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AGRICULTURE. 


IcuUun*. From the great interest attached to its operations and 
results, Agriculture, at a very early period, began to 
attract the attention of Mankind. Even in the rudest 
state, wherever the Human Being is found to observe 
the institutions of social hfe, some care is bestowed on the 
improvement of the soil, and on the preservation of its 
product*. Tlu* wandering shepherd, whether in the wilds 
of Arabia or in those of the Western continent, has some 
favoured spot on which he cultivates the natural grasses, 
and exercises his skill in raising such fruits or herbs as 
may supply to his household a little variety in their 
meals, or a remedy in their sickness. The maintenance 
of his herbs, too, during the inclemency of the seasons, 
more or less incident to every climate, suggests to him 
the manifold advantages which may he derived from 
addingto the fertility of the soil; and hence the gradual 
transition from the pursuits of a Pastoral society to the 
more improved habits of the Agriculturist, who enacts 
laws, fixes barriers around the claims of property, and 
establishes the grounds of personal rights. For this 
reason, Ceres, the Goddess of Agriculture among the 
Ancients, # was described as the first legislator, ( legifera % 
©c<r/<«0o^o9,) and the Poet accordingly tells us, 

Prima Crres unco glebam dimovit arutro , 

Pmna dedif fruges a/imcntnque mitia tern’s , 

JVtrna dedit leges, Cereris sunt omnia munus, 

Tt is not surprising that the importance of husbandry 
to the comfort and advancement of the Human race 
should have led the Mythologists of the East to ascribe^ 
divine honours to those persons by whom its various 
processes were originally introduced. We are told that the 
Kings of Persia iu former days relinquished, once every 
month, the pomp of sovereignty, and the dainties of the 
Royal table, and partook of the simple fare of the peasant ; 
preserving thereby the remembraifce of the primeval 
equality which subsisted among Mankind, and affording 
a sensible token of the high estimation in which Agri- 
culture was held by their people. In modern times, a 
practice somewhat similar is said to prevail among the 
Chinese : the monarch every year, at the commencement 
of Spring, divests himself of all the ensigns of Imperial 
dignity, puts his hand to the plough, and, ottering up a 
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solemn sacrifice, prays for a favourable season and an History, 
abundant crop. The Jews. 

Rural Economy divides itself into two great heads. 

First, the cultivation of the soil for vegetable produc- 
tions ; and, secondly, for the rearing of live stock. The 
former is more strictly identified with Agriculture pro- 
perly so called, while the latter comprehends the objects 
of the breeder, the dairy-man, the shepherd, and even 
the butcher. Bui ns the improvement of land, including 
the various Arts by which it is rendered more fertile, 
applies to the one branch as well as to the other, they 
are very naturally considered as constituting one sub- 
ject, united by relations which, resting on their first 
principles, extend throughout their minutest details. 

It is our intention, therefore, to embrace in the present 
Essay both these departments of rural industry; be- 
ginning with a Historical outline of the former us it was 
practised among those ancient nations, whose writings 
are best known to us. 

History of Agriculture. 

Although the Hebrew Tribes were in general devoted Of the 
to the pursuits of Agriculture, being by their Religion ** WW8# 
precluded from commerce with the surrounding Suites, 
we are not supplied with such particulars iu regard to 
their practice as might lead us to a just view of their 
system. The vine and the olive, which, on the calca- 
reous rocks of Palestine, yielded a plentiful return to the 
cultivator, occupied, it is probable, more attention than 
the corn which grew in the valleys. This last, watered 
by the streams which flowed from the neighbouring hills, 
or cherished by the former and the latter rain, arrived at a 
speedy maturity uuder the glowing sun of a climate 
approaching to the tropical ; and, without the exercise 
of much skill or trouble, filled the barn of the husband- 
man with an increase of thirty or even sixty fold. The 
plain through which the Jordan carries its stream, en- 
joyed in some degree the benefit conferred upon Egypt 
by the Nile; being partly covered by the annual inunda- 
tion arising from the melting snows of the Syrian moun- 
tains. The septennial rest,' too, secured for the land by 
the institutes of the Divine Legislator, would contribute 
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Agriculture. ii» no ‘'niall degree to recruit its powers, :m«l thereby 
would supersede, to :i certain extent, the means usually 
employed tor reviving the strength of an exhausted soil. 
Its ubscu- Hut it may he sutlieient to observe, that the Literature of 
xity. the Jews, occupied with higher objects, has conveyed lo 

us no record of the manner in which thev ploughed and 
sowed their Helds. We find nothing bo\ond allusions 
to their lural hahits and usages. The Prophet Isaiah, 
for example, asks, “ Doth the ploughman plough all day 
to sow ? Doth lie open and break the clods of his 
ground? When he hath made plain the face thereof, 
doth he not cast abroad the fitches, and scatter the cum- 
min, ami cast in the principal wheat, and the appointed 
barley, and the rye in their place? For his (rod doth 
instruct him to discretion, and doth teach him. For the 
fitches are not threshed with a threshing instrument, 
neither is a cart-wheel turned about upon the cuintniti, 
blit the fitches are beaten out with a staff*, and the cum- 
min with a rod. Bread-corn is bruised ; because he will 
not ever he threshing it, nor break it with the wheel of 
his cart, nor bruise it with his horsemen.”* 

Under their It would appear, however, that Agriculture was held 
Kings. in high esteem even by their Princes. The Crown-lands 

' in the time of King David were managed by seven 

'officers; one w r as over the storehouses, one over the 
work and tillage of the ground, one over the vineyards 
and wine-cellars, one over the olive and oil-stores, and 
sycamore plantations, one over the herds, one over the 
camels and asses, and one over the flocks. t King Uz- 
ziah, too, 41 built towers in the desert, ami digged many 
wells ; for he had much cattle both in the low country 
and in the plains ; husbandmen also and vine-dressers 
in the mountains, and in Carmel, for he loved hus- 
bandry. We are informed, moreover, that Elijah found 
Elialmin the field with twelve yoke of oxen and himself 
with the twelfth. ■ It is well known tliat both oxen and 
asses were used in ploughing ;.but Moses forbade the 
Jews to yoke an ass with an ox ; their step or progress 
being different, and their labours of course unequal. 
Division of In the later period of their history, the Hebrews, like 
lands. alt other notions of long standing, connived at the pos- 

* session of large landed estates, although one of their 

Prophets denounces a curse against those who join house 
to house, and lay field to field, that they may be placed 
alone in the midst of the Earth. In the earlier and more 
simple times, however, it .should seem, that while some 
portion of the land was occupied exclusively by indivi- 
duals, the greater part was held in common, or in a 
certain rotation, according to a practice not yet wholly 
extinct in some districts of Great Britain. This view is 
confirmed, not only by the regulations laid down by the 
Jewish Legislator as to herds and flocks, but also by the 
beautiful story of Ruth, who 44 came and gleaned in the 
field after the reapers, and her hap was to light on a 
part of the field — that is, of the common field— belonging 
to Boaz.” 

Of the Tile Agriculture of the Egyptians and Assyrians 

Kgvptioo* seems to have taken its character from the peculiarities of 
will Assy- the country which they respectively occupied. The an- 
imal floods which covered their hmd to a great extent, 
saved the labour of tillage, aud superseded the use of 
those instruments which, in other parts of the Worlds 
were necessary to prepare the soil for receiving the seed. 
The depositions left by the water formed so rich a mould. 

* xxviii. 24. Ac. f 1 Chron . xxvii. 25. Ac. 

J 2 Chrtm. unri 10. 


that llu* exertions of the husbandman were confined to Ilisbn 
the struct uie of dikes, or the excavation of subsidiary Assyria] 
canals. In Eirvpt the grain sown in the month of 
"November was generally found ripe about the end of / l> 

M arch ; und during the remainder of the season, pulse 
followed the grain, and the fruits were succeeded hy new 
flowers. In seconding the liberality of Nature, Man was 
industrious, and the duty of Agriculture was enforced 
by various maxims of Religion. The care of tillage, as 
well as of all other momentous concerns, was originally 
under the inspection of the Sacerdotal Families, who had 
ot old taught the people how to drain l^ie marshes of the 
Delta ; the smaller mouths of the Nile long Iiearing the 
most evident marks of the patient labour whfth had been 
necessary to open and keep them clear. Aristotle 
assures Jiis readers that pll the inferior channels by 
which the river finds its way to the Mediterranean were, 
\eifioirotij7fiy the work of men’s hands.* 

The Euphrates performed nearly the same service to Irrigation 
the plains of Mesopotamia which the Nile rendered to neglected 
the valley of Egypt. The Persians, however, originally I’y die Pcr- 
accustomed to a hilly country, viewed with contempt the suns * 
magnificent works raised by the Assyrians for directing 
the current of the river ; and the Agriculture^uid wealth 
of the Country, accordingly, very soon fell into decay. 
Alexander, whose attention was directed to every species RpHtored by 
of useful industry, repaired the reservoirs and canals, Alexander, 
which he saw to be indispensable in a region where all 
is desert that cannot be duly supplied with moisture, and 
where all is exuberant fertility that can be flooded and 
drained at the proper seasons.! We have already sug- 
gested that the great vale of Palestine was probably 
cultivated in a similar manner by its ancient inhabitants; 
and, in confirmation, of this opinion, we may quote a 
part of the sacred narrative which relates, that “ Lot 
lifted up his eyes, and beheld all the plain of Jordan, 
that it was well watered everywhere, before the Lord ’ 
destroyed Sodom aud Gomorrah, even as the garden of 
the Lord, like the land of Egypt.” J 

It is not easy to determine the period at which Agri- Of fho 
culture assumed a regular form among the Greeks. Greeks. 
Before the arrival of Egyptian colonies tile cultivation ot 
the ground might occasionally employ the industry of 
scattered families ; but it is manifest that this valuable 
Art was not considered as an object of general concern 
until a much later period. Cecrops L* said to have in- 
duced the roving hunter and the no less migrate Ay keeper 
of flocks to relinquish their unsettled mode of life, and 
to unite in villages under the character of husbandmen. 

Corn, wine, and oil rewarded their useful labours ; and 
these productions being acquired by common exertion, 
were regarded, as well as the land itself as a common 
property. When a warlike Tribe sallied from their woods 
aud mountains to take possession of a more fertile ter- 
ritory, the soldiers, fought and conquered, uot tor their 
leaders, but for themselves. The fields acquired by their 
united valour were considered the inheritance of all who 
could follow the national banners ; and who, at the end 
of harvest, received their respective shams of the annual 
produce for the maintenance of their several households. 

It is true that the wisdom or valour of a Chief wax 
frequently honoured by his Tribe with a valuable allot- 
ment of ground set apart, for his particular use. This 
was cultivated, however, not by tins hands of his martial 


+ Jlfe/rorot. lib. i. c. 14. Plia. H**t- AVr t lib. xvui, c. .'17. 
f Arrian, lib. vii. c. 22. t Gencm, xiii. 10. 
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Aprinilliirc. associates, who laboured only for the community, but 
by the captives taken in war, of whom a considerable 
number was always bestowed upon the General. 
Traditional Tradition mentions the original production of the 
iiisK.-ovi.Ties*. olive, the first culture of the vine, and even the first 
sowing of com. The first use of mills for grinding is 
also recorded. The preparation of a lasting food from 
milk by converting it into cheese, and the domestication 
of bees for their honey and wax, were said to have been 
made known by Aristecus who went from the banks of 
the river Triton in Africa. So important this 
knowledge esteemed by the rude inhabitants uf* ancient 
Greece, that in return for it they conferred upon him 
the honouMf being called the son of Apollo, the God of 
Science ; the herdsmen and rustic maidens among whom 
ho had been educated, were, in like manner, raised in 
imagination to a rank far above that of Humah nature, 
while he himself was at length pronounced to be im- 
mortal.* 

It is remarked by Cieero, that Hesiod in his Poem on 
Husbandry makes no mention of manure ; but Homer 
expressly speaks of dunging land, as well as of ploughing, 
sowing, reaping com, and mowing grass. The culture 
of the vine, too, was well understood at the same period, 
and the making of wine was carried through tins several 
Incidental processes with much attention and skill. This is evi- 
■luticen by dent from various circumstances mentioned by the 
Iljmcr. Poet, and particularly from the age to which wines were 
kept. Nestor produced some at a sacrifice eleven years 
old. In the Gardens of A lei nous, the vine is a principal 
feature taken by itself, while the olive is found only in 
the orchard with the apple, the pear, the pomegranate, 
and the fig. Pasturage Iri all Countries has usually 
preceded tillage, and we find, accordingly, that in the 
time of Homer, flocks and herds constituted the princi- 
pal fund of wealth. Cattle were even the ordinary mea- 
sure of value in the exchange of commodities. The 
golden armour of Glaums*, for example, is described as 
being worth a hundred oxen; the brazen accoutre- 
ments of Diomcd are estimated at nine ; the tripod 
which was given us the first prize for wrestling at the 
funeral of Patroclus was valued at twelve oxen ; while 
the female slave, the second prize, was accounted only 
equal to four. When again Eumeeus, in the Odyssey, 
wished to convey an idea of the opulence of Ulysses, he 
tells, neither of the extent of his lands, nor the quantity 
of his jpovnblcs, but of his herds and flocks only. 
Commerce, as we might exp ect to find at that early 
period, was carried almost entirely by barter. In the 
JUad, for instance, there is mention made of m supply 
of wine being brought by sea to the Grecian camp ; 
where, says the Poet, it was bought by some with 
brass, by some with iron, by some with hides, by some 
with cattle, and by others with slaves.t. 
lmplt'~ We need scarcely add, that at a period « remote, the 

meats. implements of husbandry were extremely imperfect; 

the plough itself the most useful of them all, being 
composed entirely of wood. The Greeks employed in 
the time of Hesiod the invention of shears for depriving 
the sheep of their wool ; having formerly waited the 
season of its annual separation by Nature. Barley was 
the principal produce of their fields, and furnished the 


* Justin, lib. ii. c. 6. Plato, dt Ley. lib. vi. Paaaaa. lib. iiL e» 
20. Dioil. Sic. lib. iv. c. 83. Pindar. Pyth, 9. 

f JAW, Ub. xiv. v. 286. bh. Kxlii. V. 702. Odys. Ub. riv. v. 100. 

Iliad lib. vii. T.467, 


ordinary food both of men and of horses. The inven- Hirioiy. 
tion of mills was unknown, and the grain underwent The Greek* 
several tedious operations in order to facilitate' tbchruis- v —*v^“***' 
ing-of it between two large stones with the hand. 

Xenophon lias bequeathed to posterity some* remarks Dangers of 
on the state of Agriculture in his native Count! y. IU* Northern 
admits that, in most parts of Greece, soil and climate 
did much for the cultivator: but it is not concealed 1 hat, 
amid the ravages of war and sedition, the exertions ot Xenophon. 
Art were hasty and unsystematical. He has, in fact, 
drawn a very unfavourable picture of the life of a hus- 
bandman in two of its largest and most fruitful Pro- 
vinces. It occurs in the description of an entertain- 
ment given by the officers of the Cyreian army, while 
encamped near Cotyora, to the ministers of Cory las, 

Prince of Paphlagonia. Among both Greeks and Bar- 
barians, as among the Eastern nations at this day, the 
meal was commonly succeeded by dances and panto- 
mimes. Alter one of these movements, performed to 
the sound of the flute by two Thracians as targeteers, 

-some JEnians and Magnetes, people of the Thessalian 
borders, stepped forward, and in the full armour of the 
phalanx exhibited the dance callefi the Carp a* an. The 
manner of it, says Xenophon, was this : “ While the 
pantomimic dance was proceeding to the music of the 
flute, one advances as a husbandman. Grounding his 
arms, he sows and drives his oxen, often looking round 
as if in fear. Another approaches as a robber. The hus- 
bandman seeing him runs to his arms, and a combat 
ensues. The robber prevails, binds the Agriculturist, 
and drives off the cattle. Then the dance is varied ; 
the husbandman is victorious, binds the robber’s hands 
behind him, yokes him with the oxen, and drives oft' 
altogether.’’* 

In Laconia and Attica, ns well as some other parts of Less peril- 
Southern Greece, the situation of the cultivator was «* 
unquestionably less unfortunate. It was not at all 
times necessary for the ploughman to carry arms, while 
he and his cattle were sufficiently protected from at least 
the solitary robber. Yet, if we consider the state of the 
Country at large, we shall hardly wonder if the notices 
cm Agriculture, left by the Greeks of the Republican 
tipies, are not among the most valuable of their writings. 

There is an expression in Hesiod, — whose Poen»,*Hc»iod’s re- 
on the Works and Days, is, perhaps, the most complete mark on 
Treatise that has comedown to us on the Agriculture I ,lou S ull S 
of ancient Greece— which helps to explain a pas- 
sage in the Gospel not generally nor sufficiently under- 
stood ; “ He that putteth his hand to the plough and illustrates 
looketh back, is not fit for the Kingdom of Heaven:’ Scripture. 
Describing the character of a good ploughman, the 
Affctean remarks, that he must not let his eye wander 
about, not be absent in mind, but be careful that he 
tway cut a straight furrow, and not sow the same twicc.t 
The imperfect instrument called a plough in those days 
required incessant attention, being guided with only one 
hand ; and it is not improbable that, in some parts of 
the Country, it was the practice to deposit the seed in 
the furrow with the other hand, while the process of 
ploughing was going on. In this case a vigilant eje 
would be still more indispensable. 

If there be any deficiency in the writings of the Of the Ko- 
Greeks on the subject of Agriculture, there is an amp * man,u 
compensation to be found in those of the Roman* 1 - * 

♦ Antib. lib.vi. tub tniti*. 

f ii. 441. 

b2 
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Agriculture, the Works of Cato, Varro, Virgil, Columella, Pliny, and 
Palladius, we possess all the information which might 
be required either to gratify curiosity or to aid the His- 
tory of an important Art ; and as it has been remarked, 
instead of schemes produced by a lively imagination, 
which we receive but too frequently from uuthors of 
genius unacquainted with the practice of Agriculture, 
we have good reason to believe that they deliver in their 
volumes a genuine account of the most approved usages, 
of which they themselves had experienced the utility. 
It is asserted, too, that if in the theory of their profession 
the Roman cultivators were inferior to the Moderns, 
they were greatly superior to our best improvers in 
attention to circumstances, in exactness of execution, 
and in economical management.* 

Causes of In the first Ages of the Commonwealth the lands were 
Homan su- occupied and cultivated by the proprietors themselves, 
penonty. mcn accustomed to the activity and precision of military 
life ; and as this state of things continued four or five 
centuries, it was probably the chief cause of the Agricul- 
tural eminence of the Romans. An observation made 
by Pliny confirms this supposition ; for he assures us 
that his Countrymen} in early times, ploughed their 
fields with the same diligence that they pitched their 
camps, and sowed their corn with the same care that 
they arranged their armies in the day of battle. After- 
wards, when Rome extended her conquests, and ac- 
quired large territories, individuals became owners of 
wide domains, the culture of which fell into inferior 
Mode of hands. Such estates were either committed to the 

farming management of responsible servants, who had under 

lands. them a great number of slaves, or let out to farmers, 
who occupied a portion of the soil on certain conditions 
• and for a limited period. Generally speaking, the stock 
on the farm belonged to the landlord, and the cultivator 
received only a specific portion of the produce in return 
for his labour and superintendence. In reference to this 
position, the latter was called politor or polintor, the 
dresser of the soil ; while, from being in a kind of co- 
partnership with his superior, and receiving a share of 
the produce, he was sometimes denominated partuarius . 
Cato has recorded that, in the best land, the politor 
obtained the ninth basket ; in the second kind of land, 
he got the eighth ; in the third description he received 
the seventh ; and in a still inferior, he was remunerated 
by being allowed to retain the fifth. 

Columella’s The Coloni, or farmers properly so called, seem to 
instructions have paid rents for their ground in a manner nearly 
to landlords. g j, n ji ar to that which is observed among ourselves. The 
directions giveu by Columella to a landlord concerning 
the inode of treating that class of men are curious as 
well as important, and not altogether inapplicable at the 
present day. He ought, says he, to conduct himself 
towards his tenants with gentleness, should show him- 
self not difficult to please, and be more solicitous to 
exact culture than rent, because this is less severe, and, 
upon the whole, more advantageous. For when a field 
is carefully cultivated, it for the most part brings profit, 
never loss, except when assaulted by a storm or pillagers. 
Neither should the landlord be very tenacious of his 
right in every thing to which the. farmer is bound, par- 
ticularly as to days of payment, and demanding the wood 
and other small things which he is obliged to furnish, the 
care of which is greater trouble than expense to the 
rustics. Nor is every penalty in our power to be exacted, 

— ■■ - . — ... ,, . ft.. ■ I ■ — ■ -I ■ ■■! I 

* Dickson, tltalandry of the Ancient*, vol. i.p. 16. 


for our ancestors were of opinion that the rigour of the History, 
law is the greatest oppression. On the other hand the The Ko. 
landlord ought not to he entirely negligent in this ma n8 ‘ 
matter; because it is certainly true what Alpheus the 
usurer was wont to say, that “ good debts become bad 
ones by not being called for.’** 

The servants employed in Roman Agriculture were Agrirultu- 
either freemen or slaves. When the proprietor lived on ral servants, 
the farm and directed its culture, these were, of course, * 
under his own management ; in other cases there was 
an overseer to whom all the labourers were subordinate. 

This agent was generally a person who had received 

some education, although Columell£ thinks that he 

might transact business very well without# the use of 

letters ; and Cornelius Celsus adds, that the illiterate 

bailiff is to be preferred, because he will bring money to 

his. master oftener than hfe hook, since being ignorant 

of figures, lie will be the less capable to contrive accounts 

and the more afraid to trust others. As far ns we can Price of la,-'* 

compare prices in ancient and modern times, it does not bour - 

appear that Agricultural labour was cheap among the 

Romans, even when they employed the hands of slaves. 

In the days of Cato, the price of a slave was about <£5G ; 
in those of Columella, it had risen to £G0 ; being the 
value of eight acres of good land. An expert vine- 
dresser cost £66. Ids. Ad., and a ploughman about the 
same sum. The interest of money at. that period was 
6 per cent. ; therefore in estimating the expense of farm- 
labour, the work of a slave, being a perishable com- 
modity, ought to be rated at not less than 12 per cent, 
on his purchase money. Hence one who cost ,£60 
must be charged at £ 7 . 4$. yearly, besides his clothing 
and maintcnance.t 

Of all Agricultural operations, the Romans attached Ploughirgd 
the greatest importance to ploughing. What, says 
Cato, is the best culture of land? Good ploughing. 

What is the next best? Ploughing. What is the third ? 

The application of manure. In the strong loamy soils 
of Italy the maxim of this sage Agriculturist could not 
be applied too extensively, because the richness of such 
land required to be excited into energy rather than to 
have its powers increased. In most cases a crop and a 
year’s fallow succeeded each other; although when 
manure could be obtained, two crops or more were taken 
in succession ; and in certain fertile districts described 
by Pliny as favourable for barley, a crop was raised 
every year. In fallowing, the lands were first ploughed 
after the crop was removed, generally in August ; they 
were again cross-ploughed in Spring, and at least a 
third time before sowing. In other cases, however, 
there were no limits to this operation ; the object being, 
as Theophrastus observes, “ to let the earth feel the 
cold of Winter and the heat of Summer; to invert the 
soil and render it free, light, and clear of weedB,' so that 
it might afford a full supply of nourishment to the 
plants/’J ' 

The Roman authors lay great stress on the use of Manuring, 
proper manure. Pliny reminds his readers that in 
Homer an old King is represented as spreading dung on 
fits fields with his own hands. Augcas, a personage too 
of Royal station, id said to have been the first among 
the Greeks who discovered this method of aiding the 

* Columel. lib. i. c. 7. 

4 Ibid. lib. i. c. 8. 

I Theoph. de enus. Plant, lib. lii. c. 25. Cato, e. 61. Quid eat 
vgrum bent colere 9 bene arare.' Quid icciendum T ware. Quid 
tertium t etercorare . See alio Pliny,. book xviii c. 19, 
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Agriculture, resources of land. In Italy, where Hercules is reported 
to have divulged the secret, a lasting fame was conferred 
hy his subjects upon King Stercutius for communicating 
the invention to the practical husbandman. On this 
head the ancient farmers on the Tiber and the Po had 
the merit of setting an example to future Ages, which 
cannot Iks too closely followed. They were so sensible 
of the advantage arising from manuring their grounds, 
that they were most assiduous in collecting every material 
which seemed proper for the purpose. Besides the usual 
resources supplied by the stable and fold, they gathered 
ashes, shrubs, stubble, burned the branches of tree*, and 
even heaped together different kinds of earth. “ You 
may make nurture,” says Cato, “ of lupines, bean-stalks, 
chaff*, holm, and' oak-leaves. Prom the corn-fields pull 
out dwarf alder, hemlock, and all the tall grass and 
reeds in the willow plantations,* and lay. them bcl&w the 
sheep and oows." “ I am not ignorant,” says Colu- 
mella, “ that there are some farms in the country on 
which neither the dung of cattle nor of birds is to be 
procured ; and yet, even in such places, he is a slothful 
cultivator who can find no manure. He may collect 
any kind of leaves, the cuttings of briers, and the rakings 
of highways, and mix them with the cleanings of the 
court-yard 1 

Mixture of But the Ancients were not only very diligent in the 
soils. use of every animal and vegetable substance which 
might minister to the improvement of their lands, they 
also, as we are informed by Theophrastus, were wont to 
mix together earths of different qualities, light with 
heavy, fat with lean, and, in short, all those which dis- 
played any contrariety iti their nature. This mixture, 
he add.s, not only supplica what is wanting in point of 
depth, but also renders the soil with which another is 
mingled much more powerful ‘ so that What i» worn out. 
being mixed with any fertile kind of earth, begins again 
to carry crops, as if renewed ; and what is naturally bar- 
ren, such as clay, is rendered fruitful by the addition of 
ingredients possessing an opposite quality. In fact, this 
mixture, when judiciously made, is considered a com- 
plete substitute for manure. The people of Megara, 
besides adopting the process now described, were wont 
to trench their fields every fifth or sixth year ; and dig- 
ging as deep os the rain is understood to penetrate, they 
brought the bottom of their soil to the top ; it being a 
maxim with them that the particles of earth proper tor 
the nourishment of plants, are always carried down- 
wards as far as the surface water descends.t 
Marl. Marl was known to the earlier authors of Rome, but 

was not used in Italy. It is mentioned by Pliny as occur- 
ring iu Britain and Gaul, and in described by him as 
being like the kernels in animal bodies which arc ener- 
vated by fatness. It was employed, he subjoins, as a 
manure by the Greeks, " for what is there which they 
J»ave not tried ?” Varro relates that, when he marched 
%n army to the Rhine in Transalpine Gaul, he passed 
through Countries where he saw the fields manured with 
a white fossil clay, which must have been either inarl 
or chalk. 

Sv wing. * Sowing was performed with the hand from a basket, 

L /in modern time*; the hand, as Pliny remarks, moving 
with the step, and always with the right foot. The corn 
and leguminous seeds were covered with the plough, 


^Cato, c. 37. Plin. Hist. Nat* lib. xvii. e. 9. Colum. lib. ii. 

t Colum. lib. ii. c. 16. Theoph. lib. Sii. c. 25. 


and sometimes so as to rise in drills ; the smaller seeds History, 
were earthed with the hoe and rake. The Ro- 

Varro intuitions three modes of conducting the opera- ,Haus - 
tion of reaping, which, in order to avoid the hazard 
attending boisterous weather, the best authors rccom- Reaping 
mended to be done before the crops were fully ripened. 

The first method was to cut close to the grouud with 
hooks ; the sccoud was to cut off* the ears with a curved 
stick having a saw attached ; and the third was to cut 
the stalks in the middle, leaving the lower purt, or 
stubble, to be gathered afterwards. To these modes 
Pliny adds that of pulling up by the roots ; and remarks 
generally, that where they cover their houses with straw, 
they cut high to preserve this of as great a length as 
possible, but that where fodder is scarce they cut low 
with the view of securing an addition to their forage. 

A reaping-machine, used in the plains of Gaul, is dc- Bv Ma- 
scribed by Palladius in the following terms. The Gauls, diinery. 
says he, “ use this quick way of reaping, and without 
reapers cut large fields with otic ox in a single day. 

For this purpose a machine is made supported upon 
two wheels ; the surface has boards erected at the side, 
which sloping outwards, make aVider space above. 

The board on the fore part is lower than (lie others; 
upon it there are a great many small teeth, set in a row, 
answering to the height of the corn, and turned upwards 
at the ends.. At the hack part of the machine two short 
shafts are fixed, like the poles of a Utter ; to these an ox 
19 yoked with his head to the machine, and the yoke 
and traces likewise turned the contrary way. When 
this piece of mechanism is pushed through the standing 
corn, all the ears are enclosed by the teeth, and heaped 
up in the hollow part of it, being cut off’ from the straw 
which is left behind, the driver setting it higher or lower 
as he fliids it necessary ; and thus by a few goings and 
returning*, the whole field is reaped. The machine does 
very well in plain smooth lands, and in all places where 
the straw is not considered %f any value.” A conjectural 
delineation of this instrument is given by Lasteyrie, 
in his Work entitled Collechoji dts Machines . (Sea 
i.) 

The Homans, says Mr. Loudon, did not bind their Carrying, 
corn into sheaves os is customary in Northern climates. 

When cut it was in general carried directly to the area 
to be thrashed, or if the cars only were cropped, they 
were sent in baskets to the barn. Among the Jews, 
Egyptians, and Greeks, the corn was bound in sheaves ; 
or at least some kinds were so treated, as we learn from 
the story of Ruth, who gleaned 44 among the sheaves 
from Joseph’s dream in which his u sheaf ar^se and 
from the harvest represented by Horner oil one of the 
compartments of Achilles’s shield.* 

Threshing was performed in the area or threshing- Threshing., 
floor, which was a circular piece of ground, fifty or sixty 
feet in diameter, with a smooth, hard surface. The floor, 

. indeed, was generally made of wrought clay mixed with 
the lees of oil, which increased its tenacity ; sometimes 
it was even paved. It was usually selected in the neigh- 
bourhood of the nuhilarivm or barn, in order that, when 
a sudden shower happened during the process of thresh- 
ing, the ears might be removed thither out of the reach 
of damage. The corn being spread over this surface, a 
foot or two in thickness, was beaten out either by the 
hoofs of cattle, or by dragging over it a machine com- 
posed of wood and iron, and surmounted by a ronsidcr- 


* Encyclopaedia of Agriculture, j». 
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AtfiiLuHi.ro. able weight. Occasionally rods or Hails were used for 
the same purpose, while the Indian corn, far, or maize, 
was picked with the hand, or pressed through a small 
mill. 

Winnow- The produce of the threshing-floor wiis winnowed or 

mg. purified from the husks and chaff by being thrown from 

one part of the barn to another across a current of wind. 
The instrument used for this cud was a kind of shovel 
called ventilabrum ; and to supply the absence of wind 
it was customary to substitute an implement called van* 
nun, the origin, perhaps, of the modern and much more 
complex machine denominated fanners. 

Ignorance It is remarkable that, in regard to the practical know- 

of Theory, ledge of Agriculture, the Romans were very little inferior 
to the most intelligent among husbandmen in our own 
days. They were indeed extremely deficient in point of 
Science, being unable to give a reason for their best esta- 
blished usages which did not terminate in simple expe- 
rience or accident. They knew nothing of Chemistry or 
Physiology, were unacquainted with the analysis of soils 
or manures, and were especially ignorant of those prin- 
ciples in Mechanics which determine the strength of 

Supers ti- materials, and the ’application of force. Again, in ac- 
tions. counting for many of the most ordiuary phenomena of 
Nature, they had recourse to supernatural and imaginary 
causes. In the rude periods of Society, Good and Evil 
Spirits are supposed to take a concern in every thing ; 
and hence the absurd superstitions of the Egyptians, 
and the equally whimsical ceremonies of the Greeks, to 
procure their favour or avert their malign influence. 
Hesiod, accordingly, considered it of not more impor- 
tance to describe what works were to be done, than to 
point out the lucky days for their performance. Horner, 
Aristotle, Theophrastus, and all the Greek authors, are 
more or less tinctured with this belief, so prevalcut in 
the darker Ages of remote antiquity. Nor were tha 
Romans in this respect less enthralled than the ingenious 
People from whom they bdhrowed the most valuable 
part of their knowledge. The empire of superstition 
extended over all their undertakings, and none more 
completely than the important pursuits of Agriculture. 
In some cases Imagination seized the reins which 
should never be taken out of the hands of Reason and 
Experience ; and hence both Virgil and Pliny venture 
upon statements in regard to heterogeneous grafting, the 
spontaneous generation utid transmutation of plants, the 
influence of lunar days, and the impregnation of 
animals by certain winds, which every Physiologist 
knows to be altogether inconsistent with the laws of 
Nature. 

Progress, It is & question of curiosity rather than of Scientific 
importance, to determine how much Agriculture owed 
to the Romans, and to what extent they improved upon 
the usages of the Greeks and Egyptians. As the 
writers of Italy refer in most cases to authors who 
flourished at an earlier period among their neighbours 
beyond the Adriatic, it is probable that the leading 
principles of the Art were borrowed from Greece. But 
there can be no doubt that the progress of the Roman 
arms in Helvetia, Germany, and Britain extended the 
knowledge of tillage among barbarous Tribes by whom 
it was formerly unknown or neglected. The conquerors 
imposed a tribute of corn on the vanquished Provinces, 
which compelled the natives to cultivate the soil. Large 
fleets sailed from the shores of Britain laden with grain 
for the Imperial stores in various parts of their exten- 
sive dominions. Egypt, too, with Sicily and Africa, 


contributed immensely to feed the armies and luxurious History* 
citizens of the proud Republic, until at length, by a just Th* Ko- 
retribulion, she found herself at the mercy of the very “** in *- 
Countries which she hail subdued. Agriculture which 
flourished abroad decayed gradually at home. The *“d decline 
great men in Rome, trusting to their revenue from the 
Provinces, neglected the improvement of their estates in 
Italy ; and while their lands became less productive, they 
insisted upon higher rents. The farmer, sinking under * 
broken spirits and a diminishing capital, imitated his 
landlord in idleness and rapacity. The Civil wars which 
ensutfd, the tyranny of the Emperors, and at length the 
removal of the seat of Government to Constantinople, 
paved the way for the Northern invadciy, and const*- 0 f 
quently for the downfal of Agriculture, and of every Agiiculim*. 
useful or elegant Art. 

In regard to implements for the uses of husbandry, Impli*- 
the Romans possessed several, of which neither the form mtut*. 
nor the purpose is now distinctly known. We find 
mentioned in their Agricultural authors the aratrum , the 
irpex, or vrpex , the crate* , the rustrum, the bide ns, the 
iccuris , the dolabra , the ligo , the pala, the sarcvlum , the 
marra. By the first, as every one knows, is meant the 
plough, of which it appears there were varieties among 
the cultivators of ancient Italy. The othef instruments, 
in their order, correspond to a weeder or breaker, a 
harrow, a rake, a toothed hoe, an into or pruning-hook, 
a mattock, a spade, a small shovel, a hand-hoe, a scraper 
or Dutch hoe. In some cases these are only approxi- 
mations ; for we find no small difficulty in reconciling 
the descriptions of the several authors who have written 
on the rural economy of the Ancients, as well as in 
comparing the instruments they delineate to the more 
artificial tools of modern times.* 

As the plough in the most important of all Agrieul- The 
tural machines, \vc may be indulged in a few details plough, 
respecting its form, more especially as Virgil, the Prince 
of Roman Poets, has not disdained to supply us with 
some particulars in regard to its consLructioii. 

Continuo in $ i/vis magnd vi Jlexa domatur 
In hurtm, et vurvi jbrmam aenpit uitnus arairi . 

Uuic a xtirpe , petles, temo protrntux , m ocio j 
flinir auret , dup/ici aptantur dentaha dorm. 

Ca-ditur et t\ha ante jug o Icvix, uttaque fag us, 

Stivaqne qua currux a trrgo torqueat inwx ; 

Et, xuspenxa foeix exp/orat robora fummx. 

Ceor. i. v. 1C9. 

Young elms with easy force in copses bow, 

Fit for the figure of the crooked plough. • 

Of eight fleet longs fastened beam prepare: 

On either shJe the head produce an ear, 

And sink a socket for the shining shore. 

Of beech the plough-tail and the beuding yoke. 

Of softer linden hardened in the smoke. 

Dry den. 

It is asserted in a Work entitled the Husbandry of the 
Ancient a, that the Romans hud all the different kinds of 
ploughs that we have at present in Europe, thougfi 
perhaps not so exactly constructed. “ They had ploughs 
Without mould -hoards, and ploughs with mould-bourds ; 
they had ploughs without coulters, and ploughs with 

* These, says tlfe author of the Georgia, are the rural arms* 
without which crops can neither be sown nor reaped. 

Queix sine, net potuere xeri , nee surge re, mesxet : 

Fornix, et injtexi primvm grave robur arairi , 

Tardaque E/ctffina Matrix volvmt'm pfauxtra, 

Tribtt/aque , trah**que, et tniquo ponder* rati id, 

Pirgor prat era Cele i vUixque. Xuppeilex, 

Arbutea crates, et tnyxtHv* vannne lacchu lib. i. 1 64. 
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Apiculture, coulters ; they had ploughs without wheels, and ploughs 
with wheels; they had broad pointed shares, and 
narrow-pointed shares ; they even had what I have not 
yet met with amongst the Moderns, shares not only with 
sharp sides and poiuts, but also with high raised cutting 
tops. Were we well acquainted with the construction 
of all these, perhaps it would be found that the improve- 
ments made by the Moderns in this article, are not so 
great as many persons are apt to imagine.” (See fig. 2, 
3, 4.) 

We have already alluded to the superstitions of /he 
Ancients in respect Unfortunate and unfortunate, and'the 
extent to which those feelings were admitted in the pro- 
cesses of Agriculture. This is one instance among 
many wherein we discover a striking contrast between 
the practical good sense of a great People, and their 
speculative absurdity in matters* of belief. Virgif, for 
example, in the very middle of his precepts for sowing, 
planting, manuring, weeding, and reaping, inserts the 
following admonition for the use of the Italian peasants. 


.Pay obser- 
vations. 


Jpsa diet a Hot tUio dedit or dint Luna 
Feftces opernm : quintain fuge ; pafMut Orcttt, 
Eumenutesque mite : turn partu Terra uejamh 
Ctrumque Jupetumqur n eat, urvttmque TypAo'ca, 

Et conjmratut emlutn retninderc fratret. 

* * • * 

Srptima past decimam felix 9 et ponrre vitem, 

Et prensns d omit a re bovrs, et liciu tel te 
Addcre : notta Jug a mchor , c untraria Curtis . 

Gear. i. r. 276. 


The lucky days in each revolving moon 
For lubour choose ; the fifth be sure to shun : 

That gave the Furies uud judo Pluto birth, 

Ami arm'd against the skies the Sons of Earth. 

* * * * 

Tins seventh in next the tenth the best to join 
Young oxen to thu yoke, and plant the vine. 

The uioth is good fur travel, bad fur theft. 

Dryden. 

Omens of Amid tile indications of the weather, too, as depending 
weather. upou the aspect of the heavenly bodies, the same delight- 
ful author mingles his political regrets and superstitions. 
The beauty of the ver§e will excuse us in the eye of 
every reader of' taste for this concluding extract from the 
Agricultural Poem of Virgil. 

i Sol tibi ttgita dabit i 8<Jcm quit die ere fuhwn 
A a drat ? Hie etiam r.teeos mature tumultut 
Seepc monel, fraudemque et apertu tunic score beiia f 
Hie etiam rxsitneta mitentlut Ctesare Romam / 

Quam+'frpiil obscurA mttdum f err agxne tent, 

Jmputque aeietmtun txmuermnt mpcm/m noctcm. 

Ub.iv.463. 

The sun reveals the secret* of the sky ; 

And who d.m>A give the source of light the lie ? 

The change of empires »(tan he declares, 

Fierce tumults, hidden treasons, oj»en wars. 

He first the fate of (tawr clid foretell, 

And pitied Romo when Koine in Caesar fell \ 

In iron clouds concealed the public lifght. 

And impious mortals feared eternal night 

Dryden. 

The decline of the Roman power was accompanied with 
the neglect of Agriculture in almost all the Countries which 
Italy. had submitted to the arms of the Commonwealth. Little 
is known of the condition of this Art in ftaly during the 
long period of twelve hundred years, as it was not till 
the beginning of' the XIVth century that any Work ap- 
peared on that important branch of industry. About 
tlie era now specified, a Treatise entitled Rxiralium 
Catnmadorum was written by Crescendo, a Senator 
of Bologna, and afterwards published ill 1471, He 


was soon followed by several of his Countrymen, amone IIMorr. 
whom Tatti, Ste phono, Augustino Hallo, Sansovino, Italy* 
Lauro, and Torelli, deserve to be mentioned with up* France, 
plause. From some records, however, which have 
escaped the ravages of time, it appears that irrigation 
was practised nearly two centuries before the earliest of 
the dates now mentioned. The Monks of Chiara\alle 
had set an example in this species of iinprn\cment, and 
had become so celebrated in quality of hydraulic engi- 
neers as to be employed by the Emperor Frederic I. 

The volume of Cresceutio is, in great part, a compilation 
from the older Homan authors, such as Cato, Varro, 
and Pliny; but being illustrated with figures, is valuable 
because it enables us to fonn some notion of the imple- 
ments then in use. The plough is drawn by only one 
ox ; but other kinds, which must have been drawn by 
two, and even by four, are described at some length* 

The Political troubles which so long agitated the fine 
Provinces Southward of the Alps, prevented them from 
profiling by the revival of the Arts in other parts of 
Europe ; and hence, at the present day, although Italy 
can boast of a rich soil and a favourable climate, her 
inhabitants have no where entitled "themselves to the 
reputation of being good farmers.* 

France, too, overrun by the Northern Barbarians, or Franco, 
by the Tribes of native Germans hardly more civilized, 
was long doomed to witness the decline of that pursuit 
upon the success of which the prosperity of all others is 
more or less suspended. In the Xllth century, the care 
bestowed by some leading Churchmen upon the produce 
of the soil was rewarded by a considerable melioration 
in the state of the peasuntry, as well us in the value of 
lands. Four hundred years later, the first Agricultural 
Work produced in France nmdc its appearance, under 
the title of Let Moyens de derrnir riche , composed by 
Bernard de Pallisy, a poller, who is suit! to have writ- 
ten on various other subjects. Under the auspicious 
reign of Henry IV. great exertions were made for the 
improvement of the Country in general, amidst which 
tlie interests of rural economy were not forgotten. Sully 
asserts, in his Memoir s, that, in his time, France 
abounded with corn, grain, pulse, wine, cider, flax, 
hemp, salt, wood, oil, drugs for dyeing, cattle great and 
small, and every thing else, whether necessary or con- 
venient for life, both for home consumption and expor- 
tation. 

Great changes for the better were made in France 
during the last century. The celebrated Economists 
created a taste for the Art, ami Agricultural Societies were 
every where established under the sanction of the Go- 
vernment. Those of Paris, Lyons, Amiens, and Bo-ir- 
deaux distinguished themselves by the publication of some 
valuable Memoirs. The name of Buffbn, too, gave repu- 
tation to this study, and various other writers contributed 
to make it popular. Chaptal informs us that essential 
improvements have been introduced since the Revolution. 

Crops of every kind, says he, cover the soil ; numerous 
and robust animals are employed in labouring it, and 
they also enrich it by their manure. The country po- 
pulation are lodged in commodious houses, decently 
clothed, and abundantly nourished with wholesome 
food. We arc not however to suppose, he observes, that 
the Agriculture of France has arrived at perfection ; 
much still remains to be done ; new plans of improve- 
ment should he more generally introduced; and a 


* Loudon, p. 34. ft arte, Essays on Hi/dmndrg. 
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Agriculture, greater quantity of live stock is wanted for every Pro- 
vince, except two or three, which abound in natural 
meadows Few domains have more than half the requi- 
site number of labouring cattle ; the necessary conse- 
quence of which is a deficiency of labour, of manure, 
and of crop. The only mode of remedying these evils 
is to multiply the artificial pastures, and increase the 
cultivation of plants destined for forage. The rich inha- 
bitants of France have already adopted these principles; 
but they have not not yet found their way among the 
lowest class of cultivators. According to M. Dupin, 
four-fifths of the peasantry of France are proprietors of 
land, which they cultivate themselves ; and although 
Knowledge is rapidly advancing, they are still very 
ignorant. It is readily admitted, too, that France is 
still miserably deficient in the better kind of Agricultural 
instruments. 

^Germany. As Germany had not shared so extensively as some 
other European Countries in the civilization diffused by 
the Romans, the reaction occasioned by the desolating 
wars of the IVth and Vth centuries was less deeply felt 
in the Provinces beyond the Rhine. Accordingly, it is 
not till the beginning of the XVIth century that we can 
discover any symptom of Agricultural advancement 
among the numerous Nations which extend from the 
borders of France to the shores of the llaltic. The 
earliest Work on Husbandry, by a German author, is 
the Treatise De Re J Rustica, by Cunradus Ileresbachius, 
published about the year 1576. It is composed in 
the form ol* Dialogue, and contains an outline of the 
opinions and precepts delivered by the Ancients, from 
Hesiod down to Pliny ; being, in fact, an Essay 
compiled from the literary materials of former Ages, 
rather than a Treatise on the Art ns it ap|>cared before 
hi s eyes, or which was meant to improve either its theory 
or practice. 

Britain. In relation to Britain, although it is certain that 

Agriculture was not wholly^mknown before the Roman 
invasion, it is difficult to say when it was fin* introduced, 
or how far it had then advanced, Bbth the Greeks and 
Phoenicians visited this lulattd long before the Legions 
landed on its shorwfwith a view to conquest; but as 
their visits were ofity transient, and for the sake of trade, 
va. uncertain whether they took the trouble to instruct 
.. . *the natives how to cultivate the soil. It is more pro- 
bable that the knowledge of this important Art was 
brought hither by some of those Colonies which are 
known to have passed over from the coast of Gaul. 
These emigrants having been employed in Agriculture 
in their own Country, pursued the same employment in 
their new settlements. This was the opinion of Caesar. 

The sea-coasts,” lie observed, “ are inhabited by Colo- 
nies from Belgium, which, having established themselves 
in Britain, began to cultivate the land.”* 

Introduc- Agriculture, we may therefore presume, was little 

tion of known in this island till about a hundred and fifty 

Agriculture. y BSLTS before the beginning of the Christian Era, when 
great multitudes of Celtic Gauls, being expelled from 
their native seats between the Rhine and the Seine by 
the German Betg<c % took shelter in the South of Eng- 
land, where they formed several small States.. These 
communities received reinforcements from time to time 
from the same coasts, whose inhabitants were then 
called Bclgts, aud practised husbandry ; a way of life 
which they were encouraged to pursue in Britain by the 


fertility of the soil, which produced all kinds of grain in History, 
great plenty und perfection. If we could depend on the Germany, 
testimony of Geoffry of Monmouth, we should be led to Brituiu. 
think that Agriculture had beenl greatly prized in this 
Country several Ages before the period ahovementiomd, 
for he acquaints us that, by one of the laws of Dunwallo 
Molmutius — who is said to have reigned over all Britain 
about five centuries before the birth of Christ — it was 
declared that the ploughs .of the husbandmen, as well 
as the Temples of the Gods, should be held as sanctu- 
aries to such criminals as fled to them for protection.* 

But this is thought to be only oqp of the many fables 
related by that author, the law to which he alludes being 
of a much later date: and upon the Whole the truth 
seems to be that, though Agriculture might be practised 
a little by a few of the more ancient Britons, yet it was 
chiefly introduced by the Belgic Gauls, about a century 
before the first Roman invasion, and almost wholly 
confined to them till after that event. 

Very few of the peculiar practices of the most ancient Early ma 
British husbandmen are preserved in History. It ap- nurus. 
pears that they w'ere not unacquainted with the use of 
manures, for renewing and increasing the fertility of 
their grounds ; and that, besides thnsjp which were 
common to other Countries, they had one peculiar to 
themselves and the Gauls. This was marl, which we MorL 
have already noticed in the quotation from Pliny. The 
same writer, after describing different kinds of that 
substance, remarks, “ of those which arc esteemed the 
richest, the white ones are most valued, and of these 
there are several species. First, one which hath a most 
sharp and piquant taste; another kind is the white 
chalky marl, much used by silversmiths : for this they 
are sometimes obliged to sink shafts one hundred feet 
deep, when they find the vein spreading broader, as in 
other mines. It is this kind of marl which is most used 
in Britain. Its effects are found to continue eighty 
years ; and no man was ever know n to have manured 
the same field with this marl twice in his lifetiine/’t 
It is highly probable that lirne was also employed Lime, 
for ‘the same purpose by our remote ancestors, be- 
cause we know with certainty that it was so used in 
Gaul, from whence the knowledge of it might easily be 
conveyed. 

The instruments and method of ploughing, sowing, 
and reaping in this Country were no doubt the same as 
among the Gauls from whom they were derived; and 
these probably were not very different from such as 
were used in Italy during the times of which the prac- 
tice is so fully described by the Roman writers on 
Agriculture. Diodorus Siculus has recorded some Diodorus 
remarkuble particulars relating to the manner in Siculus, 
which (be most ancient British husbandmen preserved 
their grain, after it was reaped, and prepured it for 
use. They cut the ears from the stubble, says he, and 
lay them up for preservation in subterraneous caves or 
granaries. From thence they relate that, in very remote 
times, they used to take a certain quantity of these ears 
every day, and having dried and bruised the grains, 
made a kind of food of them for immediate eating.} 

Though these methods were very slovenly and imperfect, 
they were not peculiar to the old Britons, but were 
practised by other nations, and some vestiges of them 
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Agriculture. were remaining not long ago in the Western Isles of 
Scotland. 311 

Kncmiv.ii;*- As soon as the Romans had attained a firm establish- 
>;i\ca inelll j n Britain, Agriculture began to be improved and 
jiomlmi to extended ; it being an Art in which that renowned peo- 
British pic greatly delighted, and which they encouraged in all 
A^uoil- the Provinces of their Empire. When, according to 
Cato, his Countrymen designed to bestow the highest 
praise cm a good man, they used to say, “ he under- 
stands Agriculture well, anti is an excellent husband- 
man; for this was esteemed among them the greatest 
and most honourable character.** As soon, therefore, as 
the soldiers of the Republic had subdued some of the 
British Slafts, they endeavoured by various means to 
induce their new subjects to cultivate their lands, in 
order to render their conque^ more valuable. Jn fact, 
the tribute of a certain quantity of corn which they im- 
posed on their vassals, compelled the mass of the people, 
to apply to Agriculture. The veteran colonists too, 
who were not less expert at guiding the plough than 
wielding the sword, set before the natives an example 
both of the most improved method, and the manifold 
advantages of this branch of industry. In short, the 
Romans by ^ heir power and policy, and more especially 
by their superior knowledge, so completely reconciled 
the Britons to the cultivation of their lands, that in a 
little time this Island became one of the most plentiful 
Provinces of the Empire, and not only produced a suffi- 
cient quantity of corn for the support of its own inhabit- 
ants aiul the Roman troops, but afforded every year a 
very great surplus for exportation. This became an 
object of so great importance that a fleet of ships was 
provided for the particular service of carrying corn from 
Albion to granaries cm the opposite coasts, whence it 
was convex cd into Germany and other Countries for 
the use of the armies. We are informed by Amniianus 
Marcel linns, that the Emperor Julian having collected 
prodigious quantities of timber from the banks of the 
Rhine, built a fleet of a hundred ships, larger than 
the common barks, which he sent to Britain, in order to 
bring corn thence. When it arrived, he sent it up 
the Rhine in boats, and furnished the inhabitants of 
those towns and Countries which had been plundered by 
the enemy with a sufficient quantity to support them 
during the Winter, to sow their lands in the Spring, 
and to maintain them till next harvest.f 
Dltscmity" We have® sufficient evidence that the knowledge of 
>1' us iiru- husbandry, and indeed of all the other Arts, entered 
jress. Britain at the South-Eastern comer, and travelled by slow 
and gradual steps towards the North-West ; but it is 
difficult to trace the progress of these Arts, or to discover 
how far they had advanced at any given period. With 
regard to Agriculture we are assured by a contem- 
porary author, that in the beginning of the 1 1 Id Cen- 
tury, it had not proceeded further than the wall of 
Hadrian. In the year 207, when the Emperor Severus 
invaded Caledonia, we are told that the natives “ inha- 
bited uncultivated mountains, or desert marshy plains ; 
that they had neither walls, towns, nor cultivated lands, 
but that they lived on the flesh and milk af their flocks and 
herds, or what they got by plunder, or cajched in hunting, 
or on the fruits of trees.” The Maeata* and. Caledonians 
having been obliged by Severus to yield up a part of 
their Country to the Romans, that industrious people, in 
the course of the IUd Century, built several towns and 
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drained Agriculture. 

marshes, and introduced Agriculture into \h L . (mintrv - V 
between the walls, many parts of which arc very imde 
and fit. for tillage. Although they never formed lM . v 
large establishment Northward of the wall which joined 
the firths of Forth and Clyde, yet many of them, as well 
as of the Provincial Britons, retired into Caledonia at 
different times, particularly about the end of the Hid 
Century, during the heat of the Diocletian Persecution. 

It is therefore highly probable that these refugees in- 
structed the people among whom they settled nut only 
in their Religion, but also in their Arts, and especially 
in that of Agriculture. The name which was given to the 
Caledonians of the Eastern coast by those of the Western, 
was Crinlnicky which signifies corn-eaters, a convincing 
proof that the latter were husbandmen. Emm other 
facts it is clear that in the beginning of the Vtli Century * 

the Scots of the mountains lived partly upon meal ; a kind 
of food to which they had been absolute strangers about 
two hundred years before, when they were first startled 
by the appearance of the Roman Eagles under Severus. 

When the Roman power declined in Britain, Agricul- Its decline 
ture with the other Arts of civilized life tell into compa- after the 
rativc neglect. This was not so much owing, however, ^jdrawal 
to want of skill in the native husbandmen, as to the fre- Kouiuns. 
quent incursions of the Saxons, who hud already begun 
to enrich themselves with the plunder of the English; 
and who, together with the Scots and Piets from the North, 
not only destroyed the fruits of their labours, but also dis- 
turbed them in the exercise oft heir industry. We need 
not be surprised, therefore, that the posterity of the an- 
cient Britons became rather unskilful Agriculturists 
and that they thenceforth applied themselves moie to 
pasturage, than to the culture of an unprotected soil. 

It is clear, notwithstanding, that, even in its most de- 
pressed condition, AgticuUuic was regarded by them as 
worthy of attention in a U$al point of view, and hence 
was made the object of scveial characteristic enactments. 

They prohibited, for example, the use of horses mares, 
or cows in the plough, and restricted the farmer to cer- 
tain yokes of oxen. Their implements, it is true, were 
very slight and inartificial; for it was regulated by 
statute that no man should undertake to guidon plough 
who could not make one ; and that the driver should be 
able to make of twisted willows the harness with which 
it was drawn. Rut simple as these ploughs were, it was 
usual for six or eight persons to form themselves into a 
Society for fitting out one of them and providing it with 
oxen. This is a sufficient proof both of the poverty of 
the class of men who occupied land, and of the veiv 
imperfect state of Agriculture among the Britons at the 
period in question. If any person laid dung upon a 
field, he was allowed by law and the consent of the pro- 
prietor, to use it for one year ; and if the dung was 
conveyed thither on a cart and in a certain quantify, he 
was allowed the use of the field for three years. If any 
man folded his cattle lor a whole year upon a piece of 
ground belonging to another, with his consent, he was 
allowed to cultivate that ground for his own benefit 
during the space of four years. All the^c laws were 
evidently meant for the encouragement of Agriculture, 
by increasing the quantity and improving the quality of 
the, arable lands.* 

As the Anglo-Saxons derived their origin and man- Demised at 
ners from the ancient Germans, who depended for sub- first by the 

Anglo- 
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* Leyca Ifa/lictr , j*. -1)$- 



10 


AGRICULTURE. 


Apiculture, sMence chiefly oil their flocks and herds, it mny be in- 
•"v - *" - *' ferred that they were not much addicted to Agriculture. 
Oil the contrary, these haughty warriors esteemed the 
cultivation of the land too ignoble an employment for 
themselves ami therefore committed it wholly to their 
worncu and slaves. The Chiefs were even at pains to 
contrive laws to prevent their followers feom contracting 
a taste for Agriculture, lest it should render them less 
fond of arms and of warlike expeditions. Hence we 
may conclude that the Anglo-Saxons at the time of their 
arrival in Britain, were much better warriors than hus- 
bandmen ; and we find, accordingly, that for a con* 
aide ruble period after they completed their settlement, 
their attention was almost exclusively coufined to deeds 
of arms. It was not until they had no longer any 
enemies to plunder, that they found it necessary to 
0 devote some portion of their cares to the improvement 

of the land, in order to raise those provisions which it 
was no longer possible to procure by the edge of their 
swords. 

Division of In the division of the Country, those of the leaders 
lauds. who obtained the largest shares are said to have sub- 
divided their estates into two parts, which were called 
the inlands and the outlands. The inlands were those 
which lay contiguous to the mansion of their owner, 
which he kept in his own immediate j>ossession, and 
cultivated by his slaves for the purpose of supplying pro- 
visions to his family. The outlands were such as lay 
at a greater distance from the dwelling of the lord, and 
were let to the cenrls or farmers at a moderate rent, 
Rents which was generally paid in kind. The owners of land 
were not permitted to exact ns high a rent from their 
tenunts as they might have obtained by throwing open 
their lands to competition ; the several payments being 
fixed by law, according to the number of hides or plough- 
lands of which a farm consisted. The reason of this 
seems to have been that the first ceorls among the 
Anglo-Saxons were freemen and soldiers, who had con- 
tributed by their arms to the conquest of the Country, and 
who were therefore entitled to the indulgence just meu- 
in produce, tioned. By the Laws of 1m, King of the West Saxons, 
who flourished at the beginning of the VIII th Century, 
a fan*' '.insisting often hides or plough-lands was to pay 
the following rent, namely, ten casks of honey ; three 
hundred loaves of bread ; twelve casks of strong ale ; 
thirty casks of small ale ; two oxen ; ten wethers ; ten 
geese ; twenty liens ; ton cheeses ; one cask of butter ; 
fi\e salmon; twenty loads of forage; and one hundred 
eels.* In some places these rents were paid in wheat, 
rye, oats, malt, flour, hogs, sheep, according to the 
nature of the farm or the custom of the country. t 
hi money There is, however, sufficient evidence that money-rents 
were not altogether un known in England, at this period, 
although the other system prevailed much more exten- 
sively. For instance, the greater part of the Crown- 
lands was farmed in that manner by ceorls, who paid a 
certain quantity of provisions for the support of the 
King’s household, according to the nature of the grounds 
which they occupied. “ We have been informed,'’ says 
the author of the Liber Niger Scaccarii , “ that in 
ancient times our Kings received neither gold nor silver 
from their tenants, but oidy daily provision for the use 
of their household ; the officers who were appointed to 
manage the King’s lands knew very well what quanti- 


ties and what kinds of provisions every tenant was Agriculture, 
obliged to pay. This custom continued eveu after the 
Conquest, during the whole reign of William 1. ; and I 
myself have conversed with several old people who had 
seen the lloyal tenants paying their rents in several 
kinds of provisions at the King's Court. 4 ’* 

In the ancient History of the Chvrch of Ely , published Prices 
by Dr. Gale, the curious reader will find an account of 
several purchases of land which were made by jEthcl- 
wold, the founder of that church, and by other pious 
benefactors, in the reign of Edgar, surnamed the Peace- 
able. By comparing these documents it plainly appears 
that the ordinary price of an acre of the best laud in that 
part of England, in the Xth Century, was sixteen Saxon 
pennies, or about four shillings of our moucy ; a very 
tritiiug v sum indeed, not # only in comparison with the 
prices of land in our times, but even in comparison with 
the prices of other commodities ut the same period. 

The insecurity of territorial possessions in that rude evince great 
Age, not only depressed its value ; it also necessarily 
led to the neglect of all the proper means for increasing cu q uru ] b 
its produce. The frequent famines which afflicted Eng- 
land, and' carried off multitudes of the inhabitants in 
those days, ufford a further and more melancholy proof of 
the wretched state of cultivation. In particular, there 
was so great a scarcity of grain in the year 1048, that 
a quarter of wheat sold for sixty Saxon pennies, which 
contained as much silver as fifteen of our shillings, ami 
were equal to eight or nine pounds of our present cur- 
rency ; a most extravagant price, which must have in- 
volved not only the poor but e\en those in the middle 
ranks of life in extreme distress. In a word, we have 
sufficient evidence that England, which in the time of 
the Romans was one of the principal granaries of 
Europe, was so ill cultivated by the Aiujln Saxons, that, 
in the most favourable seasons, it yielded only a scanty 
provision foi its own mhubiir.iits, while, in less pro- 
pitious years, it presented a scene of the most deplorable 
scarcity and suffering. t 

When such was the state of Agriculture, we may rest idleness of 
assured that the implements by means of which it was car- implements, 
ijed on were extremely rude mid imperfect. The Saxon 
husbandmen performed, indeed, the processes of plough- 
ing, sowing, and harrowing ; but as all these operations 
were intrusted to slaves who had little interest in their suc- 
cess, they were executed in a very slovenly and super- 
ficial manner. Their ploughs were very slight, and, like , 
those of Shetland at a recent period, had but one stilt or 
handle. Although water-mills for grinding corn were 
well known to the Visigoths in Spain, and to the Lom- 
bards in Italy, the Anglo-Saxons appear to have been 
unacquainted with them during the |>eriod now under 
consideration, and lmd no better way of converting their 
corn into meal than by grinding it in hand-mills, which 
were turned by women. By the Laws of Eihelbert, 

King of Kent, a severe fine was imposed upon ony inan 
who should debauch the King’s grinding maid. The Superior 
lands belonging to the Monasteries were by far the best 
cultivated, because the Secular Canons who possessed iJ t l , M j 8B ,Urc 
them spent soiqp part of their time in improving the 
soil and tending the progress of their crops, Bede, in 
his, life of Eustawin, the Superior of Wearmouth, tells 
us that this Abbot, being a strong man und of a humble 
disposition, used to assist his Monks in their rural 


• Rtliquite Spelmaniatnr, p. 12. Wilkins, Legrs Saxon, p. 25. * Litter Niger , fib. i. c. 7. 
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Agriculture, labours * u sometimes guiding the plough, sometimes win- 
nowing cord, and sometimes forming instruments of 
husbandry with a hammer on an anvil. 1 ’* 

Improve- Things were greatly improved in relation to Agricul- 
tuent under tore under the Kings of the Norman race. Immediately 
the Nor- n fter the Conquest, many thousand husbandmen from 
mans. the fertile plains of Flanders and Normandy settled in 
this Island, obtained estates or farms, and employed the 
same methods in the cultivation of them which had proved 
so successful in their native Country. The Clergy, too, 
and especially the Monks, rivalled the Nobility m the 
art of improving the soil. It was in fact so rnuen the 
custom for the Regulars of this period to assist in the 
labours of thg field, especially in seed-time, the hay- 
season, and harvest, that the famous it Becket, even after 
he was Archbishop of Canterbury, used to sally out with 
the inmates of the Convents near which he happened to 
reside, mid take part with them in all the rural occupa- 
tions of'Spring, Summer, and Autumn. The XXI Ath 
Canon of the General Council of Latcran, held in 
1179, affords a further proof that the protection and 
encouragement of all concerned in Agriculture were 
objects of attention to fhc Church. It is thereby 
decreed, that “ all presbyters, clerks, monks, converts, 
pilgrims, nnd # peasants, when they are engaged in the 
labours of husbandry, shall, together with the cattle in 
their ploughs, and the seed which they carry into the 
field, enjoy perfect security; and that all who molest or 
interrupt them, if they do not desist when they have been 
admonished, shall be excommunicated.”! 

Similarity The implements of husbandry were of the same kind, 
of implu- |n this period, with those which are employed at pre- 
iiaa y scni, though .some of them were much less perfect in 
their construction. The plough, for example, had but 
one handle or stilt, as it is called, which the ploughman 
guided w ith one hand, while in the other he held an in- 
strument both for cleaning the share and breaking the 
clods. The Norman plough had two wheels, and in the 
light soil, for which it was constructed, w as commonly 
drawn by one or at most two oxen; but in England, 
as the land is generally more heavy and tenacious, 
a greater number of cattle was necessary. Their carts, 
harrows, scythes, sickles, and flails appear, from the 
figures of them still remaining, to have been nearly of 
the same form as those which arc now used-t 


and of pro- Although the various processes of husbandry are in- 
ci i s.sos to cidcntally mentioned by the Writers of that period, it is 
those in nevertheless very difficult to collect from them a distinct 
modern uw. accoiint of tf)e nittllncr in which these operations were 
performed. Marl seems to haw been the chief manure 
in the absence of dung. Summer fallowing of lands 
designed for wheat appears to have already become a 
common practice of the Anglo-Norman farmers ; for 
Giraldus Cambrensis, in his description of Wales, takes 
notice of it as a great singularity in the husbandmen of 
that Country, “that they ploughed their lands only once 
a year, in March or April, in order to sow them with 
oats ; but did not like other formers plough them twice 
in the Summer and once in Winter, in order to prepare 
them for wheat.” In Mr. Strutts very curjous and 
valuable Work, we see the figures of several persons en- 
gaged in mowing, rea^mg, threshing, and winnowing ; 
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in all which operation, there appears to V.e little that is A B vicUta*. 
singular or at all <li Horen t train modern practice h « - 

The slate of Agriculture in Scotland at the same period nTuInT 
must have been very imperfect; for in a Parliament held 1U ’ SS of 
at Scone by Alexander II., in the year 1214, it was t;i _ Agiieul- 
acted that such farmers as had four oxen or cows or 
upwards, should labour their lands by tilling them with ' ” * 

a plough, and Should begin to till fifteen days belbic 
Candlemas; and that such farmers as had not so many 
as four oxen, as they could not labour their lauds by 
tilling, should delve so much with hand and toot ns 
would produce a sufficient quantity of corn to supply 
themselves and their families. But this law was pro- 
bably meant for the Highlands and most uncultivated 
parts of the Kingdom ; for, in the same Parliament, a 
very severe law was made against those farmers who did 
not extirpate a pernicious weed called guilde out of their 
lands; a regulation which seems to indicate a more 
advanced state of rural economy. 

The next three Centuries present such an alternation Progress 
of high and low prices, of famines and of excessive till the 
plentifulness, that wc cannot arrive at any just conclu- Cen ~ 
siou as to the ordinary state of Agrlfculture. But there 
is reason to believe that, although the progress was slow 
and frequently interrupted by war and domestic broils, 
there was, on the whole, a considerable advancement. 

The importance of having the fields enclosed had been 
very generally admitted. Even “ the feeding lands,’' 
says Sir John Fortescue, “ are likewise surrounded with 
hedgerows and ditches, planted with trees, which pro- 
tect the flocks and herds from bleak winds, and sultry 
heats/’* Summer-fallowing for wheat was practised 
in the Xlilth Century as much if not more than 
it is at present. It was then a kind of rule among 
farmers to have one-third of their arable lauds in fallow. 

In the law book called Fltfa, composed in the reign of 
Edward I., very particular directions are given as to the 
most proper time and best* manner of ploughing unrl 
dressing till lows. The farmer is there insti ucled to plough 
no deeper in Summer than is necessary for destroying 
the weeds ; not to lay on his manure till a little before 
the last ploughing, which is to be done with a deep and 
narrow furrow. Rules are also given for changing and 
choosing seed ; for proportioning the quantity of’diUerent 
kinds to be sown on an acre, according to the nature of 
the soil and the degree of richness ; lor collecting and 
compounding manures, and accommodating them to the 
ground on which they are to be laid; for determining 
the particular times in the course of the year best suited 
for sowing the several descriptions of grain ; and, in a 
word, for performing every operation in husbandry, at 
the best time and in the best manner. In the same Trea- 
tise the duties of the steward, of the bailiff, and of the over- 
seer cf a manor, and of all the other persons concerned 
in the cultivation of it, are explained at full length, and 
with so much good sense that, if lhey were well per- 
formed, the manor could not be ill cultivated.! 

From the middle of the XlVlh till towards the end ^ ,s ! 1,1ct ‘ oas 
of the XVth Century, the unsettled state of the King- 
dom was extremely unfavourable to the interests of,,| t Kit 
Agriculture. The unhappy rustics were not permitted pviiutL 
to pursue their toils in peace, but were liable every mo 
ment to be called from the plough into the field of bat- 
tle, by a Royal Proclamation or by the mandates of (heir 
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Agriculture, own arbitrary lords. Such multitudes of this most use- 
fill order of men actually fell in the course of war, that 
hands were wanting for the necessary operations of hus- 
bandry ; a circumstance which led, by very natural 
steps, to the high price of labour characteristic of the 
period now under consideration. Many laws were made 
to reduce wages, to compel persons to assist in the cul- 
tivation of the land, and to restrain them from following 
other occupations. In one of these Statutes it is said 
that Noblemen and others were greatly distressed for 
want of farm servants ; and therefore it was enacted that 
“ whoever had been employed at the plough or cart, or 
any other husbandry work, till he was twelve years of 
age, should be compelled to contiuue in that employ- 
ment during life ; and that none who had not lands or 
rents of the value of twenty shillings a year, should be 
permitted to put any of their sons apprentices to any 
c other trade, but should bring them all up to hus- 

bandry.' M * 

Extension Those severe laws, while they prove the existence of 
of pastures, the ev il, are known to have supplied a very inadequate re- 
medy. The scarcity of labourers still continued, and even 
increased to so greaf a degree as to produce a considerable 
change in the application and value of landed property. 
The Barons, Prelates, and other extensive owners kept 
large tracts round their castles, called their demesnes, 
which were cultivated cither by their villains, or by hired 
sonants under the direction of bailiffs. But these land- 
holders ha\ing diminished the number of their retainers 
by a succession of wars, and not being uble to obtain 
the assistance of Agricultural labour on reasonable 
terms, resolved to enclose their lands and convert them 
into pasture-grounds. This practice became very general 
about the end of the XlVth Century, and occasioned 
very loud clamour on the part of those who mistook the 
effect of depopulation for its cause. 

Invectives John llous of Warwick was a most violent declaimer 
against en- against the Nobility and Gentry who enclosed their lands ; 
closures. ;vllt \ a considerable part of his HUtory of England con- 
sists of the most bitter invectives against them on that 
account. He calls them depopulating destroyers of vil- 
lages, robbers, tyrants, basilisks, enemies to God and 
man ; assuring them ai the same time that they would 
all go to the devil when they died. This zealous op- 
poser of abuses tells us that he presented a petition 
against them to the Parliament which met at Coventry 
in the year 1459, without obtaining a favourable hear- 
ing, and that several petitions to succeeding Parliaments 
were equally unsuccessful. But although this innova- 
tion in the manner of using laud was introduced ut first 
by the scarcity of labourers, it cunnot be denied that the 
humour of enclosing arable lands for pasture was at 
length carried much too far; and we find, accordingly, 
that Parliament, at a somewhat later period, deemed it 
expedient to interpose its authority for the purpose of 
checking the progress of an evil which threatened the 
most alarming cousequcnccfi.t 

First restrio It is remarkable that at the epoch in question, al- 
liw 00111 " though corn was sometimes very dear, it was also 
AW ^ occasionally a cry cheap. In 1455, wheat was sold in 

1463 ccrt:i hi places so low as one shilling the qnartcr. But this 

' cheapness, it has been asserted, was not so much owing 
to any improvements in husbandry, as to an extraordinary 
importation of wheat from the Continent in order to 
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procure a supply of English wool. To prevent such e\- Agriculture, 
cessive influxes, which threatened the ruin of the farmer N *y-^ / 
and excited the most violent, complaints, a law was 
passed, in the year 1463, by which it was provided that 
no grain of any kind should be imported when wheat 
was below 6$. Bd. t rye under 4*., and barley under 3s. 
the quarter. These were then considered such high 
prices as to call for a supply from foreign parts.* 

But the great decrease in the value of land at this Confinucd 
period is the strongest proof of the decline of Agricul- decline of 
ture* In the reign of Edward III., there arc some ex- t ” 
ainplts of land being sold at twenty-live years’ purchase, England, 
which, it is probable, was not much* above the common 
price; whereas in the time of Edward I\*., there is the 
fullest evidence that land had t alien to a value of less 
than one half. And if Agriculture declined in Eng- in Scotland, 
laud iti those days, it wis still more neglected in Scot- 
land, as the latter Country suffered even more, in pro- 
portion to its wealth mul population, by long and ruinous 
wars. The low state of this important Art is manifest 
from the laws which were made for its improvement. 

By one of these, passed in 1424, it is enacted that, “ ilk 
man of simple estate, that sould be of ressoun labourers, 
have either half an ox in the plenh, or else delve ilk day 
vii lute of length and vii on breadth." Another law, in 
1457, is thus expressed : “ Audit the sawing of quheit, 
peis, and beinis, it is sene speidful, that ilk mail wend 
with a plcug of viii oxen, shall saw at the least ilk year, 
ane firlot of quheit, half a firlot of peis, and forty be ins, 
under the pane of \ shillings to the baroune of that land 
that he dwells in. And gill* the haronne saws not the 
said coru iu his domainis, he shall pay to the King x 
shillings .”+ 

The I*eace which followed the union of the Roses 
under the family of Tudor was iavoti ruble to many of 
the Arts, and laid the foundations of that iinpro\einenl 
which has advanced with little interruption until the pre- 
sent day. But Agriculture did not share in the general 
benefit. The practice of converting arable land into 
pasture still continued during the reign of Henry VII. 
Enclosures were multiplied, demesne lands were ex- 
tended, till the farms of most of the husbandmen were 
appropriated to the feeding of sheep; the houses were 
demolished or allowed to fall into ruins, while a few 
shepherds supplanted the yeomen, and occupied in some 
Counties the largest estates with their increasing {locks. 

But the cause most detrimental to Agriculture may be False policy 
discovered in the restrictions attending the exportation of 0 f cxclti- 
grain, and the large demand for English wool on the rive cn- 
Coutinent. At a former period the exportation of corn had couiagu- 
in certain circumstances been permitted, audits im porta- 
tion regulated by different Statutes ; but by these restric- 
tions a discretionary power to dispense with their main 
provisions was committed to the King, and there is reason 
to believe that the prerogative was seldom exerted unless 
for the encouragement of private monopolies, or lor 
giving strength to pernicious restraints. It is true that 
a law w*u; pasted at an early stage of this Monarch’s 
government, for the future support of those houses of 
husbandry to which, within three years, twenty acres of 
land had been tuinexed, and enforced by a penalty of 
lmlf the rent until the grounds should be agaiu occupied 
and the dwellings rebuilt. But it was not until it be- 
come more profitable to raise com than to feed sheep, 


* Stow, p. 39%. Statutes 3 Edward ll\ clu ii. 
f Uhtck A r ts, fol.‘ 7. . 
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Agriculture, that tlie plains of Kurland were restored once more to 
tillage. The immense flocks of twenty thousand and 
upwards, which by a Statute of Henry VIII. were pro- 
nounced illegal, gradually gave way before the dominion 
of the plough, so soon as the manufacturers of the 
Netherlands were compelled or induced to remove their 
establishments to Britain.* 

The reign of Henry VIII. is distinguished for the 
first native Work on Agriculture published in England. 
We allude to the Book of Husbandry , written by Shr A. 
Fitzherbert, one of the Judges of the Common Pleas, 
%1532. an< * highly esteemed even at the present day, as weft for 
* the judicious observations which it contains, as for the 
libera) spirit with, which it is animated. He recommends 
draining, clearing, and enclosing a farm, and gives many 
good directions for enriching the soil. Lime, marl, and 
fallowing are strongly urged. Tile landlords are arfvised 
to grant leases to those fanners who will engage to sur- 
round their farms and divide them by hedges into pro- 
per enclosures ; by which operation, he says, “ if an acre 
of land be worth sixpence before it is enclosed, it will be 
worth cightpenee when it is enclosed, by reason of the 
produces a compost and dunging of the cattle." From the appear- 
i t*v iv til, since of this book the revivsil of rural industry in England 

maybe dated. Fitzhcrbert’s remarks on live stock are ex- 
cellent, and said to be entirely applicable to the business 
of grazing in our own times. “ An housbaude can not 
well thrive by bis come without he have other caltell, nor 
by his cattell without corne. And byenusethat shepe in 
myne opynyon is the niuostc profytablest cattell that any 
man can have, therefore I purpose to speake fyrst of 
shepe.” Alter recording various precepts for “ quyek- 
s it tinge, dychingc, and hedgeying,” and 41 for a yongc 
gentlentan tliat intendeth to thrive," he gives a “ pro- 
lougc for the \vy\es occupation." 14 She must first 
make herself and himself somme clothes ; and she may 
have the lockes of the shepe eyther to make blanketts 
and courletles or bothe." ” It is a wyves occupation to 
winnowe all maner of comes, to make multc, to w asheand 
wrynge, to male heyc, shore corne, and in time of node 
to help her hu^baude to fill the inucke wayne or dottnge 
cait, dry ve. the ploughe, to loodc heye, corne and such 
other; and to go or ryde to the market to sell butter, 
clicse, inylke, egges, choky ns, capons, heuncs, pygges, 
gese, and all maner of cornea." 

Tlisllookn/ This Treatise was followed by another entitled 
inrntwg . Qf if lt > Surveying of Lands, which has likewise added 
considerably to our knowledge of rural affairs at that 
period. lie tukes occasion to mention the different 
kinds of commons that were then recognised ; de- 
scribes the sundry species of mills which were Used for 
grinding corn, including also the “ quernes that go 
with the hand;” delineates the various orders of 
tenants down to bondmen, who in wane parts of the 
Country were not yet extinct; and he concludes his 
Treatise with an inquiry how to make a township that is 
worth twenty marks a year w'ortli twenty pounds. His 
views may be learned from the following extract. 

“It is undoubted that to every townshyppe that, 
standeth in tillage in the playne country^ there be enable 
lands to plowc and sowe, and leysc to tye or tedder 
theyr horses and marcs upon, and common pasture to 
kepe and pasture theyr catell, bccstos, and shepe upon ; 
and also they have medowe groundc to get theyr hey 
upon. Than to let it be knonc how many acres of 

* Henry, vol. xii. p. 258. 


A. o. 

1539. 


errablc landc every man hath IntyHagc, ami of the same Agriculture, 
acres in every felde to ehaunge with his nevuMxmrs, and 
to lcyc them toguytlier, and to make hym one severall 
close in every fell for his errable lands; and his lev se 
in every felde to laye them togyther in one felde, and to 
make one several close for them all. And ako another 
severall close for his portion of his common pasture, and 
also his portion of his medowe in a several close by it- 
selfe, and all kept in severall bothc in wyntcr and somer ; 
and every cottager shall have his portion assigned hym 
accord yngc to his rente, and then shall nat the ryche man 
ovorpresse the poore man with his cattell; and every 
man may cate his owne close at his pleasure. And un- 
doubted, that heye and strawe that will iyml one heeste 
in the house will find twoheestes in the close, and better 
they shill lyke. For those bcestes in the house have 
short lieare and thynne, and towards March they will 
pylle and be bare; and therefore they may nat abyde 
in the fylde before the heerdmen in wyntcr tyme for 
colde. And those that lye in a close under a heydge 
liqve longe heart* and thyck, and lliey will never pylle 
nor he bare ; and by this reason the \pisbnndc may kepe 
twyse as many catell as he did before. 

14 This is the cause of this npprovment. Nowe every 
husbandc hath six severall closes, whereof in he for 
corne, the fourthe for his leyse, the fifilie for his com- 
men pastures, and the sixte lor his licve ; and in wynter 
tyine there is but one occupied with come, and than hath 
the husbande other fyve to occupy till Lento coine, and 
that he hath his fallowe felde, his leye felde, and his 
pasture felde all somnicr. And when he bathe mowen 
his medoue, than he hath his mednwe grounde, soo that 
if he hath any weyke catell that wold be amended, or 
dyvers maner of catell, he may put them in any close he 
wyll, the whych is a grete advantage ; and if all shnlde 
lye common, than wolde the edyche of the corne feldes, 
and the undermath of all th* medowes be eaten in x or 
xii dayes. * And the ryche man that hath moehe catell 
wold have the advantage, and the poore man can have 
no helpe nor releftf in wynter when he hatl^noste nedc; 
and if an acre of lande be wort he sixe pens, or it be en- 
closed, it will be worth \iii pens whan it is enclosed, by 
reason of the compostying and doiigying of the catell 
that shall go and lye upon it bothe daye and nyghtc ; 
and if any of his thre closes that he hath for his corne 
be vvorne or ware bare, tlianhe may brake and plowe lip 
his close that he had for his leyse, or the close chat he 
had for his common pasture, or bothe, and sowe them 
with corne, and let the other lcyc for a tyme, and so 
shall he have always rekh grounde, t lie whych wyll 
benre moehe corne with ly tel dongc; and also he shall 
have a grate profyte of the wod in the heydges whan ; t 
is growen ; and not only these profylcs and advantages 
before said, but he shall save moehe more than all these, 
for by reason of these closes he shall save mete, ririule, 
and wages of a shepeheerde, the wages of the hcerdman, 
and the wuges of the svvincherde, the whych may for 
tune to be as chargeable ns all his hollo rent ; an<l also 
his corne shall be better saved from catinge or destroy- 
inge with catell. For doubt ve nat but heerdinen with 
their catell, sliepoherdes with their shepe, and tiong of 
horses and mares, destroyeth moehe corne, the which the 
heydges wold saue. Peradventure some men woM s.»y 
that this shuld bo againste the commeu weale, hicau^e 
the shepeherdes, heerdmen, and swy neherdc'' shuld then 
be put out of wages. To that it may he answered, 
though these occupations be nut used, there I>e as many 
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Apiculture. new occupations that were not used before; as getting 
v**' of quicksettes, d yelling, he yd gin g, and plashing, the 
whych the same men may use and occupy. 7 ’ 

It will be enough to mention the Five Hundred 
Tusser. Points of Husbandry , by Tusser, published in the year 

Gouge. 1562; the Whole Art of Husbandry, by Googe, which 

appeared about sixteen years later ; the Jewell House of 
Sir Hugh and "Nature , by Sir Hugh Platt, and several other 

riutt. performances of a similar nature, the object of which was 

to enlighten the farmers of the XVIth Century. But 
the attention of the reader ought to be more particularly 
Sir K. Wes- draw n to a Trent iso by Sir Richard Weston, on the Hus- 
ban dry of Brabant and Flanders , for in it may be de- 
tected the seeds of the numerous improvements which 
ha\ e since been effected in this Country. Western was Am- 
bassador from England to the Elector Palatine and King 
of Bohemia ; and during his residence on the Continent 
lie became acquainted with the use of clover and pro- 
bably also of turnips, as a valuable species of food for 
cattle. His directions for the cultivation of the former, 
though objectionable in some points, are yet so good os 
to prove that they r tnusfc have been derived from expe- 
rience. It thrives best, he alleges, “ when you sow it on 
the worst and barre nest ground, such as the worst of our 
heath-land here in England. The ground is to be pared 
and burnt, and uuslacked lime must be added to the 
ashes. It is next to be well ploughed and harrowed, 
ami about ten pounds of clover seed must be sown upon 
an acre, in April or the end of March. If you intend 
to preserve seed, then the second crop must be let stand 
till it come to a full and dead ripeness ; and you shall 
have at the least five bushels per acre. Being once sown 
it will last five years; and then, being ploughed, it will 
yield two or three years together, rich crops of wheat, 
ami after that a crop of grass, with which clover seed is 
to be sown again.** 


year 1701, and wlfo, thirty years afterwards, put forth a Agriculture 
book on Horse-hoeing Husbandry. From an unhappy 
tone in his manner of writing, as well as from an undue 
degree of opposition to the usages of his day, his Work 
made less impression than it ought to have produced in 
an Agricultural Country. Hence it was not until 1780 
that the present method of drilling and horse-hoeing 
turnips was admitted into Northumberland ; at which 
time it was borrowed from Scotland, where the farmers 
had ‘the merit of first adopting Tull’s management of 
this* valuable root, and whence it made its way but 
slowly into the more Southern parts of the Island. \ 

In regard to the Agriculture of dearth Britain, it has Airier- ' 
been suspected that the accession of .fames I to the tnre >>1* 
English Crown was unpropitious to it in the first in- St -' utla:Kl 
stauce, not only because many of the Nobility followed 
their Sovereign, and vfere thereby led to n.'gKct tin-ir 
native soil, but also because the increased expuiditiue 
of the landlords in a more wealthy Country give rise to 
various exactions on the poor tenants. The residenu 
of Cromwell’s army, however, Northward of the T' red, mlorthc. 
during several years of the Protectorate, did men* than iotcct.-i- 
counterbalance the evils arising from the absence of a llk ‘* 

Court. The soldiers, being chiefly English yeomen, 
were necessarily well acquainted with the practice of 
husbandry; and, like the Romans of old, they showed 
themselves ready to enlighten the people whom they 
had subdued. Hence it has been remarked that the 


low country districts were, at the eve of the Restoration, 
in a higher state ot improvement than they had attained 
since the death of Alexander III. In the Counties of IMintw 


Lanark, Renfrew, Ayr, and Kirkcudbright, the rents of *‘ ,,u <! '- 
various estates were higher than they were seventy 


years afterwards ; n fact which may be accounted for by 
a reference to the disturbed condition oft lie Kingdom 


under the last two Monnrchs of the Stuart dvnastv. 


To Blythe, who publish*! in the time of the Com- 
monwealth, is due the first hint of a rotation in crops, 
or at least of the advantage which may be derived from 
alternating (Mover and turnip with corn on the same 
field. All the manures now in use were well known in 
hK days, especially lime, on which he set a great value 
as an ingredient of fertility. A great improvement had 
likewise taken place in the implements of husbandry. 
A machine is mentioned which ploughed, harrowed, 
and sowed at the same time. The following note will 
amuse the curious reader. “ It is not many years since 
the famous city of London petitioned the Parliament of 
England against two nuisances or offensive commodities 
which were likely to come into great use and esteem ; and 
that was Newcastle coal in regard of their stench, and 
hops in regard they would spoyle the taste of drink and 
endanger the people.” 

The names of Hartlib, Markham, Mascall, Ray, and 
UM?iyn, Evelyn are familiar to every render on Agriculture, or 
on rural economy at large. The Syfva and Terra , of 
the last of these authors, still retain a merited reputation, 
lii fact, the improvement which took place in the 
management of land in this Country, from the reign of 
James II. down to the middle of the last Century, was 
not very great ; and hence the writers on husbandry 
between the period of the Revolution and the accession 
of George 111. are not, generally speaking, superior to 
those who published nearly a hundred years before 
them. The chief e xception to this remark applies to 
jethr.* Tull. Jethro Tull, a gentleman uf Berkshire, who introduced 
the practice of drilling wheat and other crops, about the 


A succession of bad seasons immediately after the H evo- 
lution, increased the distress of the Scottish fanner, which 
was still further aggravated by the insurrections of 171.) Gradually 
and 1745. After the lart of these attempts to restore 
the exiled family had exhausted the zeal and- means of 
the Jacobites, the Government of tho Country was con- 
solidated, and the sources of her improvement again 
opened up. Since that period the husbandry of Scot- 
land has advanced regularly and steadily, si' as now ♦ > 
bear comparison, local circumstances considered, v ith 
that of any Nation in Europe. Since thivyenr 1 7Sf> in 
particular, when the contest with our American Colonies 
wus terminated, the interests of Agriculture have been 
promoted with astonishing success ; and while the rent- 
rolls of proprietors have been doubled, tripled, and even 
quadrupled, the condition of the tenants and of the 
peasantry in general has been meliorated in a corre- 
sponding degree. t 

Wc believe the first Association for the improvement a K : ic, ‘ i “ 
of rural affairs was formed in Scotland in the year 
1723; at which time a number of landholder; con- 
stituted themselves into a Body, under the tit 1 oi' the 
Society of Improvers in the Knowledge of Agriculture. 

The Select Transactiofis of this fraternity were published 
in 1743, and exnibit an accurate acquaintance with the 
best modes of conducting the various processes of farm- 
ing at that time pursued in the most enlightened parts 
of Europe. This example was followed, at a more 
recent date, by the Bath and West of England Society, 
and by the Highland Society of Scotland. The 
Rational Board of Agriculture derived its origin from 
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. Apricnltuie. similar views : but as such Institutions are usually better 
conducted by the voluntary labours of individuals than 
by the official Members of Government, the Crown has 
tor some time withdrawn its patronage. The same 
object is perhaps equally well accomplished by the 
general circulation of knowledge through the medium 
and iml'li- of the Press. The numerous Farmers' Magazines and 
• cations. Agricultural Journals , while they attest the interest 
which is taken in this important pursuit, make known 
over the whole Empire the result of every experiment ; 
for, it is worthy of remark that, iit this branch of indus- 
try there are neither secrets nor privileged discoverers ; 
every one communicating to another whatever new views 
* accident or resonrch may have brought to light. 
liirrMit \y v s j j:i || conclude this Historical sketch with an ex- 

S \ n i ul lrom a communication to the Quarterly Journal 

iuu-\nt]ie of'Asr/tftht/rt, relative to the decent condition of "hus* 

* i n! iHutuf bandry on t he Continent of Europe. The author, Mr. 
biiM \x\ Boswell, had just finished an extensive tour in France, 
Holland, Swisscrland, Italy, uud Spain, and as he 
appear* to possess a practical knowledge of the subject 
on wl.ii h he writes, his remarks are not without consi- 
derable value. “ That the Agriculture of Britain/’ says 
he, “ i* superior to that oi the Continent, or indeed, ot 
llu* whole World, every one must admit who knows any 
thing of the matter; but to explain the causes of this 
superiority may not be a matter of so easy discovery. 
Our climate, at leust in Scotland, is bad ; our soil is by 
no means uniformly fertile, and there are other causes 
which at first sight seem to put a vei l uii improvement 
in the Art of Agriculture ; yet with all these disadvan- 
tages to contend against, it cannot be denied that we 
have i ben Mipenor to all the World. Of course I make 
this broad assertion on the authority of those w ho have 
visited the other quarters of the Globe. For my own 
part, it has been my lot to see a considerable part of 
Southern Europe, and comparatively speaking I am sale 
in (saving that I have never yet seen a well-drawn furrow 
or dull by a foreigner. I make use of the word 
foreigner, because in visiting Xeres de la Fronteira, in 
the Winter of 1809, T was shown a very beautiful crop 
of luruips with drill* drawn in the most masterly style; 
but these were found on inquiry to have been made by 
East Lothian ploughmen, brought to the Peninsula by 
my kind host Mr. Gordon, whose exertions for the im- 
provement of that part of Spain were neither known nor 
rightly rtftyreqjnted by that stupid and tyrannical Govern- 
ment. In making this statement some may set me 
down as one of those prejudiced people who in a John 
Bull sort of way will not allow any merit to exist out of 
this little Hand. But I wish it to he clearly understood 
that my remark is intended to apply only to the depart- 
ment of Agriculture, or rather to the operations of the 
ploughman, for I have frequently seen more beautiful 
specimens of spade culture abroad than in our own 
Country : this, * however, more properly belongs to 
Horticulture. On the Continent their implements arc 
so defective that it is impossible the work can be well 
performed ; hence, wherever there is a dense population, 
aiul the petite culture, as the French call it, is followed, 
there one commonly finds spade-work exceedingly well 
done, particularly where the vine 19 cultivated : but the 
moment they farm on a large scale it is execrable. I 
scarcely know where to say that the Agriculture is the 
worst. It seems to be in an inverse ratio of the good- 
ness of the climate and fertility of the soil, that the farm- 
ing is bad. In the States of the Pope, where the soil 
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and climate cannot be excelled, I ihiuk I may say it is AeiienUere, 
the worst. I 11 all my wanderings, with ime Military v j T - 
exception, at Kofwyil near Berne, 1 may imU s ;iv \ 
have never seen a plough! A clumsy thing mmle (it a 
few pieces of bent wood, fastened together with nm* or 
two hobnails, is used lor tilling, and alt hough tins im- 
plement varies in form in diU'erent Countries it is every 
where equally remote from the plough of this Country, 
constructed in the manner which Science jioiuls nut to 
be the best. With such a tool as I have described to 
Htir the soil, it is almost supeifluotis to say that the work 
more resembles the pastime of a herd-boy, or pigs hunt- 
idg for t mines, than the woik of a Norfolk or a Scotch 
ploughman. Over a great part of the Continent, the 
barrow is an implement not even known. In some 
parts of Flanders, on the Rhine, in Prussia, and Ger- 
many, they use what they call a harrow, a small trian- 
gular frame of wood into which are inserted a few wooden 
pins. Wretched, however, as it would be esteemed by 
our farmers, it is a refinement in Agriculture not known 
on the fertile plains of Spain or France. c»n the wide- 
extending Campagna di Roma, or jn the farming of 
Calabria, where they either plough down the seed, or not 
unfrequcntly cover it by throwing curth upon it with an 
implement in form between a hoe and a spade, leaving 
the ground, when the operation *s finished, in long beds, 
such as those in which the gardeners grow onions. 

“ The best farming on the large scale which I have 
seen is in Flanders, uear Wutetloo, and in the adjoining 
part of the Country ; but it is clumsy, and performed 
with very defective instruments. In Tuscany the soi* 
is by fur the bebt cultivated ; but it is generally speak- 
ing in small holdings, and the greatest part is done by 
meuual labour ; although they also use the plough a 
good deal, making the oxen work close #0 the rows of 
vines, which border every field, and which they are 
prevented from eating by a slight muzzle of basket-work 
hung in their noses. The Tuscan plough W not nearly 
so rude as that made use of in many other Countries ; 
and the Tuscan Agriculturists are even acquainted with 
our method of opening* drills, putting in manure, and 
then closing them with the plough. Taking you 
Northward by a very rapid journey from this part of 
Italy to Berne, J shall say a few words respect) ng 
Hofwyil. Here the British Agriculturist, who visits 
the farm of M. Fellenberg, is surprised to find not 
only all the newest and l>est improvements in Agricul- 
tural implements, as used in Great Britain, but many 
invented by himself, and constructed at llofwyil, which 
surpass in simplicity and beauty the best I have seen at 
Ilolkhum. I was particularly pleased with a corn- 
driller, which hud a dial and index to show the ground 
gone over ; thus possessing the double advantage cf 
showing the work done by the horses, and the quantity 
of seed used per acre. This iurm is like the most, 
beautiful garden as to neatness, and being free from 
weeds. All that is done by the spade ami hoe is capital, 
there can be no better work. But if I, who was well 
acquainted with the furming of East Lothian, felt the 
greatest surprise on first seeing the correctness, I might 
say the mathematical precision of the drill-husbandry of 
Holkham, what would be the feelings of M. Feilen- 
berg, if he could see and compare that nv plus ultra of 
good workmanship with the bungling pci fori nance 
of his own poop 1 *, provided as they are with Mich admi- 
rable tools ta work with ? 

“ There 19 one feature in the Agriculture of the Con- 
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AgiicuUnre. tine nt which ought to be adverted to. In this Country, 
when we read an account of any other part of the World, 
and are told that it is all enclosed, we naturally imagine 
to ourselves cattle feeding quietly, or corn growing in 
separate fields. But how sadly disappointed is the 
British traveller to discover the mistake into which he 
has been led, aud to find that the .enclosures, where 
there are any, have been formed, not to keep in, but to 
keep out cuttle. If one of our Countrymen land in 
Holland, and behold the beautiful meadows full of the 
finest cattle, he is led to think that things are not very 
different from wlmt he lias been accustomed to at home. 
But he must very soon change his opinions, for he 
quickly gets into a Country where there is nothing but 
the soiling system known or used; and if he proceed 
Southward he will not see another animal in a field, 
till, alter a journey of hundreds of miles, he reach the 
Pontine Marshes between Borne and Naples. In some, 
places, indeed, they drive them out in the daytime to 
pick a few weeds in the lanes, or on the outsides of the 
enclosures, which are generally a ditch and a bank of 
earth, made very^lecp, and smoothed with the back of 
a spade when the mud is wet; ami in some moun- 
tainous districts, such as the Tyrol, one sees herds brows- 
ing on the sides of tile steeps, but it is generally at such 
a distance that, except to fill up the beauty of the land- 
scape, the sight of them is noway useful to the inquiring 
Agricult uribt. Sometimes, late in the evening or very 
early in the morning, one may, from the window of a 
xillage inn, get a passing view of the kine ; diui most 
peaceful is the sight, while the varied sound from the 
bell, or rather canister, which hangs appended to the 
neck of each, forms most appropriate and pastoral 
music. Hut on descending again to the plains, the 
soiling plan is once more found to be the only one of 
treating live stock; a method which, however well it 
may answer as to gammg^lung, is certainly bad for the 
cattle ; for 1 have observed that where the soiling system 
is followed, they are universally poor-looking, knock- 
kneed creatures of very small size. In Holland and in 
the Pontine Marshes, oil the contrary, where they feed 
on the sward, they are very fine. 

“ Ori comparing the Agriculture of the Continent 
with that of this Country, we are indeed struck with the 
miserable manner in which the operations of the plough 
and harrow are conducted ; but the great deficiency is a 
total ignorance of what we call green-cropping on the 
large scale. It is true that both potatoes and turnips 
are used in the different Countries ; but I have never 
seen them properly cultivated, aud, consequently, never 
approaching to a full crop. In Flanders, Prussia, 
Germany, und in the Swiss cantons, there is no one 
who holds land but grows a portion of potatoes : but 
they are planted either by the ham! on a fiat surface, or 
put in witii a spade, so close that, instead of horse- 
hoeing, it is wonderful to me how they can get them 
hand-hoed ; the consequence of which is that the pota- 
toes never reach the size of a common egg. But the 
measure of had farming is filled up by the rude method 
adopted for thrashing out the corn, still making use of 
cattle or horses, at least in nil the Southern parts of 
Europe, to tread it out as we read in the Scriptures.”* 

* Quarterly Journal of Agriculture, May, 1828. vol. i. p> 189. &c. 


On the Theory of Agriculture. Agriculture 

Although Husbandry is an Art which has been Customaiy 
carried on from the earliest Ages by a greater number of c |f 
people than are concerned in Any other, yet even at this 
advanced period, the speculative Agriculturist may hi xhcurics. 
some measure be viewed as remaining without any 
fixed principles on which to found his precepts. Instead 
of resorting to practice, and thence forming a satisfac- 
tory Theory, writers on Agriculture, in numberless in- 
stances, have amused themselves without instructing 
their readers by presenting abstract opinions on this im- 
portant subject; not reflecting that every kind of Theory 
which is not built upon extensive experience, is fallacious* 
and sometimes positively absurd. According to the 
method adopted by these authors, he w ho argues mo-t 
ingeniously must necessarily be regarded as coming 
nearest to the Truth ; and his doctrine will, therefore, 
be considered as the standard until some other shall 
startup, whose eloquence may prove more persuasi\e f 
and whose notions may be held more plausible. This 
has been the fate of all Philosophical conclusions on this 
subject, since the earliest times. For example, how 
numerous and diversified are the sentiments of Them isH 
respecting the food of plants; although it is a on lain 
fact that the most acute Naturalist can no more account 
for the germination of a single grain of corn, than he 
can explain the mysterious grounds on which he himself 
enjoys a rational existence.* Without, therefore, stop- 
ping to inquire whether the gaseous substances, oxy- 
gen, hydrogen, in fheii separate state, or a combination 
of them in the fonn of air and water, or the oxides of 
those metallic bases which give rise to the various 
earths, constitute the pabulum of the vegetable species, 
it may be remarked that the dullest farmer knows suffi- 
ciently that if he drains, cleans, and manures his laud iu 
a proper manner, it will yield him as good a crop as the 
soil is constitutionally capable of producing, provided 
Physical circumstances, such as heavy rains, excessive 
droughts, or furious winds do not prevent Nature from 
discharging her usual functions. As we neither have 
the command of the essential elements which minister 
to vegetation, nor can order the Sun to display his 
beams, nor the atmosphere to afford genial gales, nor 
tlie clouds to drop refreshing showers, httle benefit 
could accrue to the operative husbandman were even 
the curtain of Nature draw n aside, and* our eyes per- 
mitted to roam at large over a field which may justly be 
regarded as forbidden to Man. Under these impressions 
we arc inclined to consider all abstruse disquisition, 
respecting the Chemical properties of Matter, the Physio- 
logy of plants, and the structure of their several organs, 
as rather out of place in a Treatise on Practical Agricul- 
ture. Regarded as a Science, indeed, there is no absur- 
dity in connecting it with every other branch of investi- 
gation which has the analysis of matter for its object. 

Nay, in a certain sense it might be made to derive light 
and assistance from Astronomy, Anatomy, Mechanical 
Philosophy, and Pharmacy ; for the cultivator has to 
study the seasons, the corporeal qualities of the horse, 
the composition of forces in the application of its 
strength, and the effect of drugs in repelling its disease. 

But it is obvious that similar argument might he used 
for the necessity of scientific knowledge in all the other 
departments of human industry, inasmuch us every 
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Agriculture. Art that is practised, even by the most ignorant opera- 
Wyw live, has a dependence more or less remote upon Philo- 
sophical Principles. Besides, Agriculture, above all other 
Arts, is founded on experiment, and has uniibrmly de- 
rived its most important improvements from trials judi- 
ciously made and carefully repeated. The man of 
Science, in this case, only follows and discovers, or en- 
deavours to discover, a reason for the successful result 
which has been already ascertained ; and, by generalizing 
the truth implied in some particular fact, he perhaps aids 
the application of it to a greater variety of object*. If 
there be any branch of Physical research which* has a 
peculiar claim to tlic attention of the Agriculturist, it 
may be conceived that this distinction belongs to Che- 
mistry ; the means supplied by which are so efficacious 
for analyzing soils, detecting the qualities of manure, 
and determining the composition of the vegetable pro- 
ducts. But it is well known that very little reliance can 
be placed on the best-conducted Chemical process lor 
ascertaining the properties of land, or its fitness for par- 
ticular crops. The eye of an experienced farmer is much 
more to be relied upon in the selection of a field, than the 
report of the ablest Lecturer who ever used a test, or pre- 
sided over a ^crucible. In many instances it would not 
be more hopeless to undertake the estimate of a man’s 
temper and talents from the weight of his body or the 
tint of his complexion, than it is to fix the precise quali- 
ties of the several portions of a farm, by subjecting a 
specimen of the soil to the operation of an acid or an alkali. 
Causes of We mean it not to be inferred from these observations 
Hu- failure that the Principles of Science are inapplicable to the 
advancement of Agriculture. On the contrary, we arc 
satisfied that every step which is gained hy the Philoso- 
pher in his acquaintance with the composition and powers 
of Matter, whether in its solid or gaseous form, will ulti- 
mately produce an effect in extending the empire of Man 
over the elements of Nature, and thereby add to his 
wealth and comfort. Our remarks have no other object 
than to establish the important maxim, that the labours of 
the husbandman are directed by Principles so simple that 
his success w ill never be found impeded hy his ignorance 
of the refined disquisitions of the Physiologist or Chemist. 
For example, were he at a loss to determine the effect of 
bone-manure, of rape-cake, of nitre, or of kelp on a 
piece of laud, he could not have his doubts resolved by 
consulting the most learned Work on the Philosophy of 
Agriculture* because the action of these substances de- 
pends entirely on circumstances which cannot be brought 
under any general description or reduced to one rule. 
The rape-cake might suit one part of the field, and the 
nitre might answer better for some other part of it ; and 
yet so far as Chemical analysis could proceed in deciding 
the question, the soil of the whole would probably be de- 
clared homogeneous and fitted for one system of manage- 
ment. The points which give the distinguishing cha* 
ractcr to a section of arable ground, must in general be 
sought for under the surface. The subsoil has a great 
influence in aiding or counteracting the effect of manure, 
and in requiring a greater or less quantity of labour; 
perhaps the Geological structure of the^urrounding plat- 
form interposes an energy which may assist in defeating 
or promoting the intentions of the cultivator; and the 
mineral bodies which lurk in its recesses may contri- 
bute their share also in covering the face of the country 
with a plentiful harvest, or in blasting it with sterility. 
Hence it is universally admitted that no man is so 
unlikely to prosper as a speculative farmer. The failures 
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Which have almost constantly ensued amo Scieiltific Agriculture 
projectors, who set at naught the lessons (J f experience 
have created in many parts of the country an undue 
prejudice against all change, c\en when It wears th e 
aspect of a manifest improvement. To the sumo 
cause must be ascribed the little success which mi tm,.i 
cases attends the processes of gentleman-farming ■ i,. r 
besides the greater expense incident to the different -l\lc 
of living among the servants, there is a natural tendency 
in every educated mind to promote the Arts l>\ the aid 
of experiment. 

The safest Theory of Agriculture, therefore, i* that w hicli Three safest 
comprehends those Principles only which have been Pnm-1 r i ^- 
confirmed by observation and long practice ; such, lor 
example, as that the soil should l>e well drained, or kept 
free from all superfluous moisture; secondly, that it 
should be kept clean or free from all noxious weeds ; ami 
thirdly, that it should be kept rich, or in other words * 
that every particle of manure which can be collected 
ought to he applied, so that it should he retained in a 
state capable of yielding good crops. 

In the first place, the necessity qf preserving the land 1. Draining, 
in a dry state is so obvious, that few argument*^ will be 
required in support of this preliminary Principle. When 
ground is allowed to remain wet, which may be occa- 
sioned by springs in the undersoil, or by rain-water 
stagnating on the surface, the earth becomes sour and 
thereby extremely unfavourable to the growth of plants ; 
and often in the first instance prevents either ploughing 
or harrowing Trout being successfully accomplished. 

Under such circumstances the young plants, whether of 
corn or grass, appear yellow ami sickly, ami never 
assume fhul vigorous aspect which they exhibit in fields 
properly drained. Besides, manure fails fo produce its 
wonted elfect when the land is drowned by water fmrn 
above or from below. In fact, without attention to this 
essential operation, ueithcr’can arable land lie perfectly 
managed, nor can good crops be raised. Perhaps the 
progress of farming in any particular country may be 
more correctly estimated by the care bestowed upon 
drainage than by any other mark whatever. 


In the second place, the benefit derived from keep- 2. "Weeding, 
ing the soil free from weeds is equally beyond dispute. 

Weeds, it has been remarked, whether animal or peren- 
nial, may be regarded as preferable creditors of the land, 
who will reap the first advantage of manure if allowed 
to remain in possession; their lemoval, therefore, forms 
an important object of the husbandman’s attention. With- 
out detailing in this place the most effectual means for 
effecting that purpose, it may be asserted, that in propor- 
tion to the success which follows the u^e of the means 
employed, so will the goodness or badness of the crop 
be determined. If the nutritive powers of a field be ex- 
hausted by w eeds, or by such plants as the soil naturally 
produces, it is impossible that the aititicial plants l:ui 
prosper. It rarely happens indeed that the native.- me 
altogether extirpated, even by the most '-editions i.i, mer ; 
but it is true, nevertheless, that upon the smallness «»f 
their number depends the amount of the remm wlnJi 
the Earth makes to Man for the toil bestowed upon its 
cultivation. 

Ill the third place, the necessity of restoring to die .1 Manur- 
land, in the shape of manure, the feifility or power's of mg. 
production, drawn from it by a succession nf ciops. is 
acknowledged by every one, except the disciples of 
Jethro Tull, if there be any of that School m>w remaining. 

Manure, in fact, is the most powerful agent in the hands 
n 
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^culture, of the farmer ; and the attention bestowed upon collecting 
preparing, and applying, constitutes an important branch 
of the Art which lie practises. IVrhaps in the practical 
details connected with this general Principle, Agricul- 
turists are more deficient than in the duties which re- 
spect the two others ; and here the advantages of Chemical 
knowledge will be recognised by many who, on the 
whole, are not friendly to its more speculative tenets.* 
Obvious In those fundamental Principles we have omitted the 
necessity of operations of tillage, because the veiicst Savage is aware 
tillage. fhat the surface of the ground must bo scratched Indore 
the seed is deposited into it. An expert farmer is con- 
vinced that Indore a piece of land can be exacted to put 
forth its strength, it must be well pulverized, and ex- 
posed to the action of the sun and air; but as this is one 
of the processes which must be taken for granted, and 
belongs rather to the Practice than the Theory of Agri- 
« culture, we shall proceed at once to discuss the more im- 
portant parts of the subject on which we have entered, be- 
ginning with a consideration of the different kinds of Soil. 

Sail. 

• 

Compos!- Soil may he defined to lx* that layer of loose earthy 
tioii anil matter ‘which constitutes the upper covering of the 
loimati'.n. (JJobe, a I K nils a stratum to the roots of innumerable 
tiihes of vegetables, and supplies them with nourishment 
to promote their growth and bring them to maturity. 
It consists of the primitive earths which enter into the 
composition of the prevailing strata or rocks, from the 
disintegration of whieli it is obviously formed. The 
succeeding layer on which the vegetable Soil reposes, 
w hatever be its nature, whether it be composed of less 
coherent or of more solid materials, is usually distin- 
guished by the name of undersoil or subsoil. We have 
said (hat the upper coaling, which ministers to vegeta- 
tion, is derived from the decomposed ingredients of the 
rocks or strata oil which it rests, or of those in the im- 
mediate neighbourhood, the debris of which is conven'd 
by means of water. The formation of Soil is, indeed, a 
beautiful process carried on by Nature, and is accom- 
plished In i he combined influence of moisture and tem- 
perature on the rocky giidle of the Earth. The changes 
^wliich take place in this Physical metamorphosis succeed 
each other with more or less rapidity, according to the 
nature of the rocks and the power ol the agents which 
operate in their decomposition. In a warm country and 
moist climate where vegetation is vigorous, it proceeds 
with astonishing celerity ; but in the colder regions of the 
Earth it advances with slower and more progressive steps. 
Hut whatever may be its progress, the hardest rocks, as 
well as those of less durable and less coherent materials, 
are subject to disintegration and decay, contributing, as 
they dissolve, to the formation and increase of Soil. 
Progress. By observing what is daily taking place around us, 
it is not difficult to trace at least the first steps of this 
process, by which in the course of Ages the hills are 
lowered and the vallgys are exalted. A hare rock when 
it is uncovered, or a muss of stone which has been lately 
dug from the quarry, when fully exposed to the air, soon 
loses its fresh appearance and assumes a different aspect. 
When this change is investigated it is found that the sur* 
face of the stone is covered with a thin crust, of a sub- 
stance very different from the stone itself. A eloser 
inspection shows that this crust is a vegetable production 
belonging to the tribe of plants known by the name of 

Brown on Rural Affturs, vol. i. p. 72. 


lichens, and supposed, perhaps from ignorance or the Agriculture, 
want of means to examine them, to be less perfect than 
other plants. The seeds of course arc extremely minute, 
easily wafted about by the wind, and floating in the 
atmosphere attach themselves most readily to those bodies 
which are somewhat moist. Porous rocks, which are 
must apt to absorb moisture from the Earth or from the 
Air, are the first on which licheus make their appearance. 

By means of this vegetable covering, a larger portion of 
moisture is absorbed, and a smaller jxirtkm of what rises 
through the rocky substance from the Earth is lost by 
evaporation : this affords additional nourishment and 
increases the power of vegetation. % thin layer is soon 
detached from the surface of the rock and seduced to the 
earthy form. The first vegetable productions, in the 
change of the seasons, decay ; and hence the first thin 
stratum of Soil is fornidU by the decomposition of the 
vegetable matter and the disintegration of part of* the 
mass of stone in which it was produced. Plants of a 
larger size and more vigorous growth, whose seeds 
arc carried about in the air, find a fit receptacle in this 
mixed mass for their vegetation and growth. They 
in their turn decay, and contribute a fresh portion of 
vegetable substance, while another accession of earthy 
particles, derived from the stone, is made ft> the general 
mass. Insects und worms which make their abode in the 
earth or ill plants, in the progressive changes to which 
they tire subject and in the various stages of their exist- 
ence, deposit animal remains in the places which they 
frequent ; and these also serve to incrcu*>e the quantity of 
organized matter in the new Soil. Tracing the operation 
of these causes in the production of fertilized earth, we 
see the iiuumer in which the mu face of the ground is pre- 
pared for the reception of innumerable species of plants. 

Ever} kind of rock even of the hardest and densest ITfwregu* 
nature is subject to this change. The purest rock crystal latcrf, 
when exposed to the weather is deprived, in no long 
period, of its brilliant lustre and fine polish ; but the ex- 
tent and rapidity of the change, we need not nmark, 
correspond with the nature of the rocky substance and 
the heat and moisture of the climate. In the warmer 
regions of the Earth the surface of a hare rock is soon 
converted into friuble earthy matter, covered with verdure 
ami clothed with trees; but in colder climates, as has 
been already remarked, the process is slower as well as 
more limited. The vegetables which spring up are of 
smaller size as well as of more tardy growthpuud thus af- 
ford a more scanty contribution to the formation ol Soil. 

It is obvious from what has been just stated, that the Different 
diversity of earthy matters contained in the Soil must modifica- 
dqieml on the constituent parts of the rocks from which t * on8, 
it is derived. Rocks in which the prevailing ingredient 
is silicious earth, afford a. sandy Soil ; those rocks, again, 
in which alumina, or pure clay, predominates, yield a 
chi ’ey Soil ; while calcareous earth abounds in the Soil 
which in formed of the detrition or decomposition of 
limestone locks. But the Soil formed by this process of 
disintegration and Chemical affinity, does not always re- 
main on the spot where it is at first deposited. On the 
contrary it is carried by floods from the higher to the 
lower grounds, where it is gradually lodged, and on 
which, in a succession of Ages, it forms a thick bed. 

When the earthy matters are swept away hy rivers with 
a slow current, they are deposited on their flat hanks or 
at wide estuaries. In this way some of the richest Soil9 
have been formed. The fertile lauds at the mouth of 
the Nile, of the l’o, of the Thames, and the Forth pre- 
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Agriculture, sent examples of this result. Gravelly soil, on the other 
hand, draws its origin from those rocks whose lofty 
precipices are exposed to the weather; but especially 
from such rocks as have many fissures and cavities, and 
thereby retain water iti their bosoms. This water when 
it is near the surface is frozen in Winter, and by its 
expansive force when passing into ice, separates and 
throws down immense fragments. These masses, broken 
in their full, are reduced to pieces of still smaller magni- 
tude by the current of rivers, or the agitation of lakes 
through which they are sometimes carried by thj? rush 
of a mountain .strciyn. In the progress of those changes 
which the face of the Earth every where exhibits, the 
river change* its course, the sea recedes or advances 
upon the land, the lake is dried up, and the bank of 
gra\el becomes dry ground. The seeds of vegetables 
fall on its surface, grow up, and decay ; these are suc- 
ceeded by other generations which run the same course ; 
a portion of earthy matter is obtained from the stones 
on which the vegetable remains arc deposited, and, 
being inked with the loose fragments, form at length a 
Soil which invites the culture of the husbandman. 

Jttlccts pio- A moist climate and water stagnating in low grounds 
dneed liy have a powerful effect in modifying the Soil. In elevated 

v-aior. situations the chilling influence of cold permits only 

plants of a coarse and luirdy character to come to inabi- 
lity ; when they die the same causes prevent or retard 
their decomposition ; and in such places the Soil consists 
of a mass of half-decayed roots and stems of different 
species of heath and sedge-grass, with which it is almost 
entirely occupied. This is the origin of moorish Soils. 
In places, again, where water lodges permanently, a dif- 
ferent race of plants is produced. The Ijog-moss, or 
Sphagnum palustrr , first makes its appearance ; a new 
race of the same species succeeds ; other specie* and 
plants of a different character find a convenient station 
in the floating mass ; and from the accumulation of in- 
numerable generations of various kinds of vegetables in 
a state of imperfect decomposition, peaty or inossy Soil 
demes its origin. 

Occasion- d besides the ingredients already mentioned, which may 

in^n-ihcata be considered as the base of different Soils, other sub- 
ft Soil. stances enter into their composition. Some of these 
(as magnesia, which is sparingly met with in Soils, and 
contain other metallic substances with which they 
are impregnated) are understood to have originally 
existed in tht rocks from the disintegration of which the 
land has been formed. Saline mi ne nils, too, which are 
sometimes found in cultivated grounds, have the same 
origin, though they are occasionally deposited by the 
water of' springs as it filtrates through the Soil. The 
stratum which immediately supports the surface layer in 
which vegetables grow, is distinguished, as we have said 
above, by the name of subsoil. It sometimes happens 
that, this undersoil is composed of the rock which fur- 
nished the materials for the Soil itself; but it more fre- 
quently consists of a bed of gravel, or clay, or sand. A 
know ledge of the nature of the subsoil is of no small con- 
sequence in conducting improvements in Agriculture. 
It is often the best guide in draining; and in the opera- 
tion of tdlage, when it is within reach of the plough, it 
may be avoided or partially turned up, ns the ingredients 
of which it is composed when mixed with the Soil arc 
found to be beneficial or otherwise. 

Classifies Hence it appears that Soils may be classed under the 
non. several heads of clayey, sandy, gravelly, and peaty or 
inowsy. There is a fifth, which, from its quality, has 


been denominated loam, and from it* history or origin AgricuHw*. 
has pot the name of allmial. The principal of these "as s — v— ' 
we have already suggested, are from the deposition^ 
rivers or of the sea, and are generally rich ehi\s fully 
impregnated with animal matter in a state «>f compile 
solution. Peat, by good management, has sometime? 
been brought to the condition of loam, and rendered ex- 
tremely well suited to the culture of what arc called the 
tul>erous-rooted plants. It is dark in its colour like the 
richest vegetable mould, and to the inexperienc ed etc may 
pass as such ; but still, unless greatly corrected in Its tex- 
ture by the application of the firmer earths, it is found 
upon trial tube porous and loose, too easily saturated with 
moisture and too easily freed from it. In this improved 
state, however, it will yield bulky crops of oats and barley, 
although the quantity of grain doCs not always correspond 
to the weight of the stem or the quantify of the straw. # 

The simple nomenclature just given is perfectly intel- Uselessness 
ligible to the practical farmer, although, perhaps, in a a more f 
Scientific point of view, it might be rendered more com- Sai ' nt, |j c 
pleto by adopting the language of the Schools. The t n l ^ cnCl,, “ 
clayey, sandy, gravelly, and peaty *>ils might be termed 
genera, and again divided into species and varieties . 

But it is thought better, in the mean time, not to disturb 
the ordinary speech of the fields and farm-yard. As our 
knowledge of the composition of Soils increases, we may 
hope to attain a more scientific nomenclature founded on 
that knowledge ; but nothing of this kind that has yet 
been attempted can be regarded in the smallest degree 
as a substitute for the apparently inartificial division* of 
the practical husbandman. lie chiefly regards Soils 
with reference to their fertility and the means of culti- 
vating them ; and if they are not classed conformably to 
these views, the arrangement will fail in the main pur- 
pose contem plate* 1. Some continental writers of emi- 
nence have adopted a very complex system of terms as 
applicable to the different, lands of land ; but they are 
such as the practical farmer will at once perceive to 
afford no assistance so far as regards the details of his 
business. What, for example, should we think of a Soil 
said to belong to the class Secondary ; of the 01 der 1'arths 
with organic remains ; of the genus Coal ; ol the species 
Pyritic ; of the variety Black ; and of the subvariety 
Moist ? Such a nomenclature mat amuse in the Study, 
but can direct to no useful practice out of it. Some 
writers oil English Agriculture, more practical than *pe- 
culative, have, on the other hand, deviated into an error 
not less perplexing than that now alluded to ; for, b\ an 
unnecessary mixture of local descriptions and phrases, 
they hate rendered their Works almost unintelligible to 
those who live beyond the confines of a particular dis- 
trict. They have moreover confounded genera, species, 
and varieties. Garden-mould, for instance, is given a* a 
distinct division of Soil, in the same sense in which chits 
sands, and gravels are said to be so. But gaiden-mouid 
is merely loam, which, as has been already ob^emd 
included in one or other of the classes uhotc-mciit omd. 

Chalk, too, is described as a separate class. Bm iii.dk, 
as every one knows, is the subsoil and not the * s oil : ami 
we may usseit that in Countries \\ here this loinumi'i 
exists.no Soils are to Ik' met with which may not hen-m- 
prehended in the divisions already git cm, uceni ^ Ocrumnvi* 

clay, gravel, or sand predominates in their rompo ' 1‘iogit.iUc 

We have said that Soils are principal!) cein;e‘.d ol nil amiiuL 
the comminuted earths, which form tin* mu slum* 1 *>J the uu*!ti. 


* Quart* rf $ Journal of .i^ncttfune »ot. i. J’ dl 
l) :i 
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Agriculture, rocky masses which are observed to encircle the Globe. 

v — 1 ▼ J These are silica, alumina, lime, and magnesia, which arc 
sometimes found in a pure state, but more frequently 
combined with acids, alkalis, and oxygen, one of the 
component parts of atmospherical air. Vegetable and 
animal matter, too, in a state of decomposition, forms 
an essential ingredient in all good Soils. The former 
exists in very different states, containing a large propor- 
tion of carbonaceous substance, and yielding no vola- 
tile alkali. It is the chief ingredient in peats, and is 
abundant in all rich moulds. The slate of animal matter 
in the Soil is as different as the substances from which 
it is obtained. It usually contains less carbonaceous 
matter than vegetable substances; and when exposed to 
heat, ammonia or volatile alkali, and carbonic acid. It 
is abundant in Soils to which manure has been lately 
, applied. 

Minuter'’ It is evident, therefore, from what has been said re- 

distinctions* spccting the production of Soils from rocks, that there 
must be at least as many varieties of Soil as there are 
species of rocks exposed at the surface of the earth. In 
fact there are many iftore. Independently of the changes 
produced by cultivation and the exertions of human 
labour, other materials of strata have been mixed toge- 
ther and transported from place to place by various great 
alterations which have occurred in the system of our 
Globe, and by the constant operation of water. The 
term sandy, however, should not be applied to any Soil 
which does not contain seven-eighths of sand : sandy 
Soils that effervesce with acids, should be distinguished 
by the name of calcareous sandy Soils, to distinguish them 
from such as are silicious, and which do not effervesce 
with acids. The term clayey should not he applied to 
any land which contains Jess than one-sixth of impalpa- 
ble ear thy matter, not considerably effervescing with 
acids ; while the word loam should be restricted to Soils 
containing at least one-third V impalpable earthy matter 
copiously effervescing with acids. A Soil to be con- 
sidered as peaty , ought to contain at least one-half of 
vegetable matter. In cases where the earthy part of a 
Soil evidently consists of a decomposed matter of one 
' particular rock, a name derived from the rock may with 
propriety be applied to it. Thus, if a line red earth lie 
found immediately above decomposing basalt, it may be 
denominated basaltic Soil. If fragments of quartz and 
mica be found abundant in the materials of the Soil, 
which is often the case, it may he denominated granitic 
soil ; and the same principles may be applied to other 
like instances.* 1 

Varieties “ In general,” says Sir II, Davy, “ the Soils the ma- 

alluvial tcrials of which are most various and heterogeneous ure 
those called alluvial, or which have been formed by the 
depositions of rivers; many of them are extremely fer- 
tile. J have examined some productive alluvial Soils 
which have been very different in their composition. A 
specimen from the hanks of the river Parrel in Somerset- 
shire, afforded me eight parts of finely-divided matter, 
and one part of silicious sand ; and an analysis of the 
former gave the following results : 


Parts, 

Carbonate of lime 360 

Alumina 25 

Silica 20 

Oxide of iron . 8 


Vegetable, animal, and saline matter... . 19 

* Agricultural Chemistry, p. 134. 


M A rich Soil from the neighbourhood of the Avon in Agriculture, 
the valley of Evesham, in Worcestershire, afforded me * 
three-fifths of fine sand, and two-fifths of impalpable 
matter. This lust consisted of 

Parts. 


Alumina.... 35 

Silica 41 

Carbonate of lime 14 

Oxide of iron 3 

Vegetable, animal, and saline matter ... 7 


“ A # specimen of good Soil from Teviotdalc afforded 
five-sixths of fine silicious sand, and^onc-sixlh of impal- 
pable matter ; which consisted of 

• Parts. 


Alumina 41 

Silica 42 

Carbonate of lime. . ! 4 

Oxide of iron 5 • 

Vegetable, animal, and saline matter ... 8 


“ A Soil yielding excellent pasture from the valley of 
the Avoii near Salisbury, afforded one-eleventh of coarse 
silicious sand ; and the finely-divided matter consisted of 

Parts. 


Alumina . 7 

Silica 14 

Carbonate of lime 63 

Oxide of iron 2 


Vegetable, animal, and saline matter .. . I V'* 


The knowledge acquired by this analytical process Knowledge 
of the component parts of Soils, possesses its chief value of S.wN 
as it suggests the readiest means lor the improvement furnishes 
of bad land, ns well as for the successful management of \ lsc ^ ul . 
that which is good. In ascertaining the composition of currU ncs * 
sterile Soils, for instance, any particular ingredient which 
is the cause of their unproductiveness will probably 
attract the notice of the Agricultural Chemist ; whom in 
this case, the farmer should employ exactly on the same 
principle as he calls in the Farrier when his horses are 
sick, or the Physician wheu a disease lias found its way 


into his family. If, for example, in analyzing a portion 
of barren Soil, it be found to contain the salt of iron, or 


any other acid matter, it may be ameliorated by the 
application of quick-1 ime. A Soil of an apparently good 
texture was put into tSic hands of Sir II. Davy, as re- 
markable for sterility. On examining it be found that it 
contained sulphate of iron, and accordingly recommended 
the obvious remedy of top-dressing with ^ime, which 
converted the sulphate into a manure. If there bean ex- 
cess of calcareous matter in the Soil, it may be improved 
by the application of sand or cli*y. Soils, again, toa 
abundant in sand are benefited by the use of clay or 
marl or vegetable matter. Peat as n top-dressing has 
been found to answer well for correcting the defects of a 
ligh* sandy Soil ; while a deficiency of vegetable or 
animal matter must be supplied by the richest species of 
manures. Ail excess of vegetable matter, on the other 
hand, j* to he removed by burning, or to be remedied 
by the application of earthy materials. The improve- 
ment of peats, or bogs, or marsh lands must be preceded 
by draining ; stagnant water being injurious to all the 
nutritive classes of plants. Solt black peats when 
drained, are often made productive by the mere applica- 
tion of sand or clay as a top-dressing. When peal9 are 
acid, or contain ferruginous salts, calcareous matter is 
absolutely necessary in bringing them into cultivation. 


♦ Agricultural Chemistry, p. 18C. 
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^ When they abound in the brQiithcs unci roots of Itcgs, 

or when their surface entirely consists of living vege- 
tables, these must either be removed or destroyed hy 
burning. In the latter case, their ashes afford earthy 
ingredients fitted to improve the texture of the Soil oil 
which they were formerly an incumbrance. In a word, 
the best natural Soils are those of which the materials 
have been derived from different strata of rocks; which 
have been mosi minutely divided hy air and water, and 
are intimately blended together; and in improving Soils 
artificially the farmer cannot do better than imitatf the 
processes of Nature The materials necessary for the 
purpose are seldom far distant ; coarse sand is often 
found immediately on chalk ; and beds of sand and 
gravel are common below clay. The labour of improv- 
ing the texture and constitution^ of the Soil is repaid hy 
a great permanent advantage, for its fertility is thereby 
placed on a lasting basis ; and while the annual outlay 
is lessened the yearly produce is increased. 

Modes of In whatever, way a Soil is to be examined, specimens 
rxitmiiiing of it should he taken from different parts of the field, 
Soils. and a few inches below the surtaee ; and it should he 

carefully ascertained whether these portions so selected 
possess similar properties. On extensive plains the 
whole of the Soil is found to be rather uniform in the 
nature and proportion of the ingredients of which it is 
composed ; but in valleys and near the beds of livers 
which are supplied with the materials of the Soil from 
the higher grounds, there is necessarily a greater variety. 
One part of the field presents a calcareous Soil, and ano- 
ther a silk-ions. The specific giavitv in all cases is an 
indication of the quantity of organized matter which it 
contains; for such matter is most abundant in lighter 
Soils. To ascertain the specific gravity of any giNen 
layer of earth, an equal bulk of it and of water may be 
introduced into a phial of a determinate capacity. If a 
bottle containing four hundred grains of water be half- 
filled with that liquid, and if the remaining half he filled 
with the Soil to be examined, and if the bottle gain two 
hundred grains of weight more than when it is entirely 
filled with water, the specific gravity of the Soil is double 
that of the water. The colour, feel, and some other 
Physical properties of Soils may, to a certain extent, 
lead to a knowledge of their composition. For example, 
a silicious Soil is rough and hard to the touch, aiul when 
rubbed on glass scratches it. A red or yellow colour 
denotes a ferruginous Soil, while softness in general 
denotes one that is calcareous. 

Tnfluence of The power of absorbing and retaining beat and mois- 

temipera- lure seems to be closely connected with fertility of Soil. 

turc. Certain Soils are more easily heated than others, and 

when brought to the same degree of temperature, cool 
more rapidly. Stiff white clay is heated with difficulty, 
and from the quantity of moisture which it embodies 
retains the heat but for a short time. A chalky Soil 
also is heated with difficulty, but retaining less moisture 
the warmth is not so soon expelled. A black Soil in which 
soft vegetable matter predominates is most freely heated 
by the sun and air. Deeply coloured Soils, and such as 
possess n large proportion of carbonaceous and ferrugi- 
nous matter, acquire, when exposed lo the sun, a higher 
temperature than Soils of a paler complexion.^ A noli 
black mould, containing nearly a fourth part of vegeta- 
ble matter, when under the influence of sunshine, had 
its temperature raised in the space of an hour from 6,» 
to 88° of Fahrenheit ; while a chalky soil under a simi- 
lar influence rose only to 69°, The mould beiug re- 


moved into the shade where the temperature was 62°, Agriculture, 
lost in half an hour 15°; whereas the chalk Soil in the - r— ■» 
same situation sank only 4°. A cold, fertile Sod and a 
cold, barren clay, being previously dried, were heated to 
the temperature of 8b°, and afterwards exposed to the 
air in a place in which the thermometer stood at 57°; in 
half an hour the former lost 9°, while the other was de- 
prived of no more than 6°. An equal portion of the 
clay containing moisture was heated to bb°, and then 
exposed lo a temperature of 55° ; in a quarter of an 
hour its heat became equal to that of the room. In con- 
ducting these experiments, which were made hv Sir 11. 

Davy, the Soi’s were placed in small tin-plate tiajs, two 
inches square and half an inch in depth.* 

The temperature of the Soil, or its power of combin- Of ahsorp- 
ing with and retaining heat, is in all cases greatly modi- tiun. 
fied by the property it possesses of absorbing moisture ; . 

and this latter quality depends in a great measure on the 
degree of comminution to which its parts are reduced ; 
for the more they are divided the more active is their 
power of absorbency. This property is greater in vege- 
table than in animal substances ; £rtid these last possess 
it in a higher degree than compounds of the earths, and 
a considerable diversity prevails in the different propor- 
tions of the earl hs themselves. It has been already sug- 
gested that the fertility of a Soil has a close connection 
with its power of drawing moisture from the atmosphere. 
Experiments to ascertain the exteut of this property can 
be easily made, aud a very simple method of determin- 
ing the relative productiveness of land is obtained by 
them. “ I have/* says Sir II. Davy, 14 compared the 
absorbent powers of many Soils with respect to atmo- 
spheric moisture, and I have always /burn! it greatest in 
the most fertile Soils. A thousand parts of a celebrated 
Soil from Ormiston, in East Lothian, which contained 
more than half its weight of finely divided matter, of 
which 11 parts were carboifate of lime, and 9 parts ve- 
getable matter, when dried at 212°, gained in an hour, 
by exposure to air saturated with moisture at temperature 
62° , IS grains. 

41 1000 parts of a very fertile Soil from the banks of 
the river Parret in Somersetshire, under the same cir- 
cumstances, gained 10 grains. 

“ 1000 parts of a Soil from Mersey, in Essex, worth 
4.w. an acre, gained 13 grains. 

“ 1000 grains of a fine sand from Essex, worth 2S*\ 
an acre, gained 1 1 grains. 

14 1000 of a coarse sand, worth la?, an acre, gained 
only S grains. 

44 1000 of the soil of Bagshot-heath gained only 3 
grains.* 1 

Water and the decomposing animal and vegetable 
matter existing in the Soil, constitute the true nourUi- 
ment of plants ; and as the earthy parts of the Soil are 
useful in retaining water so as to supply it in the proper 
proportions to the roots, so they are likewise efficacious 
ill producing the proper distribution of the animal and 
vegetable matter to the expanding fibres of the orga- 
nized bodies, or plants, which go in search ot it, as their 
natural sustenance. 

Soils which repose immediately upon a stratum ot 
rock become much sooner dry by the process ol «*\ ado- 
ration than when the subsoil is of clay or marl. 1 he 
contiguity of the strata to the superincumbent la}*' 1 ' ot 
earth is supposed to be one ol the principal causes of 

* A*p'\*'ultnrul Chcnn*(rj. p HI. X- 1 ’* 
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Agriculture# the remarkable fertility of the land in the humid climate 
of Ireland. A subsoil in which clay predominates is 
sometimes extremely beneficial to a sandy field in aiding; 
its deficient absorbent power, and supplying l he moisture 
which is lost by the action of the atmosphere and the 
process of vegetation ; while, on the other hand, the ex- 
cessive degree of absorbent power in a Soil is often cor- 
rected by a subsoil of a sandy or gravelly nature. In 
calcareous Countries, where the surface appears to bo a 
species of marl, the limestone is only a tew inches from 
the Soil ; but the contiguity of the rock impairs uot its 
fertility, although a less absorbent Soil in such circum- 
stances would be rendered sterile. This is finely exem- 
plified in the appearance of the sandstone and limestone 
bills in Derbyshire and North Wales during the summer 
season ; the grass of the former usually exhibits a brown 
and parched aspect, while the latter are clothed with a 
rich and beautifully verdant covering. 

Leaving all the considerations which respect the im- 
provement of land until we come to the subject of 
manures, we shall now proceed to the theory and prac- 
tice of draining; following herein what we consider the 
natural order of events in the improvement and culture 
of land. It is obvious, indeed, that to whatever purpose 
the Soil is destined, whether pasture or tillage, it is neces- 
sary that it should in the first instance be relieved from 
superfluous moisture. Even the temporary stagnation 
of water oil arable land mny interrupt the usual opera- 
tions of the husbandman at the most important season 
of the year, while it can hardly fail to counteract his 
labours in weeding and manuring, and, in the end, blast 
all his hopes of a remunerating crop. The produce of 
gniss-Jands, too, in which water is redundant, is always 
coarse and deficient in nutriment; and hence every intel- 
ligent farmer directs his first cares to the draining of his 
fields. 

Of Draining. 

Geological The successful practice of Draining depends in a great 

Principles, measure on a proper knowledge of the Geological struc- 
ture of the Earth’s surface, or of the various strata of 
which the outer crust, so to speak, is composed, as well 
as of their relative degrees of porosity, or capability of 
admitting the passage of water through them, and like- 
wise of the manner in which water is collected in the 
higher grounds and conducted to those of a lower level. 
In whatever way the elevations which present them- 
selves on the surface of the Globe were originally formed, 
it has been clearly shown, by sinking large pits, or by 
opening quarries in the *ides of hills, that they are for 
the most part composed of beds having an oblique or 
slanting direction downwards. Some of these strata, 
from their peculiar properties, allow water to percolate 
freely through them ; while others, so far from admit- 
ting a passage, force it along their surfaces without pene- 
trating them in any degree, and tlieriby compel it to 
seek an outlet in the grounds below. There, in general, 
it is obstructed or dammed up, by meeting with imper- 
ious materials of some ^kind or other, by means of 
which it is raised into the superincumbent layers, if they 
happen to Ik* open or porous, soon rendering them too 
wet for the purposes of Agriculture : but where they are 
of a more tenacious and impenetrable quality, they only 
become gradually softened by the stagnant water below 
them ; by which, however, the surface of the ground is 
rendered equally moist and swampy, though somewhat 
more slowly than in the former case, it may also be 


observed that some of the strata which constitute such Agriculture, 
hilly or mountainous tracts are found to be continued 
with much greater regularity than others ; those which 
are placed nearest to the surface, at the inferior parts of 
such elevations, being mostly broken or interrupted be- 
fore they reach the higher parts of them ; while those 
which lie deeper or below them at the bottom, show 
themselves near the summit. Thus, that stratum which' 
may lie the third or fourth, or still deeper, at the com- 
mencement of the valley, may form the uppermost layer 
at thq top of the hill ; an arrangement which may have 
been produced partly by the circumstances attending the 
original elevation of such mountainous regions, and 
partly by the fact that the materials of the Exterior strata, 
being dissolved by the action of the atmosphere, by suc- 
cessive frosts and rains^ have been carried down into 
the valleys, and thus left, such as were immediately below 
them in on exposed condition.* 

These elevated strata frequently prove the means of < is i f 
rendering the lower grounds wet and swampy; for the dirtci.*:*t 
general moisture of the atmosphere being condensed in strata, 
much greater quantities in such elevated situations, 
the water thus formed, as well as that which falls in rain 
and sinks through the surface, insinuates itself and thus 
posses along among the inferior strata which compose the 
sides of such elevations, until its descent is retarded by 
some impenetrable substance, such as clay ora very com- 
pact rock. It is there collected in a body, and ultimately 
lbrccd to filtrate slowly over it, or to rise to the light, 
and to constitute, according to the different circumstances 
of the case, swamps or marshes in the contiguous valleys. 

The appearances are more commonly oozing springs, 
weeping rocks, or sometimes a considerable rivulet 
formed by the union of small currents under the ground. 

This is obvious from the sudden disappearance of mois- 
ture in some parts of lands, while it stagnates, or re mains 
till removed by the effect of evaporation, on otheis ; as 
well as from the force of spring's being stronger in wet 
than in dry weather, breaking out frequently after the 
laud has been impregnated with much moisture in higher 
situations, and as the season becomes drier, ceasing to 
llovv except at the lower outlets. The force of springs, 
or proportion of water which they send forth, depends 
likewise in a great measure on the extent of the high 
ground on which the moisture is received and detained, 
furnishing extensive reservoirs or collections of water by 
which they become more amply and regulafiy supplied. 

On this account what are termed bog-sprmgs, or such as 
rise in valleys and low grounds, are considerably stronger 
and more regular in their discharge, than such ns 
burst forth on the more elevated situations or sides of 
eminences, t 

In Draining land the first thing to be considered is the Modi a «.f 
source of the wetness ; whether it be surface-water which awviuin 
from Mime obstruction is not permitted to pass oif freely, . 
or whether il be thrown up, as has just been described, ° n,01hlulu 
from some of the inferior strata. If a hollow piece of 
ground be covered with water, or if it should he only 
wet und spongy during great part of the year and even 
during the dry season ; and, when this ground has been 
for some time retained in pasture, if the common rush 
begin to shoot up and thrive on the edges of the wet 
spot where the soil is somewhat more solid, and if it 
stretch upwards on the sides of the declivity, and more 


* Darwin, Phyfologia % p. 2!)8. Loudon, p. GDI. 
+ Klkiugton, A lode of Urmniny, p. 1 5. 
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Agriculture. particularly to a greater height on one side— then the 

conclusion is pretty certain that the water proceeds from 
the underground strata, from a heel oft gravel or other 
porous matter, at some depth under he surface, and 
supported hyan impervious bed, such as a mass or layer 
of clay. If a pit be dug at the upper edge of the place 
occupied by the rushes, to the depth of two or three feet 
—which must vary according to the thickness oi the 
different strata and the depth of the porous bed through 
which the water filtrates — as soon as the latter stratum 
is penetrated the water will rise in the pit, and pyHiaps 
in a short time oversow and run along the surface. Hut 
if a cut, of sufficient dimensions to convey the whole 
of the water to the nearest ditch, be made, it is probable 
the wet ground will be relieved from the water, the 
rushes will disappear, anil plants of a very different cha- 
racter take their place. In case no water should appear 
in the pit, after digging to a moderate depth, or if it 
should not he convenient to penetrate deeper than a foot 
and a half or two feet, recourse may be had to the borer 
or auger ; an instrument employed lor the purpose oi' 
forming a communication with the porous stratum 
which contains the water, to the depth of many feet or 
fathoms. VV ijen the borer reaches the porous stratum 
and is withdraw n. the water will be seen to burst up with 
considerable force and soon fill the pit ; and if the com- 
munication thus formed continues uninterrupted, the 
ground becomes dry, and is quickly rendered fit for all 
the purposes of tillage. 

MY Flking- To Mr. Elkington is usually attributed the merit of 
tem’s disco- having invented this process of Draining, the origin of 
ur y* which is explained by Air. .Johnstone, the author of the 
Account of the most apprav < d System o f Draining Land . 
“In the year 1763, Air. Elkiugton was left by his father 
the possession of a farm called Frince thorp, in the parish 
of StriUon-upon-Dunsmore, and County of Warwick. 
The soil of this farm was very poor, and in many places 
so extremely wet that it had been the cause of rotting 
several hundred sheep, which was the first means which 
determined him if possible to Drain it, which he began 
to do in 1764. The field in w hich he began was of a wet 
clay soil, rendered almost a swamp (and indeed in some 
places a shaking-bog) by the springs issuing from a bank 
of gravel and sand adjoining it, and overflowing the sur- 
face of the clay. In order to Drain this field, he cut a 
trench uUnit four or five feet deep a little below the 
upper side o^ the bog, or where the wetness began to 
make its appearance ; and after proceeding so far in this 
direction and at this depth, he found that it did not 
reach the main body of subjacent water from whence the 
evil proceeded. On observing this Mr. Elkiugtou was 
at a loss how to proceed. At this time while he was 
cousideiiug what was next to be done, one of his ser- 
xants accidentally came to the field where the Dram was 
making, with an iron crow or bar, which the farmers in 
that couudy use in making holes for fixing their sheep 
hurdles. Mr. Elkington having a suspicion that his 
Drain was not deep enough, and a desire to know what 
kind of strata lav under the bottom of it, took the iron 
bar from the servant, and after having forced it down 
about four feet below the bottom of the trench, on pull- 
ing it. out, to his astonishment, a great quantity of water 
burst up through the hole he had thus made, and ran 
down the Drain. Thai at once led him to the knowledge 
of wetness being often produced by water confined fur- 
ther below the surface of the ground than it was possible 
for the usual depth of Drains to reach, and induced him 


to think of applying an auger as a proper h.Mrument in Aericulture 
such cases. ihus did the discovery nri»ins\to from / 

chance, the parent of so many useful Ausl \ n t!,j s 
manner he not only accomplished the Drainage of this 
field, which soon rendered it completely sound, but like- 
wise all the other wet ground on his farm.”* 

The success of this experiment soon extended Mr. Uis three 
Elkington's fame, as a Drainer, throughout the whole "‘h*. 
Kingdom. From long practice on grounds of every 
variety of character and situation, he acquired a great, 
facility in judging relative to the nature ot the concealed 
strata and the sources of the hidden springs. The rules 
on which he acted inay be reduced to three : first, 
finding out the main sjmng or cause of the evil, with- 
out which nothing effectual could be done ; second, 
taking the level of that spring, and ascertaining iU 
subterraneous bearings , a measure never practised by , 

any till Mr. Elkington explained the advantages to be 
derived from it; for if the Drain be cut a yard beyond 
the tine of the spring you can never reach the water that 
issues from it, whereas by ascertaining that line, by 
means of levelling, you can cut offttie spring effectually, 
and consequently Drain the land in the cheapest and most 
complete manuer. And third, making use of the Ulmer 
to reach or tap the spring, where the depth of the Drain 
is not sufficient for that purpose. 

In proceeding according to this method of Draining, Their appli* 
the neighbouring high grounds are to be examined, to cation 
ascertain precisely the nature, composition, and inclina- 
tion of the strata, and their relative position with tile 
land to be improved; from which an opinion can be 
formed of the nearest point at which the water may be cut 
off and discharged by the level of the spring. To obtain 
this necessary information, the beds ot the nearest 
streams, the face of steep hanks, pits, wells, and quarries 
are to be nicely surveyed. Having discovered the main 
spring, the next object is if) determine accurately the 
line of level in which the Drain is to be conducted. This 
is one of the most important parts of the operation, and 
requires particular attention. The last part of the opera- 
tion is the application of the auger, which is employed 
in all cases where the outlet, or the expense ortiie diffi- 
culty of execution does not admit the Drain to be cut so 
dec]) as to reach the spring. 

The Principles now explained will not, we think, be illustrated, 
found difficult iti application when all the circumstances 
are fully considered. Suppose there is an extensive flat of 
swampy land, lying on the bunk of a river, and from an 
examination of the appearances it is concluded that the 
water is collet toil from numerous springs, indications of 
which are distinctly observed on the declivity of the 
adjoining bank which forms the boundary of the bog on 
one side •. and suppose at the same time that all tue 
springs arise along the upper edge of the wet ground, 
then, it is very probable, that a single drain conducted 
in the direction of these springs will effectually carry off 
the redundant water. Hut let it be supposed further, 
that on examining the surface from which the springs 
issue, they appear at different levels; that the upper 
series of springs is exhausted in the dry season, while 
those in the lower part of the declivity continue to flow; 
the conclusion in this case is pretty cvidtnt. that the 
whole springs are derived from the same sour?e. The 
lowest are to be considered as the chief springs, and die 
line of the Drain accordingly is to hr earned m their 


Elkington, Mo./rr/'Ih'i 
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Apiculture, direction, by which the run of water is completely intcr- 
• ' cepted. If the Drain were carried in the direction ot the 
upper line of springs, it would also answer the purpose, 
but it would require deeper cutting, and therefore u greater 
expense would he incurred ; or the use of the auger 
might be required, which by the first method would he 
entirely superseded. It is scarcely necessary to add that 
extensive bogs or swamps may require subsidiary 
trenches in different places to carry off the whole of the 
water. 

Indications The irregular distribution of the strata of which lulls 
from the are composed, frequently produces alternate portions of 
■oik >vet all d dry ground on the surface. The general aspect 

-of the soil, the nature of the plants, and the degree of 
wetness which prevails, may, in many cases, indicate the 
arrangement of the rocky beds, ami hence the proper 
direction of the intended Drain. 11 hen the stratum is 
horizontal or.only slightly inclined, all the springs may 
deri\c their water from the same source, and when this 
is exhausted the object will be attained. But in cases 
where the rock is nearly in a vertical position, and con- 
tains partial collections of water in fissures and cavities, 
it is necessary to carry a Drain to each outlet. 

“ In many hills composed of alternate strata of rock, 
sand, and clay, the surface of the latter is commonly wet 
and swampy, while that of the former is dry and pro- 
ductive, and therefore requires as many cuts to Drain it 
completely as there are divisions of wet and dry soil. 
The highest parts of the hill being for the most part com- 
posed of porous soil, receive the rain-water which 
descends through it till it meet some impenious stratum, 
ns clav, which obstructing its percolation any further 
downwards, it then rises to the surface and forces itself 
a passage over tiiat impassable stratum. After it has 
thus overflowed the upper clay surface, it is immediately 
absorbed by the next porous stratum, and descending 
into it in like manner us^bove, it again issues at the 
loner side of it, and injures the surface ol the next clay 
bed as it did that of the first. In this manner, the same 
stream will affect the other similar strata of w hich the 
hill is conqjosed, down the whole declivity, and form at 
last in the hollow a lake or bog, if there is not a proper 
outlet or descent to carry off the water. To Drain a hill 
bide of this description, it is necessary to begin by 
making a trench along the upper side of the uppermost 
rushy soil, which will have the effect of cutting oti the 
hi "best spring; but as the rain falling on the next porous 
sod subsides to the lowest part of it and forms another 
spring, a second cut is necessary there to prevent that 
water from injuring the surface of the next clay bed. 
Thus, similar cuts will be requisite down the descent so 
far as the same springs and appearances continue to in- 
jure the ground. t See fig. 4, 5 , and *>• . 

The Drain, The borer used in Draining is nearly similar to that 
ing Borer, made use of in searching for coal or other subterraneous 
minerals. The auger, shell, or wimble, as it u variously 
called, for excavating the earth or strata through which 
it passes, is iimn two and a half to three and a half 
inches in diameter; the hollow part of it one foot four 
inches in length, and constructed nearly in the shape of 
the wimble used by carpenters. The rods are made in 
separate pieces, of four lecl long each, which screw into 
one another to any assignable length which the depth of 
the hole requires. 


• Elkington, Mode of Drainwg, p. 19. &C. 

f ML p. 43. 


To judge when to make use of the borer is a difficult* Agriculture, 
part of the business. Some who have not seen it made 
use of in Draining have been led into a mistaken notion. Mode ot 
both as to the manner of using it, and the purpose lor llMll £^ 
which it is applied. They think that if by boring indis- 
criminately through the ground to be Drained, water is 
found near enough the surface to be reached by the Drain, 
the proper direction for it is along these holes in which 
Water lias been found; and thus they make it the first 
implement that is used. But a process directly opposite 
ought to be followed, and the auger should never be used 
until after the Drain is cut ; and then ty should lie employed 
for the purpose of perforating a retentive or impervious 
strut uw , lying between the bottom of the Drain and the 
reservoir or strata containing the spring. The manner 
of usipg it is simply thus: two men above, one cm each 
side of the Drain, turn it round by means of the wooden 
handle; and when the auger is full they draw it out, 
and a man in the bottom of the trench clears out the 
earth, assists in pulling it out and directing it into 
the hole, and also gives occasional aid in turning with 
the iron handle or key, when the depth and length ot 
rods require additional force to perform the operation. 

In one word, the auger may be described ps bearing the 
same relation to dropsical land that the tapping instru- 
ment in the hand of a surgeon does to a human patient' 
labouring under anasarca; and in both cases the suc- 
cess of the operator is in proportion to his theoretical 
knowledge of the subject, and the extent ot his actual 
practice.* 

The honour of this discovery, although usually con- Ilu* iuven- 
ferred upon Elkingtun, has not been undisputed. In 
Dr. Nugent's Travels through Germany* printed in the v 
year 17bS, there is an account of a inode of Draining 
land on principles in some respects of a similar nature, 
nut indeed by the use of the auger but by making pits. 

And in a publication by Dr. .Tames Anderson, entitled 
Jlssays on Agriculture, and Rural Affairs* and beating 
date 1775, the author, after describing a mode of tapping 
by sinking small pits, adds, “ I have often imagined 
that the expense of digging these pits might be saved by 
boring a hole through this solid stratum of clay, with a 
wimble made on purpose; but as I have never expe- 
rienced this, I cannot say whether it would answer the 
desired end exactly/' There seems to be no doubt, how- 
ever, that Mr. Klkington made use of the auger, prior to 
the date of either ofthe.se publications, or fenny hint he 
could possibly derive from any Work in the English 
Language, though it is probable that as regards boring 
the ground for wells, the use of the said instrument was 
long known ill various Countries, especially in Italy. It 
is proper to observe, at the same time, that although l)r. 
Anderson's Essays were not published fill 1775, the ex- 
periments which he describes were made in 1701, and 
more iv er that the account of Mr. Elkington's operations 


* A correspondent of the Quarter/# Journal of Agriculture writes 
as follows : " Boring with auger* aiul digging wells formed the 
peculiar feature* of Elkington’s mode of Draining, joined to that of 
deep cutting ; but, the latter part only of his mode has been care- 
fully preserved and practised, while the former naif has t»een too 
much neglected. In one instance of my own in Draining, of which 
I have had considerable experience, the digging of a well aWit 
ciirht feet deep saved the expense of inuking a Dram two hundred 
voids long, llad the well not been attempted at all, that length ot 
Drain muB have been cut along a fall of only twenty inches I la- 
well terminated in a thick bed uf gravel, which easily nlworU-d .ill 
the water that could possibly have passed through all the Drain 
connected with it.” No. Xill. p. 82 . 
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r Agriculture, waanot committed to the Press till the year 1796. The 

V »v-w decision of Parliament, which granted to the latter a rof 
ward of £1000, settled the question in a very important 
. / point; leaving nothing but empty honour as the subject 
of controversy* 

Surface As surface Draining , the second department of this 

Homing, branch of busbaudry, is conducted on the very obvious 
principle of haviug ditches on the lower sides of a field, 
into which the furrows discharge the superfluous mois- 
ture not absorbed by the soil, there will nut be occasion 
for any lengthened remarks. In extensive flats, jfiow- 
ever, which are covered with water a great part of the 
year, a more expensive operation becomes necessary. A 
main Drain, conducted from the intended outlet, must be 
formed with such a slope and of such a depth as shall 
be sufficient to relieve the lanc^fVoin so injurious in- 
cumbrance. The course of a Drain of this description, 
when the inclination of the ground is not perceptible, is 
formed by the ordinary process of levelling, and in most 
cases by the use of the spirit-level alone. But without 
any instrument, those who are familiar with practical 
Draining cuu discover the declivity and the course of the 
water even in land which appears nearly flat, by examin- 
ing the ditchev when they are almost dry in Summer, and 
by oliserving to what point (he leaves of aquatic plants 
are directed. When the extent of ground to be freed 
from water is considerable, a single Drain ought not 
to be held sufficient. In this case branches from differ- 
ent parts of the field uuitiug with the main Drain 
are absolutely necessary; and the number and direc- 
tion of these branches must be determined by the extent 
ami inequalities of die surface. The subordinate Drains 
or branches should form a junction with the main Drain 
in the direction of the current, to avoid the danger of 
sand or earth accumulating and creating obstructions 
when they cuter it transversely. 

Shape of Wc need scarcely observe that the declivity, of the 

Drams. ground ixi many cases must regulate the slope of Drains ; 

but where the outlet and other- circumstances afford an 
opportunity for marking its limits, it should neither, on the 
one hand, be too great, in which case. the sides and bottom 
exposed to the rapidity of the current might be apt to 
receive injury ; nor, on the other hand, should the in- 
clination of the Dram be too small, by which the current 
becomes sluggish and stagnant, and the land is not fully 
relieved from water. A similar discretion must be ex- 
ercised in tile dimensions of open Drains, us such are 
necessarily varied according to the nature of the soil, the 
situation, and the quantity of Water to be carried ofF. 
The width at the bottom of (he Drain must be regulated 
by the proportion of water to be discharged ; and it may 
be stated as o, general rule, that the width at top should 
be at least three timet greater, to admit of sufficient slope 
and solidity to the sides. But in sod and mossy soils 
even a larger slope is requisite ; nnd wherever the Drain 
is nut meant for a fence as wefl as a channel for convey- 
ing water, the earthy matters thrown out should not be 
left on the sides to form an elevated bank, but spread on 
the field or altogether removed. In -marshy grounds 
where the Drain is also required to be la fence, the soil, 

* Sue Elkingtou, Mo tic of Draining^ p. 10, where the following 
notice ie iiwvited. “ Button status that, in the city of Modena aim 
Ihr utiles round, whatever part is dug, when we reach the depth of 
eixty.fhies feet, and bore five feet deeper with an auger, the water 
springs out with such force that the well is filled in a very short 
■pace of time. The water il ows continually, and neither diminishes 
nor increases by the rain or drought. 4 * 

VOI,. vi. : , 


which should always be thrown out on the lower side, Agriculture, 
should bo allowed to remain; and a small parallel cut ' 
may be opened to receive the surface-water trom that 
side, and to conduct it to a convenient place where it may 
be admitted into the larger Drain. 

In all cases where there is much risk of surface-water Open 
being greatly increased in the time of rain, open Drains Drains, 
should always be preferred, to avoid the danger of being 
entirely obstructed, a casualty to which covered Drains 
are very liable. But as such Drains, constructed in the 
usual way, would disfigure an improved field and inter- 
rupt the accustomed operations of tillage, they ought to 
have a greater slope, and a greensward should be per- 
mitted to form on their sides, if the direction of the 
ridges he parallel to the Drain the cultivation of the field 
is uninterrupted ; and when it is in pasture, it presents 
no obstacle to the free passage of cattle. But the farmer 
should remember that whatever maybe the slope of such 
Drains, the sides should never be ploughed ; for any 
increased flow of water in that event would carry off the' 
loosened soil. 

When smooth pasture-ground Is Subject to the col lee- Hollow . 
lion of surface-water, the evil maybe remedied by means 
of a sfmple operation with a common plough. Let a * Ub Urc8 ‘ 
deep furrow be turned up through the hollow parts of 
the field where water stagnates, pare off the earth from 
the inverted sod, leaving il about three inches thick, and 
return it to its natural position. In this way a small 
hollow Drain of three or four inches is left in the bottom 
of the furrow, which is found sufficient to discharge a 
considerable quantity of water. By this easy process a 
great extent of Drain can be executed in a short time ; 
and when any part is obstructed, it can be repaired at a 
small expense. Lands, again, which are appropriated 
to woods or plantations, am equally benefited by Drain- 
ing as those devoted to the production of corn crops, or 
to the feeding of cuttle. For such grounds, open Drains 
are by far the most suitable; for in covered Drains the 
roots of the trees, stretching along horizontally, insinuate 
themselves among the stones, interrupt at first, and 
finally obstruct the progress of the water. 

The skill of the Drainer is frequently put to the test Drains in a 
when he is culled upon to remove the superfluous mois- fiat soil 
(lire from land which is at once flat and possesses a \ery clay**y^ 
retentive or clayey soil. The upper layer of earth being su ,sm * 
porouvrcadily permits the vaiii to sink through it while 
the impervious subsoil prevents it from descending fur- 
ther, and hence the ridges arc usually saturated with an 
excess of water. Land thus circumstanced is described 
by farmers as being icct-bottomrd . When the field to be 
Drained has only a slight declination or slope from t lie sides 
towards the middle, one Drain cut through the por jus su- 
perficial materials into the clay in the lowest part of the 
ground may be sufficient to bring* o If the whole of the 
water detained in the porous soil. This effect may like- 
wise be greatly promoted by laying out and forming the 
ridges so as to accord with the direction of the lain!, and 
by the use of the plough or spade iu removing obstruc- 
tions and deepening the furrows. In such situation'!, 
where the Drain has been formed in this manner, the 
Water will flow into it through the porous surface- mate- 
rials as well as if a number of small trenches weie cut 
from it to each side, as is the practice in Kssex and some 
oilier parts of the country; but which is often an 
Unnecessary labour and expense. The Drain made in 
the hollow may frequently serve as a division ol the 
field, in which case it may be open, but in other 
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Agriculture, circumstances it may be more proper to have it 
covered. 

When a field of this description has more than one 
hollow in its surface, it will obviously be requisite to 
have more than one main Drain; but when it is nearly 
level or only inclined slightly to one side, a trench or 
Drain along the lowest part, and the ridges and furrows 
formed accordingly, may be sufficient for effecting its 
Drainage. There may, however, be coses, as where a 
field is large and very flat, in which some side cuts in the 
principal Drain may be necessary, which must be dug a 
little into the clay, and ?s narrow as they can be wrought, 
and then filled up with stones or other suitable materials* 
What is called the Esse* method of Draining in ploughed, 
springy lands, where the surface soil is tenacious, is 
described by Kent, and consists in substituting small 
under Drains for open furrows ; or in some cases having 
a small under Drain beneath every second or every third 
furrow. These Drains lead to side or fence -ditches 
where they discharge themselves 

Draining a Where the clay constitutes the surface and the porous 

cayey aur- j 8 underneath* the injurious stagnant water cannot 
possibly get off without the assistance of Drains formed 
for the purpose. Soils of this nature are Drained with 
difficulty and require a much greater number of trenches 
or cuts than those of any oilier kind, as they must be 
marked out and disposed in such a way as to collect and 
convey the water every where from the surface; be- 
cause it can only force itself off into them from above, 
being prevented from sinking in through the clay as in 
jsoils of a contrary kind. Where there happen to be 
hollows or irregularities in the surface of the land, water 
may often be observed to continue stauding in them at 
a distance of but a few feet from the Drain. In Draining 
such lands it will always lie necessary in the first place 
to make a large or conducting Drain at the lowest part, 
or the end of the field, for the purpose of receiving and 
conveying away the water collected by the smaller col- 
lateral cuts which it may be necessary to make on each 
side of it. Where it suits for the purpose of dividing 
the land, this principal Drain may be better open than 
covered, as by that means the mouths or outlets of the 
different small Drains that come into it may be conve- 
niently examined, and cleared out when necessary. 
Construe- The construction of the ridges in such soils so that 
fioii of they may accord with the declivity is a matter which 

lid#**. must be carefully kept in view. They should in all such 

cases have a degree of elevation or round ness in the 
middle, sufficient to afford the water a ready fall into the 
furrows, which likewise should have such a depth and 
fall, as may take it quickly into the Drains. The ridges, 
being well laid up, should have small open Drains 
formed in a slanting direction across them in such a 
manner us to form communications with one another and 
with the furrows; by which means they arc made to 
perform the office of Drains ; the water coming upon the 
ridges being thus readily conveyed into the furrows 
. along which it proceeds, till impeded in its course by the 
ground or other cause ; it then passes through the open 
• cross Drains into others where the descent is greater, 
and ultimately into the ditch or other passage at the 
bottom of the enclosure. The elevaliou of the ridges 
should probably, too, be made greater for the Winter 
than the Summer crops, as there must be much more 
injurious moisture at the former than the latter season.* 

* L»u<I'tn, p. 704. Marshal on Landed Properly, nml Dr* An- 
ritrsuu'j, Treetue on Draining , 


This may be easily accomplished at the time of plough- Agriculture, 
ing the land. ** 

Of the different kinds of Drainslised by Agriculturists 
we may mention those which are formed of stone, brick, 
gravel, cinders, wood, spray, straw, turf, ami tile. See 
tig. 7 to 13. 

The first of these, or the commoit rubble Drain, is KuU>Ie 
formed of rough land -stones of any sort, broken so as 1)raiD ’ 
not to exceed two or three inches in diameter. No good ' * 

drainer uses stones six or' eight inches in diameter in 
any fcart of a rubble Drain, least of all at the bottom. 

The point kept in view is to use sue]} small stones at the 
bottom as may allow the water a great maiiy.chunnels ; 
so that if a few should become impermeable, there should 
be many others remaining. The nearer the bottom of a 
Drain^f this kind approaches to the character of a natural 
bed of gravel, the more certain will be the free passage of 
the water. Gravel or ashes should be laid on the top of 
the stones, on these a thin layer of straw or haulm of any 
kind# aud the remainder filled up with the surface soil. 

The brick Drain is formed in a great variety of ways. Brick 
either with common bricks and bats, in imitation of the 
boxed aud rubble, or rubble Draining, or of bricks made 
on purpose, of which there is great Variety 
, The gravel or cinder Drain is sehlom made deep, travel 
though if the materials be large they may be made of any Dram< 
size. In general they are used in grass-lands ; the sec- 
tion of the Drain being ail acute-angled triangle, and 
the materials being filled in, the smallest uppermost, 
nearly to the surface of the ground. 

The wood Drain is of various kinds. Avery sufficient ^ 
and durable construction consists of poles or young fir- L,rain ' 
trees stripped of their branches, and laid in the bottom 
of the Draiu lengthways. They are theu covered with the 
branches and spray. Another form is that of filling the 
Drain with faggot- wood with some straw over. A variety 
of this mode is formed by first setting in cross- stakes to 
prevent the faggots from sinking ; but they are of no 
great use, and often occasion such Drains to fail sooner 
thhn common faggot Drains. In some varieties of this 
Drain, brushwood is first laid down at its side, and 
formed by willow or other ties into a continuous cable of 
ten or twelve inches iu diameter, and then rolled in ; 
which is said to constitute an excellent Drain with the 
least quantity of materials, and to last a longer time 
than any of the modes above mentioned. Some cut the 
brush wood into lengths of three or four fifrt, and place 
them in a sloping direction, with the root end of the 
branch in the bottom of the Drain. Others throw in the 
branches at random with little preparation and cover 
them with spray, straw, or rushes, and finally the sur- 
face soil. 

The spray Drain is generally, like the gravel Drain, Spray 
of small size, and formed like it with 'an acute-angled Drain, 
bottom. In general the spray is trodden firmly in; 
though in some cases it is "previously formed into a cable, 
as in the brush-wood Drain. Drains of this sort are 
much in use in grass-lands, aud when the spray of larch 
wood, heath, or ling can be got, they arc of great, 
durability. • 

The strau? Drain, where needs, rushes, and bean-straw Straw 
are used, is sometimes made like A the spray Drain, by Drain, 
pressing the louse materials down or forming ft cable ; 
but in geueral the straw is twisted into ropes os big as 3 
man’s leg, by the aid of a machine, and three or more of 
these are laid in the bottom of a triangular Drain, with or 
without the protection of three turfs ; where some sorts 
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'Agriculture, of moss, as sphagnum or lycopodium , can be got, these 
Drains are of very great durability. 

Tiuf Drain The turf Drain may be made of any convenient 
depth, but it must be at least the breadth of a turf at 
bottom. The Drain being dug out, as if it were to be 
filled with stones or any ordinary material, the operator 
next, with a spade three inches wide, digs a narrow 
channel along its centre, clearing it out with the Draining 
scoop ; arid over this the turfs arc laid without any other 
preparation or any thing put over them, but the earth 
that was excavated. This is found to be very cheap, 
and, considering th^ materials, a surprisingly durable 
# method of. Draining; answering in pasture-fields espe- 
cially all the purposes that the former can expect to 
derive from Drains constructed with more labour and at 
a much greater expense. Th^y are said frequently to 
last twenty years and upwards ; but the period during 
which they will continue to prove effectual, must de- 
pend on the nature of the soil and the current of water. 

m Cheshire. A mode of turf Draining used in Cheshire is described 
as follows ; the surface of the ground, in which the Drain 
is intended to be cut, is marked out in parallelograms 
al>out the size of bricks on one side, while the opposite 
side to the wylth of nine inches, or that of a common 
sod, is left unbroken. These sods are taken out at a 
spade’s depth, and laid carefully by the side of the Drain 
for covers. The other sods, resembling bricks in their 
size and shape, are then dug, and laid carefully on the 
same side as the sods intended for covers. The Drain is 
then sunk to the proper depth, and the stuff taken out 
is thrown to the other side. The bottom is levelled with 
proper draught for the water, and set with the sods like 
bricks, two in height on each side ; these ore covered 
with the larger 'sods set obliquely, the grassy sides being 
t u r ned do w nw nrd s. 

AVi-dj'o The urdge Drain is constructed as follows. When 

Druin. the line of Drain is marked out, a sod is cut in the form 
of a wedge, the grass side being the narrowest, and the 
sod* being lroin twelve to eighteen inches in length. 
The Drain is then cut to the depth required, but is con- 
tracted to a very narrow bottom. The sods are then set 
in with the grass sides downwards, and pressed as far as 
they will go. As the figure of the Drain does not suffer 
them to go to the bottom, a cavity is left, which serves 
as a water-course ; and the space above is filled with 
the earth throw'll out. The work is performed by means 
of three spadfc? of different sizes. The first may be a com- 
mon spade of moderate breadth with which the surface 
clay may be taken off to the depth of eight or ten inches, 
or not quite so much if the clay bo- very strong. The 
breadth of the Drain at top inay be from a foot to 
fifteen inches $ but it never should be less than a foot, 
as it is an advantage that the sides should have a con- 
siderable slope ; and the two sides should slope as 
equally as possible. Another workman follows the first 
with a spade six inches broad at the top, and becoming 
narrower towards the point, at which it should not exceed 
four inches*. The length of the plate of this second 
spade should bo fourteen inches, and with it a depth of 
a foot or fourteen inches can easily be gained. A third 
workman, and' he should be the most expert, succeeds 
the second, ami his spade should be four inches broad 
at top, only two inches broad at the point, and four - 
teen or fifteen inches in length. With this spade a 
good workman can take out at least fifteen inches of 
cloy. • A sort of hoe or scoop, mode of a plate of iron, 
formed nearly into the shape of a half cylinder of two 


inches diameter, and a foot or fourteen inches long, Agriculture, 
and fastened at an acute angle of perhaps 7u‘ J u> a long 
wooden handle, is now employed to scrape out ihc 
bottom of the Druin, and remove any small pieces of 
clay that may have fallen into it. The grassy side of the 
turfs being turned undermost, they are put down into 
the Drain, the workman standing upon them after they 
are put in, and pressing them down with his whole 
weight till they are firmly wedged between the sloping 
sides of the Drain. The ends of the turfs being cut 
somewhat, obliquely, they overlap each other a little ; and 
by this means, although there is a sufficient opening 
for the surface-water to get down, nothing else can find 
its way. The open space below the turfs ought to be 
five or six inches in depth, three inches wide at top, 
and an inch and a bajf or two inched at bottom.* 

The author of the abova communication remarks, 
that wherever' sufficient attention has been paid to keep 
the ditches at the ends of the field clear, so as not to 
choke up the mouths of the Drains, (a point of great 
consequence,) they appear to have succeeded very well, 
and be feels confident that wherevei*thc soil is filled for 
the purpose, the work properly executed, the Drains of 
a sufficient depth, and no improper treatment or neglect 
on the part of the fanner, these Drains will answer the 
most sanguine expectations. He thinks that they should 
never be less than three feet deep, otherwise they are apt 
to give way, either from moles getting down into them 
in very dry weather, or from the feet of the horses em- 
ployed in ploughing, when the ground is wet, sinking 
so far as to injure the turf. 

The earth Drain, called also the day-pipe Drain, is Earth 
better calculated for the purpose of conveyed water al- Bruin, 
ready collected than for drying the soil. A Drain is dug 
to the necessary depth, narrow at bottom, in which is laid 
a smooth tree or a cylindrical piece of wood, toil or 
twelve feet long, six inches ifi diameter at the one end 
and five at the other, having a ring fastened in the 
thickest end. After strewing a little sand upon the 
upper side of the tree, the clay or toughest part of the 
coutents of the trench is first thrown in upon it, anti 
then the remainder, which is firmly trodden down. By 
means of the ring and a rope through it, the tree is 
drawn out to within a foot or two of the small or hinder 
end, and the same operation repeated. A gentleman 
who has tried this experiment says, that this clay-pipe 
has conducted a small rill of water a considerable way 
underground, for more than twenty years, without any 
sign of failing. Pi|>e Drains of turf are sometimes 
formed where the surface soil is a strong clay, as it is 
only turfs from such a surface that are sufficiently dura- 
ble. A setnicylindricid spade is used to dig the turfs, 
and hence the turfs themselves resemble a hollow cylinder 
divided in two. The Drains being dug to the proper 
depth, one turf is laid in the bottom of it, and another 
being placed over, completes the pipe or conduit, Tl»e 
same sort of pipe Drain has bten formed out of soIiJ 
beds of clay, and lias also served for a time to com cy 
Water. 

The tile Drain is used in flat, clayey soils where *«tonrs T.le Drain, 
ore scarce, and where the declivity is small. The tile 
fabricated for this purpose is much more concave than 
that used for rooting houses, resembling, indeed, the 
form of a sugar-loaf or obi use cone; and the price, 
according to the size, varies from twenty-four shillings 

* Transaction* of Highland \ol. ri. p. 

1: 2 
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Agriculture, to £3 the thousand. In laying out the line of Drains, 
where it is intended to cut off springs, the us nul sys- 
tem is followed. Where the removal of surface-water 


is the object in view, the natural inequalities, or in- 
dentations on the fiice of the field, are carefully ex- 
amined, so as to attain the end with as few Drains mul 


Tile Driiin- 
ing at Ne- 
ll ierby. 


with us much effect as possible. Where very stiff clay 
exists, u Drain even in every furrow, or division of ridges, 
lias been resorted to with much success, and the expense 
is not so great as might appear at first sight. In other 
cases, where the soil is of u damp, retentive nature, 
where the surface is flat and incumbent on a stiff day, 
iti which there are no springs, main Drains may be run 
in the lowest parts of the land to be dried, and smaller 
Draiiis connected with these, running parallel to each 
other at stated distances. This mode, when properly 
executed, answers the purpose in view remarkably well. 

In tlie Transactions of the Highland Society there is 
an account given of this mode of Draining as practised 
on the estate of Netherby in Cumberland. The deepness 
has always been suited to the object in view ; Drains 
for springs in man} cases have been very deep, so as 
to cut through the substratum containing the water, 
whether that lias been gravel or sand; surface Drainage 
for two feet and a half to four feet and a half deep. In 
all cases the Drains arc cut as narrow as a man cun 


conveniently work in them, decreasing in width as they 
approach the bottom. The tools used are the common 
spade, shovel, and pick, or the round- mouthed spades 
used in forming canals, which in Cumberland are known 
by the name of navigation Spades. , The Drains being 
cut to the required depth, with all the top-soil laid on one 
side, and all the subsoil thrown out on the other, a 
narrow-mouthed spade, technically called a spit, corre- 
sponding to the breadth of the tile to be used, is then in- 
troduced ; and with this instrument a bed for the course 
of the tile is neatly and carefully excavated, the strictest 
attention being paid to preserve a fair equality in the 
bottom, ami a regular descent for the water ; while a 
frequent use of the spirit-level is most commonly indis- 
pensable. But the mode of procedure will be distinctly 
comprehended by referring to fig. 14. 

“ A, the Drain cut to any required depth. B, the 
space for the Draining-tile. C, a bit of slate or broken 
tile, on which the tiles rest at their joinings ; a precau- 
tion which inay be omitted where the hottom is a very 
stiff clay. D, a clean-cut, green turf, the grass side 
next the tile, and clapped carefully over it, to prevent the 
tile from receiving any damage. E, E, the surface soil, 
cut out of the top of the Drain, and put above the turf. 
The remainder of the Drain is filled up, if wished, by 
the subsoil excavated, or what is more general, this soil 
Is spread on the adjoining ridges, and the sides of the 
Drain are then sloped in by the spfide. Straw, furze, 
or small brushwood, are sometimes placed next the tiles, 
but a clean good turf is preferable. It has in some few 
cases been the practice at Netherby, when the Draius 
happened to be very near the river, and carriage of 
course not expensive, immediately after the tiles were 
placed, to fill up the Drain with the clean blue stones from 
the bed of the Esk, which arc here very small, to as great 
a depth as was thought necessary, and then to finish off 
the Drain m the usual way of closing stone Drains. This 
probably makes the best of all Draius ; but with tiles 
alone the result has been most gratify jug on all the varie- 
ties of soil mentioned, where the Drains are carefully 
executed. It has been customary here to use the auger 


where the topping of springs was thought ncces- Agriculture. > 
sary.*’* . % 

'Expense of Draining hy three-inch tiles, Kxpviwe. 

- lVr rood of SI feet. 

Cutting the Drain, say on average 2 feet 9 inchvu 
deep, laying the tiles on slate or refuse 4ilt, 
cutting and laving a turf over the tile, reversing 

the surface-soil, and covering in t Q.t. 4 d. 

Tiles. 21 to the rood, say at the price paid at Netherhy 

fur three-inch tiles, 24«. per thousand 0 

Carriage of tiles, average distance three miles, three 
leads a day, a enrt currying 250, and at 5r. per 

day for horse aud cart 0 1} 

Refuse slate, broken tile, and carriage. 0 

VA rood 1 01 

Calculating in the same way, it is found that the ex- 
pense .of Draining hy jour-inch tiles amounts to one 
shilling and three-pence halfpenny the rood of twenty-one 
feet ; and that a similar process with tiles six inches in 
the span will cost one shilling and five pence farthing per 
rood ; the cutting in these cases being from four feet aucl 
a half to five feet in depth. But it is added that the 
three-inqh tiles arc decidedly the most useful for ordi- 
nary purposes. The four-inch tiles are able to discharge 
a very considerable quantity of water. « The six-inch 
tiles, unless the spring is very strong, or the Drains of 
great length, arc not so much used as the two last sorts ; 
while eight-inch tiles are seldom or never necessary, 
unless in very particular situations. 

This mode of Draining answers uncommonly well in Advun- 
the clay lands of Essex, where the soil is firm and reteii- 
tivc, and where the superfluous moisture does not i^sne 
from below, as in more porous grounds. We ourselves 
are acquainted with a district oil the hanks of a large 
river, where the common method of Draining cannot be 
rendered available owing to the low level of the fields, 
which has been much improved in its productive quali- 
ties by the use of tile Draining. A small channel is con- 
structed in every furrow, supplied with this artificial 
conduit, and covered to the depth of fifleen or eighteen 
inches with earth, so as to protect it from the feet of the 
horses when engaged in ploughing. If the tile be made 
of proper clay and well burnt, it is found to last many 
years ; and it is acknowledged by the farmers who have 
had recourse to this expedient, that their crops are .so 
much benefited by it, that they could afford to repeat 
the operation every three or four years. 

There is a method of pipe Draining wlfich fakes its p ears4M .v, 
name from j\Jr. Pearson, and has been described in pipe J)«ain. 
several publications, more especially in the XLVilth 
volume of the Transaction* of the Society of Arts . The 
ground is first opened by means of a plough, having 
what is called a horn share. With four horses, a furrow 
nine or ten inches deep by ten inches in width is raised 
or taken out. The horns are then removed, the coul- 
ters added, and eight horses attached. ThU cuts the 
soil to an additional depth of ten inches, and it is imme- 
diately removed with narrow Spades, and larger or 
smaller Draining scoojws os may be required. A second 
pair of coulters cuts the soil to the intended depth, in 
which case also •tlie earth is taken out b> the scoops. 

The total depth is now about twenty-six incites, the 
width st top ten inches, ami at bottom about one inch. 

A slide is then dropped to the bottom of the Drain, com- 
mencing at its lowest level so as to work up hill. A 
windjass is next placed at the fiill, length of the rope 

* Highland Society Essay* in Quarterly Journal vf Agriculture, 

No, 6. p.395, 
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Agriculture which is attached to the slide. Clay is next rammed 
^ firmly down on the slide with a heavy rammer, to the 
depth of three or four inches, and the slide is next 
pulled forward; leaving a cylindrical Drain, three or four 
w inches in diameter, according to that of the slide. 

Its nppli- This is, in effect, the same as that described above 
cation. under the denomination of. the earth or clay piffe Drain ; 

the mode of forming the excavation and the conduit being 
alone different. It is obvious, at the same time, that 
the efficacy- of this, as well as of the former, depends 
entirely on the nature of the soil, and the source of the 
moisture which it is the object of either to remove. 

, Surface-moisture is excluded by the very structure of 
the Drain ; foi*no sooner should it penetrate the clay 
than the tube would collapse or crumble down. But 
if the intention of the farmer extends no further than to 
convey water already collected on some particular spot 
to a rivulet or main Drain, the contrivance of Mr. Pear- 
son will be fouud to realize his views at less expense 
than any other. 

Wheel The tv hni Drain is the last wc shall mention, which, 

Uriun. though like some of the others limited in its application 
to particular kinds of land, is yet too ingenious to be passed 
over without n#tice. It is accomplished by means of a 
Draining- wheel of cast iron, weighing about four hundred 
weight. It is four feet in diameter ; the cutting-edge 
or extremity of the circumference of the wheel is half an 
inch thick, and increases in thickness towards the centre. 
At fifteen inches deep it will iut a Drain half an inch 
wide at the bottom, and four inches wide at the top. 
The wheel is so placed in a frame that it may be loaded 
at pleasure, and made to operate to a greater or less 
depth, according to the resistance made by the ground. 
It is used in Winter when the soil is soft ; and the 
wheel tracts arc either immediately filled with straw 
ropes, and' lightly covered over with earth, or they are 
left to crack wider and deeper till the ensuing Summer ; 
after which the fissures are filled with ropes of straw or 
of twisted twigs, and lightly covered with the most 
porous earth that is at hand. In this way, upon grass 
or ley lands, hollow Drains, which answer extremely 
well, are formed at a trifling expense. It is said that 
twelve acres may be fully gone over with this Draining- 
wheel in one day, so as to make cuts at all necessary 
distances.* 

Kiilges. These resources of Art are found availing in a great 
number of clkes, and have contributed much to the 
improvement of land which otherwise would have been 
of very little value. Still, in many instances where the 
surface is Hat, and the soil of a stiff and retentive nature, 
all attempts to free the ground from injurious moisture 
by means of covered Drains have proved utterly ineffec- 
tual. In most of the central Counties of England, and 
in the level plains of Flanders, the land is relieved from 
surface-water. by forming high and broad ridges of Jwenty. 
thirty, and even forty feet wide, and having the centre 
three or four feet more elevated than the furrows. The 
bctieficial effects of this method of Drainiug arc fully 
confirmed by the successful practice of the Flemings ; 
for when furrows are kept free from watef, the fields are 
always dry, and the crops abundant and healthy. But 
in some parts of England, from the improper direction 
and flatness of the ridges, as well as the shallowness of 
the furrows, these good effects have not been obtained ; 
for the water, stagnated in all the hollow places, and 

• -tyricu/tnr<tl Report of the County of Eh*cx. Loudon, p. 710. 


rendering them useless, has not only brought smne Agriculture, 
degree of discredit on the method itself, but has also led 'iyW 
\q the adoption of other less perfect methods of Drainiug. 

The indiscriminate formation of high ridges has been 
justly censured* for in a dry or loamy soil they are both 
unnecessary and pernicious; but when they are well 
rounded, not too much raised, and the. furrows kept 
clear, they afford the most efficacious means of rendering 
perfectly dry many fine breadths of land which could not 
otherwise be kept under tillage. 

A device for relieving a retentive soil from water by Draining in 
meaii9 of surface-draining, as it is practised in the Caret* the LWuf 
of Gowrie in Perthshire, seems worthy of being recorded ( ™wne. 
in this place, more especially as it is the only method 
employed in that rich and extensive district. Large 
common Drains, traversing the /arm in different direc- 
tions, and of sufficient capacity to receive the water con- 
ducted from the fields hy the surrounding ditches, 
discharge their contents into the river Tay. Every farm 
is surrounded or traversed by ditches, so as to suit the 
particular situation, all of which ajc so directed and 
arranged as to form a communication with every field 
belonging to it. The breadth of these ditches is from 
two to four feet at top, and from a foot to a foot and a 
half at bottom, and- with such a stop as to prevent their 
sides from falling in. If the fields be of a uniform level 
surface, the common furrows between the ridges, pro- 
vided they have sufficient depth at their extremities, 
serve to carry off the redundant water. But in a field 
of unequal surface, the last operation, after the sowing 
and harrowing are completed, is to draw a furrow with 
the plough through all the hollows which lie in such a 
direction that it can be guided through them, and thus 
form a free communication with any of the furrows 
between the ridges, which last act as conductors of the 
water to the surrounding ditches. When this furrow is 
formed by the plough, it is widened, cleared out, and 
dressed with the spoil e, that the risk of filling up may 
be avoided. The width is from six inches to a foot 
according to the depth ; but the breadth of a spade at 
bottom is generally found sufficient. It often happens 
that hollows or inequalities do not extend across the 
whole field, or pass through it in any direction to be 
followed by a plough, but arc limited to one or two 
ridges ; in which case the cut must be performed with 
the spade, and a communication effected with the nearest 
furrow. 

In the same part of the country, it is still the general Head- 
practice to have head-ridges at two extremities of the 
field, on which the horses turn in the process of plough- 
ing. These are raised considerably in the middle, and 
slope down to a deep furrow on either side ; and hence 
the inner furrow, communicating with those of all the 
longitudinal ridges, receives their surface-water, ami 
discharges it by an open Drain, cut through the trans- 
verse or head-ridges just described, into the adjoining 
ditches. But it being discovered that the water parses 
off more freely when no transverse ridge is formed, a 
practice has been adopted of laying the earth uniformly 
to the ends of the longitudinal ridges, an operation 
which is accomplished by returning on otic side with an 
empty plough. In this way the depression between the 
longitudinal and trausverse ridges is avoided, the longi- 
tudinal furrow being carried completely through the 
head ridge. Besides this advantage, it has been found, 
after a long experience, and the trial of different other 
methods, that, by careful ploughing, laying up the land 
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Agiiculture. equally, and rounding the ridges so skilfully that they 
shall be neither too high nor too low, all the surface- 
water is easily removed ; aud while the summits are not' 
unduly enriched nor the ftwrows impoverished, the 
whole becomes equally dry and fertile.* 

Tools. ,The tools peculiar to Draining are chiefly of the spade 

Draining kind. The Draining scoop , already mentioned, is a 
SC00 P* crooked instrument made use in some cases for clearing 
out the loose materials from the bottoms of Drains. It 
is formed of different sizes and breadths, according to 
the dimensions of the Drains ; and in working, it is drawn 
or pushed along the bottom. Sec fig. 15. 

Shovel. The Draining shovel is another kind of tool employed 
for nearly the same purpose as the scoop now described. 
It is made with a bent or crooked handle ; the edge of the 
plate being turned up so as to prevent the fragments of 
t earth or clay from falling off when lifted from the bottom 

of the Drain. See fig. 16. 

Sod knife. The Draining sod knife is an implement employed with 
great benefit in scoring or cutting out the sward, in the 
initiatory process of forming a Drain. Its figure indicates 
that it cuts like the loulier of a plough, placed horizon- 
tally, or after the fashion of a Turkish sabre. Sec fig. 17. 
Spades. Draining spades are of different sizes in breadth as 
well as in length, so ns to follow each other, and eut 
the Drains narrower and narrower as they approach the 
bottom. An upper and a pointed Draining spade are 
in general use ; the one for beginning, the other for com- 
pleting the work, while one constructed entirely of wood 
is found to answer very well in peat soils. See fig. 18. 
Straw- The Draining straw-twisting machine is of a very 

twister. simple construction, is easily removed, and is very useful 

for for ming straw into ropes for filling Drains. It con- 
sists of a small wheel, the prolonged axis or spindle of 
which terminates in a hook on which the rope, is com- 
menced. It is commonly fixed to a portable stand, but 
is sometimes attached to a 'threshing machine. Besides 
the use already stated in reference to Drains, it is found 
extremely convenient for spinhing ropes of straw, rushes, 
or hay, to be employed in fastening the thatch or stacks, 
or ricks in the barn-yard. See fig. 1ft. 

Irrigation . 

Necessity. The fertilizing effect of water is one of those natural 
phenomena which force themselves on the observation 
of mankind. It is seen, at the first glance, to be abso- 
lutely essential to vegetable life. In those climates 
in which evaporation is the greatest, Nature has generally 
provided the most plentiful supply of this fluid in rains 
and dews. But the rains, in many cases, occurring 
only at particular seasons of the year, are insufficient for 
the nourishment of plants during the remainder ; and, 
hence, the art of the Irrigator becomes necessary to 
meet this want, and to secure the means of a more per- 
manent fertility. Without the systematic conveyance 
and distribution of water, some of the richest Countries in 
the World could not have supported their inhabitants, 
and the* earliest husbandmen, accordingly, must have 
known and practised the cultivation of land by means 
Antiquity, of Irrigation. The author of the Book of Ecclesiastes 
informs us that he 44 made gardens ami orchards, and 
planted trees in them of all kind of fruits ; and that he 
made pools of water to water therewith the wood that 

* Klkingfon, Mode of Draining, p. 172. Appendix on Hollow 
Be dniiug by Mr. Johnstone, the editcr of his book. 
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bringeth forth the trees.” In Egypt, where the regular Agriculture 
inundation of the Nile soon taught the natives the value 
of this Art, we find it practised on a scale of grad mag- Eg) ptian. 
nitude ; and hence the canals and vast lakes excavated 
by that celebrated people are more praiseworthy monu- 
ments of their genius than all the Temples and Pyramids . 
with which they have covered a large portion of their 
Country. Prom the valley of the Nile, it is believed, 
the knowledge of Irrigation was extended to the notions 
of Europe. The Greeks aud Homans, it is. manifest, Orcik an»I 
were?, well acquainted with it; and the Agricultural Homan, 
writings of the latter, accordingly, ^re found to contain 
many allusions to the benefits arising from the watering 
of land. Rice, which furnishes food to 6 great part of 
the human race, could not, as .is well known, be culti- 
vated .without a constant supply of water collected by 
Ail ; and therefore over *tlui vast regions of Central and 
Southern Asia, the Irrigation of the soil from rivers, Asiatic, 
brooks, tanks, and wells, is a labour quite indispensable 
to the maintenance of a crowded population. Even in 
the more Southern Countries of Europe this Art is more Kurupean. 
or less practised ; water being conveyed in little chan- 
nels to the corn-fields, vineyards, and olive plantations. 

The mode of conducting it from the rivejs and canals, 
and the measuring it out indeterminate quantities, ac- 
cording to the wants of the soil, and the nature of the 
crop, forms in several districts of Italy a nice part of the 
Science of engineering. * In Piedmont and the whole 
valley of the Po, the water is frequently paid for by the 
hour, and the utmost care is shown in economizing so 
precious a commodity. 

The main object of Irrigation, however, in all the ObjerK 
intertropical climates, and even iu the warmer parts of the 
temperate zones, seems to be merely to convey to the 
earth that quantity of water which is necessary fur the 
growth and nourishment of the particular plants which it 
is the object ol the husbandman to raise. Sometimes, 
as in the case of rice, the laud mast be saturated for 
successive months, and, in other circumstances it is 
enough if it be merely watered at intervals, during the 
periods of greatest 'evaporation. In all tluse cases, 
indeed, the main purpose is the same, namely, to supply 
the deficiency of water in the soil ; and this creates a 
remarkable distinction between the Irrigation of the 
tropics, aud that to which we apply the term in Eng- i:> E.^lund. 
land, with relation either to our watered meadows, or 
the process which in some districts of thtf* Kingdom is 
technically culled warping. As to the former of these 
it is perfectly certain that the object is not to provide 
against a want of moisture in the soil, for the water is 
conveyed over the surface at that period pf the year, the 
months of Winter, when there is an excess rather than a 
deficiency of the aqueous fluid in the earth. Nay, it is 
held necessary in every well formed meadow, to drain 
die ground very thoroughly of all subterraneous water. 

Nor is 1 * this the only distinction between the two kinds 
of Irrigation. In the one, the water is generally allowed 
to stagnate until it shall have saturated the soil ; in the 
other, it is never allowed to stagnate, but is maintained 
in a constant flow over the surface. 

The theory of this curious process has not yet been Uncertainly 
satisfactorily explained. That the effect is not pro- °f ils 
duced by the mere supply of deficient water appears, lht ’ or f* 
as vre have just remarked, not only from the period at 
which the water Is .admitted, when in our climate the 
ground is saturated with moisture, but also from the 
fact that the (Effect is produced by the current beiug 
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Agriculture, kept constantly running over the meadow, bind not 
\-y-w by being allowed to stagnate and sink down into the 
soil. When the water is suffered to stagnate, there are 
produced caricet*, jwnct , and other plants of an aquatic 
nature ; but when it is kept in motion and drained off 
at intervals, there shoot forth ' the finest.grasses peculiar 
to the soil and climate. Neither does the fact of the 
deposition of mud explain the phenomenon in question, 
for, however much such depositions may increase the 
effect, it is found that water likewise, without the least 
perceptible sediment, may be employed with /great 
benefit. Jt has bgen supposed that the water acts 
favourably by maintaining the soil at a higher tempera- 
ture than it vfauld retain if exposed to the direct action 
of the atmosphere. Much, however, cannot be useribed 
to this cause in a current so^ shallow ami constant as 
that which passes over the watered meadow. It has, 
therefore, been suggested that the main effect is pro- 
duced by some Mechanical or Chemical agency, in a 
manner still unknown to us, on the plants or the boil. 
In these circumstances of doubt and ignorance all that 
the irrigator is culled to do, is to murk carefully the 
effects which are produced, according to the variations 
of his practice, to admit the water at the time and for 
the periods which experience points out as the best, to 
inaintuiu it in a current, and not in a stagnant state ; 
mid above all, to attend to the rules and precautions 
which the most enlightened usage has recommended. 
Xecwdtyof We inay, therefore, rest satisfied with this practical 
cxi'cuencc. conclusion, that as land may be injured by an excess of 
moisture, so may it, in certain circumstances, as ex- 
perience has prmed. be found deficient in its productive 
qualities from the absence of a due proportion of it. In 
all Countries Southward of the forty-fifth degree of 
latitude, the study of the landholder, as has been already 
remarked, is more frequently directed to the means of 
procuring aqueous nourishment to his plants than in 
conveying away, by drains, the superabundant supply 
by which the British Agriculturist is almost constantly 
annoyed. The success of the former during tire hot 
season of the year, depends iu no small degree on the 
command which he possesses of lakes or rivulets by 
means of which he may Irrigate his parched fields, and 
restore life to his decaying crops. In this Country the 
various processes of Irrigation are applied chiefly to the 
improvement of pasture lands, but there are situations 
also where 9 deposition of earthy matter from the water 
of a river is esteemed useful for fertilizing a sandy soil ; 
on which account we shall treat the subject generally as 
applicable to both these departments of Agricultural 
economy, tillage and the feeding of cattle in the field or 
in the stall. 

Quality of The quality of the water fittest for this purpose must 
"llic water, lie-tried by experiment, to r it is obvious that the benefit is 
nut derived simply from an increase of moisture, but 
more especially, us has been suggested, from the Chemical 
properties of tile fluid as cooperating with those of the 
soil on which it is spreud. Let a smull portion of laud 
be floated for a mouth about the latter end of harvest, 
and afterwards tor a week or two about 4|ie beginning of 
Spring. The effects of this easy experiment will appear 
oil the crop, both in respect of quality and quantity, 
while the temperature of the water may be determined 
by us power of resisting early frosts, a consideration of" 
no small consequence in this mode of improving lurid. 
The appearance of the water is not of itself sufficient to 
afford a criterion of its properties. Thick muddy rivers, 


enriched m their passage through large towns, will be Agriculture, 
found to reward the labour of the husbandman ; while 
clear Alpine streams, on the other hand, will chill instead 
of fertilizing the soil on which they are detained, with 
regard to those waters, again, which are known to flow 
through beds of marl, there is reason to believe that 
much advantage may be gained from the uBe of them, 
in producing a sweet and rich verdure the most valuable 
for pasturage. Warm rivulets, containing a great quan- 
tity of spring water, and resisting early frosts, may be 
expected to have the same beneficial tendency. But 
mossy waters, darkened by the tincture of peat bogs, arc 
very unpromising for the purposes of Irrigation ; though 
it may be right in some cases to give them a trial, for if 
impregnated w ith marl, or spread upon grounds abound- 
ing with calcareous ingredients, they will be products e 
of certain benefit.* • ' . 

It is observed by Sir H. Davy, that common river sir II. 
water generally contains a certain portion of organ izable levy’s re- 
matter, which is much greater after rains than at other nwk ®- 
times; ami which exists in the largest quantity when 
the stream arises in a cultivated colintry. But even in 
cases in which (he welter used for flooding pasture lands 
is pure, and free from animal or vegetable substances, it 
acts by causing the more equal diffusion of nutritive 
mutter existing in the land ; and in very cold seasons 
it preserves the tender roots and lea\es of the grass from 
being affected by the frost. Water is of a greater spe- 
cific gravity at 42° of Fahrenheit’s scale than at 32°, the 
freezing point ; and henoe, in a meadow Irrigated dur- 
ing Winter, the water immediately in contact with the 
grass is rarely below 40°, a degree of temperature not 
at all prejudicial to the living organs of plants. “In 
1804,° says he, “in the month of March, I examined the 
temperature in a water-meadow, near Ilungcrford, in 
Berkshire, by a very delicate thermometer. The tem- 
perature of the air at Feven in the morning was 29°. 

The water was frozen above the grass. The tempera- 
ture of the soil below the water in which the roots of the 
grass were fixed was 43°.” In general, it is added, 
those waters which breed the best fish artKlhe best, fitted 
for Irrigation. It is, however, a general principle, that 
waters containing ferruginous impregnations, though 
possessed of fertilizing effects when applied to a calca- 
reous soil, are injurious on such os do not effctvescc 
with acids ; and that calcareous water, which is known 
by the earthy deposits it affords when boiled, is of much 
use on silicious lauds, or other soils not containing any 
remarkable quantity of carbonate of liino.t 

To pursue the subject a little more systematically, 
we shall consider the effects of Irrigatiou^rsf, as it ap- 
plies to corn lands, and secondly , as it respects those 
which are used for pasture, as well as for raising crops 
of hay. 

1. The process, as applicable to Uie former, is com- Irrigation 
monly called warping, a provincial term, the meaning 0,1 cw 11 
of which will be best explained by the description which „ 
follows. In some districts it is jastly considered us one ' ari ’ 
of the principal means of improvement, adding to the 
value and thickness of the sod every time it is repeated. 

In fact, a new soil is artificially created by the operation 
in question, and generally one much superior in quality 
to the surface which it is brought to cover. It is not 
indeed in every situation tiiat warping can be used, but 

* Brown ox Rural Affairt, vol. ii. p. 2t>3. 

f Agricultural CJtemuiry, p. 318. 
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Agriculture, wherever it is practicable it. ought to be employed, if the 
land be not already saturated with the elements of ferti- 
lity. The expense, it must be obvious, will vary accord- 
ing to circu instances, but even when at the greatest, it 
is not to be compared to the immense benefit which is 
thereby conferred upon thin and hungry soils. 

Originated It was in Yorkshire that warping originated, and 
in York- there it is still carried on to a great extent, especially on 

b ' ure * the banks of the Quse and of the Humber. The forrtier 

of these rivers, from the circumstance of receiving into 
its bed most of the streams which intersect the Southern 
parts of 'that County, is constantly stored with all sorts 
of alluvial matter; and being kept in motion by the 
tide which flows several miles above York, the floating 
earths are not allowed to deposit themselves, but are 
conveyed by the process of warping over the adjoining 
• grounds, which for the mdst *part are flat and easily 

Best flooded. Of all others, low land is the most capable of 

adapted to being improved in this manner ; and while it is enriched 
low lands. s0 s i m p] e an expedient, no injury is inflicted upon 
such farms as arc placed beyond the reach of the benefit. 
Fittest sea- June, July, and August are considered to be the 
sona. best months for warping, on account of their being ge- 
nerally the driest months in the year ; though land may 
be warped at any season, provided the weather be not 
wet, nor the fresh water in the river very low. When 
the season is wet. and the .rivers full, the operation of 
warping cannot be conveniently executed, as the fresh 
water, mixing with the tide, dilutes the current to a 
great degree, and consequently renders it incapable of 
depositing the same quantity of sediment upon the land 
a9 fakes place when the process is performed in fine 
weather; neither is the water got#o readily Off the irri- 
gated grounds. There is no advantage in warping laud 
in the Spring, in preference to the Summer, as no crop 
can be obtained the year this expedient is adopted ; 
for the sediment must fiave time to consolidate and 
dry before the ground can be cultivated with any pros- 
pect of doing good. Warped land is supposed to be 
well calculated for producing potatoes, immense crops of 
that valuable root being raised on soils so managed, 
though naturally of a very inferior order. 

Strict defi- From what has been stated, it will !>e understood that 
niuon. warp consists of the mud and 9alts left by the water on 
th& surface of the fields which have been flooded ; anil 
that the technical expression warping comprehends all 
4hc processes necessary to admit the’ tide water, and to 
secure the deposit of its sediment upon the laud meant 
to be improved-. The letting iu of fresh water would 
not be called warping, but simply flooding. Frenh 
Water, though useful at proper seasons, would by no 
means answer the same purpose as river water stirred 
lip by flic tide ; because it never could furnish a suffi- 
cient sediment for thickening the soil ; neither would 
4 the sediment be of so rich a nature as what is furnished 
by tide water. 

Mode of A complete detail of the different operations in the 
operation, process of warping is given in the Agricultural Survey 
, of the IVtsl Riding of Yorkshire, FrOm that Work it 
appears that the land to be warped must be banked 
against the river whence the supply of water is derived. 
The banks arc commonly made of earth takeu on the 
spot, are constructed in a sloping form, and are raised 
to such a height as to regulate the admission of water 
at the spring-tides. The openings ore more or less 
numerous, according to Ifie extent of the land to be 
warped ; but in general there are only two sluices, the 


one called the flood-gate, the other the clough; the ob- Agricii] 
ject of the first being to admit, while that of the lust is 
to let off the wafer gently, during the rise and fall of the 
tide in the river. When the spring-tide begins to ebb, 
the flood- gate is opened to admit the current, the dough 
having been previously sliut" by the weight of water 
brought up the river by the flow. As the tide ebbs 
down the river, the weight or pressure of water being 
taken from the outside of the dough next the bank, the 
tide-water which has been previously admitted by the 
flood-gate, opens the dough again, and discharges itself 
slowly but completely through it. # The doughs are so 
constructed os to let the Water run off, between the ebb 
of the tide that was admitted and the flow 0 f the next ; 
a point to which particular attention is paid, and the 
flood-gates are “placed so high as to be above the level 
of the common tides, ancl so as to receive the water only 
at the springs. 

It is not unusual to plant willows on the sloping sides Willow 
of the banks, with the view at once of breaking the planting 
force of the stream, and by produdng an accumulation 
of mud of defending them from the action of the water. 

But the experienced husbandman avoids all such plan- 
tations on the top of his bunks, knowing hat he would 
thereby give to the winds a great additional power, and 
expose his works to much serious damage. 

We need not remark that the deposit is made by the Deposit, 
ebbing tide, as the rush from the ocean rather checks 
the current which comes down loaded with the spoils of 
the land from the higher parts of the country. Near 
Howden, it is said, one tide will deposit warp to the 
depth of an inch ; an effect which is increased or dimi- 
nished according to the distance from the mouth of the 
Humber. Cherry Cob Sands were originally gained 
from this river by warping, and are supposed to possess 
a deposit of alluvial sediment not less than twelve feet 
deep. They were ploughed .fourteen or sixteen years Sulwqu 
before they became fitted for grass seeds ; but now the culture, 
greater part of the tract is used for pasture, and yields a 
most nutritive herbage. Grass-land, we are assured, is 
not warped a second time, until the plants are found 
beginning to wear out ; upon which the process is com- 
monly renewed, the water is again admitted, the plough 
once more stirs its surface, and a succession of corn crops 
are drawn lroin the renovated soil, before it revert#, as 
in the first instance, to the uses of pasture. It is true 
that trie best mode of cultivating warpetl lauds must 
depend principally on the nature of the matter deposited 
as well as of the subsoil. _ In the Code of Agriculture, it 
is recommended to sow such grounds with clover, and 
to let it lie under that crop for two years, in order that 
it may be brought into a fit state for corn. Even though 
fallowed, it does not answer to sow land with wheat 
immediately afler it has been warped ; but afler white 
or red clover for two years, a good crop of wheat may 
generally be relied on* Nqr is it proper, says the same 
authority, wheu land is warped, to pldnt it with pota- 
toes, or to sow it with flak ; being at first of too cold a 
nature ; though if the land be not too strong for potatoes, 
these crops may answer, after it has been two or three 
years under cultivation. In thequalitv of warped land, we Quality c 
need not add, there are.inost essential differences ; some *h* ^iwl. 
is found very strong and some very friable even in the 
same field. Tlje portion nearest the sluices and the 
general run of the water, is commonly the lightest, owing 
to the qaahtity of sand that is deposited as soon as the 
current enters the enclosure; while .that furthest from 
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Agriculture, the river bank is usually the best, as the deposit takes 
N place more undisturbed, and in much greater abundance. 
Smith of The irrigation of arable land, as we have repeatedly ' 
France and observed, is universal in warm Countries, and even in 
Ilalv ' the South of France and Italy. It is laid out in narrow 
beds, between which the water is introduced in furrows 
during the growth of the crop and absorbed hy the soil. 
The principal expense of the operation is that of pre- 
8 paring the ground by throwing the surface into a proper 
level. The main run, or carrier, as it is called, is con- 
ducted to the highest part of the. field, and all the test is 
easy. In the General Report of the Agriculture of 
Scotland , it is stated, that a field of waste land, which 
• had been flooded during Winter with stagnant water, 
was thereby rendered capable of bearing a plentiful crop 
of oats, without the use of any species of manure. But 
this process, it has been justly observed, partakes more 
of the nature of warping than of simple Irrigation, par- 
ticularly as the latter is practised in India, and in the 
Southern parts of Europe, during the course of vegetation. 
Snldcrra- There is a species of Irrigation which is denominated 
iiooim Irri* subterraneous , to distinguish it from that which has just 
Ration. | )4 . en described. It appears to have been first practised 
in Lombardy, and is mentioned by Professor Thouin, in 
the A nnalesrdu Mu see. As its name imports, it consists 
in saturating the soil with water from below, and is 
effected by surrounding a piece of ground with an open 
drain, and intersecting it by covered channels of smaller 
dimensions. If the field is one level, as happens in 
most cases where this system is adopted in Italy, nothing 
more is necessary than to fill the drain, and to keep it 
full till the land has been sufficiently soaked. But if it 
lies oil a slope, then the lower ends of the smaller drains 
must be closely stopped, and the water admitted only 
•into the main one on the upper side ; this last must be 
kept full till the land be saturated, when the mouths of 
the lower drains may be opened to carry off the super- 
fluous water. The practice is applicable either to pasture 
or to arable lands, under a climate more distinguished 
for heat than moisture. 

In Britain. In our own Country subterraneous Irrigation has been 
applied, in a very simple manner, to drained bogs, mo- 
rasses, and fen lands. All that is necessary is to build 
a sluice in (lie lower part of the main drain, where it 
leaves the fields to which attention is directed, and in 
dry weather to shut this sluice, so as to dam up the 
water and throw it back into all the subsidiary drains, 
whether cofercd or uncovered. This method has been 
introduced with great advantage in various parts of Scot- 
land, and also in Lincolnshire, where extensive drain* 
ages have lately been accomplished. 

Irrigation 2. But in these Northern latitudes. Irrigation is much 
of £r.uutg more frequently applied to grazing-grounds than to such 
laatl8, as are meant for tillage. For the former, the original 
quality of the soil is of little importance; wherever the 
water deposits a good deal of sediment, the natural po- 
verty of the surface being soon fertilized by the enriching 
ingredients with which it is imbedded. This observa- 
tion, it is true, ‘respects the meadows of England more 
directly than the artificial pastures of Scotland ; for, 
in the latter Country, the streams for Hie most part de- 
scend from barren hills, and, accordingly, convey hardly 
any other deposit than silicious sand and coarse gravel. 

The author of the Work entitled Rural Affairs , who 
has evidently bestowed much attention on the Irrigation 
of various soils, recommends to his readers the follow- 
ing results as the fruit of experience. He has found 
vot. vi. 
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tlmt perennial red clover prospers in watered meadows. Agriculture, 
having a due proportion of marl or limy ,i,e | alu j >. v _^ 

itself, or in the water with which it is moistened, w\w\ c Various 
the common broad red clover speedily dies out • that K r,lNSea P ro * 
the plants of Hokus lanalus , the soft, vernal, woolly, ducedi 
meadow grass, prosper in any soft soil, especially it ;’i 
be also watered; .that Poa tnvialis , the rough-stalked 
meadow grass, delights in the soils last mentioned, it 
they are possessed of a degree of moisture between loam 
and bog; that Cynosurus cristatus , the crested dog-tail 
grass, thrives extremely well in watered loams, al- 
though Botanists seem not aware of this fact; that 
Anthoxanthum odoratum , scented vernal grass, will 
hardly fail in any watered* meadow where it has been 
once established, however coarse may be the soil, adding 
nqt only to the bulk and weight of hay, but communi- 
cating the sweetest odour to the whole crop, if made in 
dry weather ; that the genus of grasses, called Agrostis , 
or bent, furnishes two species which are very good plants 
in watered meadows, the Agrostis alba , and the Agroilis 
stolon ifer a ; that in loams completely broken with the 
spade, and then watered, Trilicimn re pens, couch or 
quick grass, forms a valuable plant' for hay; and that 
for soft peat bogs, no plant yields more hay than the 
common spratt, the J uncus articulatus, which in richly 
watered meadows comes forward very early, and would 
scarcely be known, if mown before feeding, by those 
who never saw it cut in proper time. 

“ All these plants,” says Mr. Brown, M are adapted to 
furnish a crop of hay, and also to yield a very abundant 
pasturage ; but at present they can hardly be obtained 
in the seed-shops, excepting perennial red clover, which 
is sold under the name of marl grass. A farmer must 
have a portion of good grass, or purchase it from others ; 
leaving it to stand till the seeds are mostly ripe, and then 
taking care to preserve these for sowing in his new 
meadow grounds. I have n^t often met with perennial 
rye grass in watered meadows, and ain inclined to thiuk 
that it does not prosper there ; but as I kuow that it 
will stand for a season or more, it may be soon inter- 
mixed, and will thicken the grass in the mean 

The water should bo let on early in the month of Season. 
October. The effects of this watering are very import- 
ant in strengthening the roots and stalks of plants, and 
preparing them for vigorous shoots in the Spring ; and 
the blades that* now rise form a rough coat against 
Winter, protecting the more delicate organs of the vege- 
table frame from the severity of that season. It some- 
times happens, also, that by delaying the process too 
long'early frosts supervene, and very much impede, or 
even entirely defeat, the main object of the operation. 

If the land be rich, it will generally be found that three 
weeks are sufficient for the first turn ; but if it b? sour 
and coarse, four weeks may be necessary. The verdure 
wiU then be fine, aud the soil rich and yielding. 

To apply Irrigation judiciously to meadow land, a Method ot 
stream of* water must be conducted to the surface arid 
made to flow over it in a constant manner ; it being un- 
derstood that the grounds to be so treated lie upon the 
banks of the river from which the supply is to be con- 
veyed, and forming a^flat surface, or rather a gently 
inclined plane. To the highest part of this inclined 
surface, the water is led in what is termed the main con- 
ductor, either by building a wear or dam across the 
river where the water is to be taken ofF, or hy bringing 

•. Bro*.vn, On llurvl /Jffnles, \ol. ii. p. -f’J. &o. 
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Acp’wiilh-.re. it by means of a cut from a higher source*. Tn fig. 20, 

s -**v** / A represents the main -conductor, and B the wear or 
dam. 

From the main conductor, and as nearly as possible 
at right tingles to it, are taken off the various feeders, 
C, C, C, Slc. These consist of small trenches a few inches 
in depth, made widest when they issue from the main 
conductor, and gradually lessening as they recede from 
it. They may be formed at the distance from each other 
of forty feet or less, being closer where the soil is stiff 
and retentive, and further distant where it is loose and 
porous. By this means the water is conveyed to the sur- 
face of the meadow. Blit as it is necessary that it should 
maintain an equal flow over the ground, nnrl so be carried 
off as quickly as it is admitted, the main drain D, D is 
formed at the lower part of the meadow, and the smaller 
drains E, E, E pass in the intervals between the feeders, iu 
the manner exhibited in the diagram already referred to. 
These small drains arc of the same dimensions as the 
feeders, hut are larger where they enter the main drain, 
and become gradually smaller as they recede from it. 
The main drain conveys the water back to the river 
from which it was taken; but in many instances, this 
drain becomes, in its turn, the main conductor to another 
meadow on a lower le\el. The water which had floated 
the upper meadow being collected in this drain, is carried 
off from it by means of feeders in the manner described, 
and again collected in a drain below; and, in this man- 
ner, various. meadows arc successively irrigated by the 
application of the same water. Even where the lower 
meadows are nearly on the same level as the higher, it 
is still expedient to resort to this repealed colled ion of 
the water in drains ; for, in piacticc, it is found difficult 
to preserve the equal flow of the moisture over a large 
breadth of ground. 

In order to keep the water as it descends through the 
feeders at the necessary le^cl, and to cause it to overflow 
the surface, it is interrupted in its progress by what are 
termed stops, placed in the feeders. These sometimes 
consist of small pieces of plank, each resting on two 
little stakes. But oftencr they are merely sods thrust 
into the feeders and occasionally fastened with wooden 
pins. It is the province of the person who superintends 
the meadows, when floated, to adjustthe.se stops in such 
a way as to maintain an equal current over the whole 
surface. Further, in order to convey the water quickly 
from the feeders to the drains, the face of the meadow is 
generally moulded into low ridges, the feeders being on 
the top of the ridge and the drain in the hollow, so that 
a transverse section would appear, as in fig. 21 ; a 
representing the feeder, and b b the drains! In the lan- 
guage of the scientific Irrigator, the interval from b to a 
is termed a pane; and in fig. 20, the space i which is 
left for a carriage way above the main conductor, is 
denominated the main pane, and is watered from that 
conductor.* 

On grounds Such is the most perfect form oft he watered meadow. 

<mu*h in- JJut when the inclination of the plane of the surface is 

Mud. considerable, a different principle must be adopted as 

regards the conveyance and distribution of the water. 
In this case the feeders are not carried longitudinally 
through the meadow, but across the line of the descent, 
ir^the manner represented in fig. 22. Here the several 
feeders are filled as before from the main conductor, but 


* Stephens, Practical Irrigator . Quarterly Journal of Agricul- 

ture, No. VI. p. 781. 


when they overflow their banks instead of discharging Agriculture, 
their water into the smaller drains, they throw it into the 
next feeder lower down ; and thus the fluid is conveyed 
from feeder to feeder over theentire space of the meadow. 

This species of Irrigation is termed catch work ; and, as 
it can be applied where the surface is too much inclined 
to admit of the flat meadow*, it is frequently practicable 
where the other is not, and is often combined with it on 
the same ground, where there are swells or considerable 
inequalities. 

We Jhave remarked above that the process of floating Periods, 
generally commences in the month of October, being as 
sooft as possible after the later grass is consumed, or the 
second crop of hay removed. The water to kept in the 
ground from fifteen to twenty days at a time. It is then 
let off, and the meadow laid perfectly dry during fhc or 
six days; and this process of alternate flooding and 
drying is continued generally in the months of November, 

December, and January; care being taken to remove 
the water whenever it begins to freeze. As the Spring 
advances and the grosses shoot , forth, the periods of 
watering are shortened so that the flooding shall not last 
above five or six days at a time. In the Southern 
Counties of England, the meadows are ready for the 
reception of stock of all kinds in the middle of Match ; 
but further to the North, where the grasses do not make 
such early progress, Irrigation is usually continued 
during the whole month of May. After this it is dis- 
continued for the season, and a crop of hay, sometimes 
two, are produced to reward the funner lor his pains. 

Flooding is rarely practised during the Summer months, 
though the admission of water at that season occasions a 
rapid anti profuse vegetation. It is suspected that it is 
by Summer Hooding the fatal disease of rot is intro- 
duced ; and accordingly the experienced AgrictiUurisf 
does not permit his sheep to graze on the meadows 
which have been covered with water any time between 
May and September. 

England, it has been remarked, is the natural Country Roman 
of the watered meadow ; being perhaps the only one knowledge 
where the practice of the Art is understood and carried °f Irriga- 
on as a regular branch of rural labour. Theie is iio t,0^ • 
room to doubt that this branch of knowledge, like many 
Others, was derived from t lie Romans. For though. in 
modern Italy the Irrigation practised seems merely de- 
signed to convey water to the soil, yet from various re- 
marks in the writings of the ancient anthers, it would 
appear that those illustrious husbundmen were acquainted 
with the principles of that more artificial process of 
which we now speak. It is well known that, a great 
preference was given by many of the Romans to (he 
meadow as compared with corn land, as being more 
profitable to the occupier. The maxims oF the elder 
Cato on this subject, have been handed down to us, and 
are often quoted. He speaks frequently of the watered 
m endows : Praia irrigua, si aquam habtbis, potissi - 
mum facito ; ri aquam non hahebis % sicca quarn plurima 
facito, “If you have water irrigate as many meadows 
as possible; if you have not water, make us many dry 
meadows as voy can.” Pliny, Columella, and Palla- 
dius express themselves to the same effect. But to 
whatever skill the citizens of Rome may have attained, 
prior to their conquest of Britain* there urc circumstances 
peculiar to England which have conduced more to its 
perfection here than even in Italy, where, in our days at 
least, natural meadows are more rare, and where all that 
is required to fulfil the highest purposes of the husband 
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Agriculture, man is to convey a little water, no matter how, to the 
parched surface of his fruitful soil. This Country is, in 
particular, admirably suited to the production of the 
cornuiQii grasses. These appear in a variety of species 
unknown in more Southerly climates, and grow with a 
closeness and vigour unparalleled in higher latitudes. 
The rivers, too, especially in those Counties most ccle- 
bruterl for this branch of husbandry, are generally turbid, 
and, flowing through fertile and cultivated districts, are 
enriched with the animal and vegetable matters which 
they receive in their progress, and thus not only irrigate, 
but positively manure the lands to which they arc con- 
veyed. Gloucestershire and Wilts have long been cele- 
brated for tficir superior Irrigation ; and there are now 
other divisions of the Kingdom not inferior to them in 
the extent and perfection to which the practice has been 
carried. • * 

.Irrigatiim Tn the Northern Counties of England, as well as in 
not ninth' those beyond the Tweed, this mode of improving land 
Noriii uf m * lfls not h*^erto h*en very generally adopted. Perhaps 
Britain. tiie diminished temperature is unfavourable to Irrigation ; 

while the rivers, rushing over a rocky bed and between 
precipitous banks, do not afford the same facility for in- 
undating, in a regular, periodical manner, the adjoining 
fields or irftadows. An attempt was made in Dum- 
friesliire some years ago ; but the result, owing to igno- 
rance and prejudice among the tenantry, or perhaps to 
local peculiarities which could not be controlled, was 
Edinburgh, very little encouraging. The vicinity of Edinburgh, we 
are informed by Mr. Stephens, presents almost the only 
exception in Scotland to the remark just made in reference 
to want of success in the processes of Irrigation. About 
two hundred acres moistened by the common sewers of 
the city, 14 produce crops not to be equalled, being cut 
from four to six times in the year, and the grass given 
to milch cows.** The annual rent of those meadows 
ranges from £20 to £i0 per acre, according to the con- 
venience of the situation, and the care bestowed on the 
land ; nuy, he mentioned ail instance in which the price 
rose so high as «£*57 the acre, for a single Summer.* 

Manures . 

Division. No sooner is land relieved from the deteriorating 
effects of superfluous moisture, than it is fitted for the 
application of those animal or vegetable substances 
which, whejj reduced to a putrescent state, are known 
under the general name of Manures. Our limits will 
not permit us to enter into the minute details which 
might be desired by the practical Agriculturist ; but 
whatever deficiency may appear to arise from the 
abridged nature of our plan will,, we hope, he amply 
compensated by copious references to the best authors 
who have treated inis important subject. To assist the 
comprehension of the reader we shall arrange our obser- 
vations under the five following heads; Calcareous, 
Earthy, Vegetable, Animal, and Miscellaneous. 

Caicareou The most common form in which calcareous matter 
A amirtw. appears is that of lime, a substance than which there is 
Lime. none more familiar, whether as ati article employed in 
the Arts, nr as used for the purpose of improving land. 
As it exists in Nature, it is always in a state of combi- 
nation with an Acid, the carbonic or sulphuric, and not 
unfrequontly with clay and silieious eurth. When lime- 
stone is subjected to a strong heat, the gaseous matter 


with which it is combined is cxpelhM, nnd it is found to Acnculiure 
have lost a portion of its weight equal to that of the ^ - L * 
elastic fluid which lias escaped. When the binned umvi 
is exposed to u moist atmosphere, it absorbs water 
swells, and falls down into a powdet , denominate 1 
quick-lime, and which is more or less pure accoiduu; to 
the nature of the stone. It has, moreover, acquired new 
properties. Limestone, although pounded down to a 
line sand, has no perceptible effect on animal or vege- 
table matters ; but burned or calcined lime is extremely 
acrid ond corrosive ; and hence the distinctive characters 
of this mineral in its two states as mild and caustic. 

Ah limestones have very different degrees of purity, it Ehtimateof 
is obviously of the highest importance to ascertain the purity, 
quantity of calcareous matter which enters into their 
composition. Ju general, then, it may be observed, that 
the greater the loss of weight which they sustain in burn- 
ing the larger is the proportion of pure lime. A pietty 
accurate estimate may be made of the quantity of cal- 
careous matter in any limestone, by observing first, how 
much diluted nitric or muriatic Acid is required for the 
complete saturation of a deternfinnte portion of the 
purest limestone; and secondly, by ascertaining how 
much of the limestone to be examined will saturate an 
equal amount of the same Acid. If in the latter case a 
double quantity is found necessary, then the stone con- 
tains only half the quanrity of the calcareous earth which 
iH in combination with the purer specimen. But prac- 
tical Agriculturists usuully have recourse to a simpler 
and more obvious test; which consists in the measure- 
ment of the burnt lime in the unslakcd state, as com- 
pared w fill its bulk ill the state of powder after it is 
slaked ; the latter being three times the volume of the 
former when the limestone is of a good quality. 

The soils which are most improved by the use of lime Soils, 
are those usually denominated cold and stiff, such as 
strong clays ami deep lonrnff, or such as arc combined 
with u large proportion of vegetable matter, but contain 
no calcareous earth in their composition. It may, in- 
deed be regarded as advantageous to all lauds except 
such as display sandy or calcareous ingredients. Con- 
siderable diversity of opinion prevails indeed as to the 
time and circumstances in which lime ought to be 
applied. But. in whatever way it operates, whether by 
its mechanical effects on the sod, altering its consistence 
and texture, or by certain Chemical changes on the or- 
ganized matter contained in the Globe, there can be no 
doubt that, in older to produce the desired result, it 
must be equally and uniformly distributed over the sur- 
face of the field. To ensure this object, the lime must 
be in the form of powder, and in as dry a state as pos- 
sible. For this purpose the calcined stones should be 
luid together in considerable heaps ; and as they absorb 
moisture from the earth or atmosphere, they gradually 
swell and fall to pieces. Might it not be suggested as 
a useful and convenient method for the equal appli- 
cation of lime to mix it carefully with a quantity of dry 
earth? and if mould of a different nature from the soil 
to be improved could be easily obtained, the increased 
value of the compost as a means of fertilizing the land, 
would doubtless be an ample compensation for the addi- 
tional labour nnd expense. ' 

As lime cannot produce its effecis without being inti- Mode of ap* 
malely. mixed with the soil* it follows that it should not Location, 
be applied except when the latter is diy, and in as com- 
plete sv state ol pulverization as can be necmiipli-hed by 
tile operations of tillage. Another gencta! “ liC 


• Practical Irrigator. 
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Apiculture, observed in the use of this Manure, is that it should be 
v-— mixed with the soil near the surface. The most proper 
time for its application, therefore, seems to be when the 
operations of fallowing are concluded, when it may 
be either harrowed in, or covered with a very light 
ploughing. On the same, principle lime is best applied 
to lands destined for turnips, wheat, and similar crops, 
immediately before the deposition of the seed, so that a 
moderate harrowing is the only operation which remains 
to be performed. Repeated ploughings are ^recom- 
mended by some authors tor the purpose of mixing cal- 
careous Manure thoroughly with the soil; but there is 
no small risk that a part of it shall be thereby carried 
down beyond the reach of vegetation, an effect very 
frequently produced when grass lands are limed and 
then subjected to a deep furrow. 

SoAtonfor When time is to be used as atop-dressing for pas- 
ter dress- tore land, it should be applied early in the Spring or 
m B' Autumn, rather than in Summer or Winter ; because in 

hot weather the grass is apt to be burned up, while in 
Winter the effects of this Manure are supposed to be 
diminished by the frdst. 

Renewals. It is deserving of notice that great care is requisite in 
renewing the application of calcareous matter to the 
same field, even at a considerable distauce of time ; for 
it has been found that, on soils where it produced, in 
the first instance, the very best effects, the repetition of 
it, in the same quantity, has either not been attended 
with any beneficial result, or *with one positively inju- 
rious. Hence it has become in many parts of the 
country an established maxim to apply lime in propor- 
tions constantly decreasing, and always in the form of 
compost with olher earthy or animal substances. „ 
Quantity. No precise rule can be laid down as to the quantity 
of this Manure which should be applied to every par- 
ticular species of land. The generul practice seems to 
proceed on the principle that light, sandy, or loamy, 
require a smaller portion than stiff clays ; but in no case 
is the determinate quantity accurately ascertained. The 
quantity employed in some parts of the Kingdom, and 
on certain soils, ranges from five hundred to a thousand 
bushels for the imperial ucre ; though the average may 
be estimated at rather less than two hundred bushels. 
In the Peak of Derbyshire, the largest proportion just 
mentioned is not unfrcquently expended on the heaths 
and moorlands, by means of which they arc converted 
into excellent pasture. But it has been justly remarked 
that, in many instances, though' an overdose of liine 
does no harm, it is not beneficial to the full extent, and 
therefore can only be regarded as an injudicious expen- 
diture. 

Mixture The caution now recommended is more necessary in 
with rang, those puts of the country where the limestone is mixed 
mnua. with magnesian earth, which never fails to have a dele- 
terious effect on the crops. It communicates to the cal- 
cined powder an extremely caustic quality, whence it 
has usually been distinguished both by the mason and 
the farmer, as hot lime, Mr. Tenmuit was the first who 
traced this corrosive action to the presence of magnesia 
in the form of a carbonate. The quantity employed us 
Manure ought not to exceed thirty bushels the acre, 
except where'" there is, in the land, a large proportion 
of vegetable matter not fully dissolved, in which case 
the dose may be somewhat increased. When tli£ mag- 
nesia iq mild, or in other words, has not been burned, 
it is acknowledged to be a useful ingredient in the com- 
position of soils, The Lizard Downs in Cornwall, 


which bear a short, green grass, and afford an excellent Agriculture, 
pasture for sfheep* contain a considerable quantity of 
mild magnesian earth. * 

It is remarkable that, although the good effects of Theory of 
lime properly applied are so obvious as to recommend it operation, 
to the Agriculturist, as oue of the most useful Manures, 
its inode *of operation, whether on the soil or plants, 
remains still a: secret. Numerpus speculations’ have 
been iudulged in regard to it; but until Chemistry und 
Physiology shall have made further advances in unfold- 
ing thb 9 changes which take pluce in the qualities of the 
mould, and in developing eflme of the mysteries of the 
vegetative process, we must coosiderthe whole as only 
doubtful conjecture. “ When lime,** says Sir Humphry 
Davy, “ whether freshly burned or slaked, is mixed with 
any moist vegetable matter, there is a strong action be- 
tween tfic lime and the vegetable matter, and they form 
a kind of compost together, of which a part is usually 
soluble in water. By thi$ kind of operation, lime 
renders matter, which was before inert, nutritive ; and 
as charcoal and oxygen aboutul in all vegetable matters, 
it becomes at the same time converted into carbonate of 
lime. Mild lime, powdered limestone, marls and chalk 
have no uction of this kind upon vegetable matter ; by 
their action they prevent the too rapid deceffn position of 
substances already dissolved, but they have no tendency 
to form soluble matters. It is obvious from these cir- 
cumstances that the operation of quick -lime, and marl, 
or chalk, depends upon principles altogether different. 
Quick-lime, in being applied to land, tends to bring any 
hard vegetable matter that it contains into a state of 
more rapid decomposition and solution so as to render 
jt a more proper food for plants. Chalk and marl, or 
carbonate of lime will only improve the texture of the 
soil, or its relation to absorption ; it acts merely as one 
of its earthy ingredients ; quick-lime, when it Iwomcs 
mild, operates in the same manner as chalk, but in the 
act of becoming mild, it prepares soluble out of insoluble 
matter. It is upon this circumstance that the operation 
of lime, in the preparation for wheat-crops, depends, 
and its efficacy in fertilizing peats, and in bringing into 
a state of cultivation all soils abounding in hard roots, 
or dry fibres, or inert vegetable matter.** 

In cases where caustic lime is not found to answer, Pounded 
the farmer sometimes applies pounded limestone, whic h, limestone, 
as has just been suggested, improves the soil by becom- 
ing one of its earthy ingredients. The scraj^ngs or dust 
of roads formed of this rock have been used with ad- 
vantage as a Manure, in Yorkshire, Gloucestershire, 
and other districts; a circumstance which leaves no 
doubt, that were machines employed for grinding the . 
carbonate into a powder sufficiently fine, the consistence 
of much indifferent land might be greatly ameliorated. 

On the same principle, the dust of marble-works and 
even the smaller fragments in limestone quarries, have 
been found beneficial, in the absence of more active cal- 
careous elements. 

Limestone gravel has been found an excellent Ma- Limestone 
mire for peat-bogs ; its weight consolidating the loose gravel, 
soil while its fertilizing qualities augment the produce. 

It has proved otfinmeuse benefit to Ireland and afeo to 
some parts of Scotland. Chalk, we need hardly ob- 
serve, is used to a great extent in the Southern and 
Eastern districts of this Kingdom, where it presents 
itself in great abundance. It. is frequently applied in a 
crude state, spread upon the surface in Autumn, and 
left to be dissolved by the fifbst during the Winter. 
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Agriculture. Five or six waggon-loads per acre produpe a very beneft- 
cial effect ; though* when calcined* two hundred bushels 
may be allotted to the same extent of ground, and even 
repeated every three or four years. ’ * 

Of marl there are usually reckoned four Jrinds, rock, 
^ slate, clay, and shell. In' Lancashire and Cheshire. 

clay-marl is very much used by the farmer* Who does 
not grudge a considerable degree of labour and ex- 
pense in order to obtain it Th£ quantity laid on 
the ground, from tiipe to time, appears enormous \ 
amounting* in many cases, to three hundred cai&loads 
per acre, which gisre to the fields the semblance of a 
red-soiled fallow freshly ploughed. Shell-marl Consists 
entirely of calcareous matter, being the broken and 
partially decayed remains of testaceous fish. It may be 
applied as a top-dressing to wjieat and other crops when 
it would be hazardous to use quick-lime. 

Sea-shells Sen- shells abound in various purls of the British Isles, 
and are frequently collected as a Manure. They are su- 
perior to the usual sorts of limestone in purity, and in the 
proportion of calcareous matter which they contain. 
These shells have not, however, unless when burned, an 
equally rapid aud powerful influence on the soil. When 
not calcincdathey are much improved in their effects, if 
broken in a mill resembling that used by tanners for 
bruising their bark ; the air which is thereby admitted 
accelerating their decomposition aud consequent mixture 
with the proper ingredients of the field. Sea-sand having 
a mixture of .shells is also used with much success on the 
shores of Y orkshire, Devonshire, Cornwall, Caithness, and 
Aberdeen. It is particularly beneficial in strong clays, as 
both its component parts, sand and shells, have u power- 
ful tendency to improve a stiff soil. 

Gypsum. (njpsnm, or the sulphate of lime, when applied to the 
cultivated, grasses, is generally found to reward the 
labours of tjie husbandmap. The ashes of sainfoin, 
clover, and rye-grass, when those plants arc calcined, 
afford this substance in considerable quantities ; and 
hence it has been inferred that it constitutes a necessary 
part of the woody fibre of those grasses. Cultivated 
soils in general contain enough of it for the grasses 
they produce ; but where there is any deficiency, fields 
which have ceased to bear good crops of clover and other 
artificial grasses, may, it is presumed, be restored to their 
former fertility by a suitable application of this mineral. 

Earthy 2. The Earthy Manures are of a very simple nature, 

Manures and do not # require any scientific explication either as to 
their ingredients or use. We have already intimated 

Clay. that clay is sometimes advantageously employed in im- 
proving the texture of a loose sandy soil ; the quantity 
being determined by the degree in which the argilla- 
ceous properties are absent, in every particular field 
which requires to be so treated. Burned clay lias like- 
wise been long known us an excellent expedient for fer- 
tilizing grounds on^vhioh other Manures have exhausted 
their efficacy. In a comparative experiment, made in 
Galloway, of raising turnips by meaus of stable-dung 
and of clay-ashes, the crop in the ground manured with 
the ashes sprang earlier, was more vigorous, and the 
turnips were* double the size. In another experiment 
in the same district, a very abundant crop of turnip was 
obtained. The quantity employed varied from thirty to 
fifty cart-loads per acre. Mr. Parsons, near Sherborne, 
applied from fifty to sixty bushels to the acre* on a cold, 
wet, cohesive soil. , Mr. Buckley, in the neighbourhood 
of Loughborough, employed about seventy cart-loads to 
the acre of a still' soil, in which he thought its effects in 


improving the texture and comiminirathi* permanent 
fertility were more striking than in any other instum-e 
which Tell under his observation. The ush<^ of Waul 
clay have also been applied as a top-drc^ing to 
lauds, aud are said, when spread at the rate ol forty \„u s 
to the acre, to produce very strikiiig effects. 

Sand , as has also been suggested when treating of Suml. 
calcareous substances, is now commonly used for improv- 
ing the composition of stiff clayey soils. But sand, taken 
from the mouths of rivers or the shores of the wean, as 
it frequently contains a: portion of animal and sometimes 
of vegetable matter, is the most likely to promote their 
fertility. The sands of flat shores, covered with water 
only during high spring tides, and which arc strongly 
impregnated with common salt ami other saline ingre- 
dients, are in some places washed for the extraction of 
the salt, and afterwards spread on fhe land as manure. 

This^ double manufacture is pretty general on fhe 
Northern side of the Solway firth ; and it is manifest that 
the latter practice might be advantageously adopted in 
many other situations. The rubbish of houses, too, which 
is usually a mixture of sand and brfit*, with other earthy 
and occasionally saline material, constitutes a valuable 
Manure, and in all cases ought to be carefully collected 
and preserved. Loam, mould, or any mixture of different 
earths with a portion of organized substances, when 
added to a sterile stall of a different quality, produce 
during a few sevens the most beneficial effects. 

Peat-ashes have long been celebruted as an efficient IVat-aslioi. 
Manure in several parts of England, especially in Berks 
and Wiltshire. They contain a considerable proportion 
of gypsum, together with calcareous, aluminous and 
silicious earths, the sulphate and muriate of soda, and 
sometimes a little of the oxide of iron. Dutch ashes, 
which are highly recommended by Sir John Sinclair, in 
his Account of the Husbandry of the Netherlands, are 
composed of nearly the same ingredients, and are applied 
as a manure to clover which is succeeded by wheat. 

Nineteen bushels to the English acre afford an abun- 
dant crop of both. Burned peat is applied as a top- 
dressing for cultivated grasses, particularly sainfoin and 
clover, at the rate of from thirty to forty bushels per 
acre. Nay, we find that the dust of dried rotten peat 
is in some soils an excellent manure for potatoes. It 
is cut to pieces as if intended for fuel, and after being . 
exposed to the atmosphere for some time, is laid upon 
the laud. 

Coal-asht&> too, although rarely employed unmixed Coal-adie*. 
with other substances, afford au abundant source of 
Manure in the neighbourhood of all large towns. The 
ingredients of these ashes vary in th?ir nature and pro- 
portions according to the quality of the mineral whence 
they are produced; but they consist generally of alu- 
minous and silicious earths, with a small quantity of 
lime and * sometimes of magnesia. They am found to 
be. highly beneficial in correcting the tenacity and open- 
ing the texture of clayey soils. Tht'y are of particular 
use in the neighbourhood of London, for improving 
those lands from which bricks have been dug. After 
Spreading the ashes on the clay bottom, hnr.seheans, 
or some variety of the garden bean, are planted ; aud 
sometimes such grounds are laid down in grass. When 
applied ‘as a top-dressing to clover, March or April is 
the best season, and the quantity should not exceed 
sixty bushels to the acre. 

. Under the head of Earthy Manures, we may class the Ooie. 
ooze, mud, or warp, which is procured at the months of * 
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Agriculture, rivers, in ponds anti canals. It is of a most enriching' 
^^v^*** nature, and adds to the staple of the soil. Jr is used as a 
top-dressing in Spring for crops both of grain and grass, 
more especially for the latter; being at the same time 
an excellent mnterkil for composts. The late Duke of 
Bridgewater made considerable use of sea-ooze, brought 
up from the Mersey, in barges, by his canal, to lands 
near Worsley. It has been remarked, that wheat raised 
by means of this Manure is little subject to rust, mildew, 
01 any other distemper. In respect to the mud of ponds 
and fresh-water streams the value of it depends upon 
the substances with' which it is mixed. Where the water 
is resorted to by cuttle or fowl, or receives tjie washings 
of towns and farm-yards, or even the drainage of a rich 
tract of country, it will display considerable fertilizing 
powers, and amply repay the expense of collecting, in 
the Netherlands, the gardeners maintain that the mud 
of canals and rivers is much improved in ,its quality, 
when it has been exposed, in small heaps, to a Winter’s 
frost and a Summer’s sun before being applied to usd*. 
y^vtal.Ie 3. In giving a list of Vegetable Manures, we natural]) 

. I. inivs. begin with that wbidli is produced by ploughing down 
v v ff reen crops, such as clover, buck wheat, vetches, heaps, 

<. '.*i t,ricn | lirnj -p s When this method is adopted, a portion of 
lime, or of peat and lime mixed together, should he 
spread on the field before the Muvulent plants are 
turned down; a process which uu»iii to be performed 
in the Summer or early part of the * utumn, that the 
decay of the vegetable fibres may be m u* speedily pro- 
moted. In cases where Manure is scarce, this pructicc 
may be found useful ; but it has been suspected that, 
mi the whole, its advantages are doubtful, for although 
the quantity of nutritive matter may be increased, the 
expense of the acquisition seems too great. 

Sea-HMMj’s. Sc.' creeds, in some districts, are a most important 
Manure, and wheu used with judgment never fail to 
enrich the land, though tftc effects, it is admitted, are 
not very lasting. They may be procured either by cut- 
ting them from the rocks, or by gathering the leaves 
and branches which are cast ashore by the tide ; in both 
cases, they ought to be ploughed down without loss of 
time, as their efficacy appears to depend in no small 
measure upon the degree of freshness which they possess 
when mingled with the soil. The value of this Manure 
in improving old pastures is generally admitted. Both 
cattle and sheep cat with avidity the new grass whicli is 
thereby produced, thrive well, and fatten quickly. 

Weeds. Weeds, taken from rivers, ponds, and ditches, when 

properly decomposed, form an ingredient of a very ferti- 
lizing compost. The heaps should be thrown together 
as lightly as possible, and sprinkled with- water in a dry 
season. A small quantity of lime, or of peat earth, mixed 
with them, during the process of solution, not only in- 
creases the bulk, but adds materially to the value of the 
Manure. The mure intelligent farmers confine the use 
of this material to fields prepared for barley, or for tur- 
nips, to be sowa broad-cast. 

Malt-dust. Matt-dust lias also been found very beneficial to soils 
of a certain description. It is much improved by being- 
spread for some time iu the bottom of pigeon-houses, in 
fairm yards, and also in such tanks as leceive the urine 
■ of cattle, tile moisture of dunghills, and Ihe refuse of 
the kitchen and wash-house. It is usually sown by the 
hand, when in a dry state, to the extent of about thirty 
bushels an acre, and harrowed in with the seed, whether 
bnrle.y or oats. 

Rapc-caW. Hape-cake has long been used in this Country, espe- 


cially in Norfolk and Yorkshire. Half a ton for an acre Agriculture* 
was formerly the amount applied to nrable laud ; but 
since the price of the article has increased, the rate is re- 
duced to one ton for three acres. Mr. Coke ofllolkham 
makes a single ton suffice for five or six, acres, by break- 
ing the cake into very small pieces, and ploughing it in 
about six weeks before the time of sowing, that it muy 
be completely dissolved in the ground. When ploughed 
ill w ith wheat seed, the effect is very striking in a speedy 
and vigorous crop. , This Manure is very extensively 
used ftj the Netherlands. It has been found that, when 
powdered and strewed on the surface of a field, it destroys 
the Gryllwt talpa , fo injurious in wet soils; jind it is 
imugiued that every insect might be exterminated by the 
same means. A ton of oil-cake, whether from rape or 
any otj/er seed, mixed with twenty or thirty tons of 
dunghill compost, constitutes an excellent manure. 

Tanners* bark has been recommended by certain Tanners’ 
authors as a substance which may be rendered nutritive bark, 
to plants. For this purpose it must undergo the process 
of fermentation, which is most easily accomplished by * 
forming it into u compost with stable dung. The addi- 
tion of a little lime cannot fail to assist in the disintegra- 
tion of the woody fibres. 

Wood-ashes have been already alluded f<V under the Wood 
head of Earthy Manures. They are peculiarly well cal- allies, 
eulated for gravelly soils and loams. Forty bushels per 
acre is the common quantity, and Spring is the proper 
season for their application. The effect is much increased 
by moisture, whether natural or artificial, which seems 
necessary, either as a menstruum or a vehicle, tor com- 
municating the fertilizing qualities. It has been re- 
marked, that whatever passes through the fire acquires 
the power of exciting or increasing the productive pro- 
perties of land. 

4. Animal substances are usually so soluble in their Animal 
nature us not to require any chemical preparation to fit Manure*, 
them for the purposes of Manure. The great object of 
the farmer, on the other hand, is so to blend them with 
the earthy constituents in a proper state of division, as 
to prevent their too rapid decomposition. Much of this 
species of Manure is lost in many parts of the country 
from want of pioper attention, or perhaps from ignorance 
of its value. Animals that have died accidentally, or in an i. 
consequence of disease, are often suffered to remain ex- m.d*. 
posed to the air, or immersed in water, till they are 
destroyed by beasts of prey, or entirely decomposed by 
the action of the atmosphere ; and in this case, most of 
their muscular substance is lost for the laud in which 
they lie, and wasted in the production of noxious gases 
which pollute the surrounding air. By covering dead 
animals with five or six times their bulk of soil mixed 
with one part of lime, and suffering them to remain a 
few months, their decomposition, as Sir H. Davy re- 
marks, would impregnate the land with soluble matters, 
so a* to render it an excellent manure ; and by mixing 
a little iVesh quiek-limc with it, at the time of its re- 
moval, the disagreeable effluvia would be in a great 
measure destroyed, and it might be applied with much 
advantage to any # of the stronger species of crops. 

Fish forms a powerful Manure in whatever state it 
may happen to be used ; but, however small may be the 
quantity applied, it cannot be ploughed in too fresh. 

Herrings have been known to produce a very rank crop 
of wheat. The refuse pilchards arc employed throughout 
the County of Cornwall with excellent effect. They are 
usually mixed with saud or soil, and sometimes with 
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Agriculture, sea-weed to prevent them from communicating an ex- 
'w * v -» / cessive luxuriance to the grain. In the fens of Lincoln- 
shire, Cambridgeshire, and Norfolk, the little fish culled 
sticklebacks are caught in the shallow waters in such 
quantities, that they form a great article of Manure 
among the neighbouring Agriculturists. It is easy to 
explain the operation of fish in fertilizing the ground. 
The skin is principally gelatine, which, from its slight 
state of cohesion, is readily soluble in water. Fat or 
oil is always found in fishes, either under the skin or in 
some of the viscera ; while their fibrous matter contains 
all the cqpential elements of vegetable substances. 

^•Blubber. Blubber , an art iefe nearly related to that just described, 

^ has been occasionally employed ns a Manure. It is 
most useful when mixed with clay, sand, or anycotnmqn 
soil, so as to expose a large surface to the air, yie oxy- 
gen of which reduces it to soluble matter. It has been 
known to retain its fertilizing power during a succession 
of years. The carbon and hydrogen abounding in oily 
substances fully account for this effect ; and their dura- 
bility is easily explained by a leference to the gradual 
munner in which they yield to the action of air and 
water. 

Bones. Bones' ore now much used as a Manure all over the 

Kingdom, ulld especially in the neighbourhood of the 
Metropolis. After being broken and boiled for grease, 
they are sold to the fanner. As their effects 'are more 
powerful in proportion to the minuteness with which they 
are divided, the expense of grinding them in a mill 
would probably be repaid by their increased value; 
while in the state of potvder they might be used in the 
drill husbandry, and deposited with the seed in the 
same maimer as rape -cake. 

Horn. Horn, regarded as the means of improving the soil, 

is still more efficacious than bone, as it contains a larger 
quantity of decomposable matter. The shavings of 
liorn, loo, form an excellent Manure, though they arc 
not sufficiently abundant to be in common use. The 
animal matter in them seems to be of the nature of coa- 
gulated albumen, and is slowly rendered soluble by the 
action of water. The earthy principle in horn, and still 
more that in bones, prevents the too rapid decomposi- 
tion of the animal substance, and gives great durability 
to its etFects in strengthening the soil. 

Hair, &c. Hair , wooden rag*, and feathers, which are similar in 

composition, consist chiefly of a substance resembling al- 
bumen unitejj to gelatine. The theory of their operation 
as Manures refers to the same principles as that of horn 
and bone. The refuse of the different manu factories of 
skin and leather,— -such as the shavings of the currier, 
and the offals of the tan-yard and glue-maker, — is found 
very serviceable to the Agriculturist. Blood, too, as it 
contains certain quantities of all the elementary ingre- 
dients detected in other animal substances, possesses a 
highly fertilizing quality. The scum taken from U19 . 
boilers of the sugar-baker, and which is used as Manure, 
consists principally of bullock’s blood, employed for the 
purpose of separating the impurities of th6 raw material, 
by means of it?) albuminous matter coagulated by the 
heat. The different species of corals, corallines, and 
sponges, must be considered as substances of animal 
origin. They contain a considerable quantity of a matter 
analogous to coagulated albumen, and might, therefore, 
be advantageously employed us Manure. 

We include under the head of Animal Manures such 
a* are strictly excrement) lions, and which, if reference 
wefc made to their origin, might be regarded as rather 
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belonging to the class of vege table MibMai,c T s. Besides Arrioulttire. 

the dung collected in stables and cmv-hou < :it .J 

attention is paid in some parts to that p n hind h\ 

Sheep. In certain districts on the Continent, tb r v,. 
are kepU under cover all the year, fur the * 

Manure which is thereby created ; and when tlu-v 
along the sides -of roads, young children are eni|>!.i\ed 
to collect theij droppings. Sheep fed on linseed cake 
produce an extraordinary fertilizing dung, by which any 
poor land, whether aruble or pnsture, may W* speedily 
enriched. .A plan has lately been adopted of folding 
sheep upon straw in the corner of a turnip field, and of 
carrying their fowl to them ; a method particularly 
suited for such lands as are too wet and tenacious to 
have the turnips eaten upon them, or for sloping grounds 
whence the Manure might be washed down. The dung 
pf birds has likewise been held in high importance by 
the practical farmer, and especially of those species 
which live upon fish. This substance is produced in so 
great quantities upon some small islands in the South 
Sea, that fifty large vessels are annually employed to 
convey it to Peru, where it is employed to fertilize the 
extensive plains in the neighbourhood. The dung of 
sea-birds has not hitherto been much used as a Manure 
in this Country ; though it is probable that even the soil 
scraped from such of the small islands on our coast ns 
arc much frequented by them, would prove very advan- 
tageous. An experiment was made under the superin- 
tendence of Sir H. Davy, which w as attended with great 
success. 

Night-soil, it is well known, a* being very lialrie to 
decompose, is a powerful Manure. The disagreeable 
smell may he obviated by mixing it with quick lime ; for 
if exposed in fine weather to the atmosphere .in thin 
layers, strewed over with that substance, it soon pulve- 
rizes, and in this state may be used in the same munner 
as rape-cake. 0 

5 . Under the head of Miscellaneous Manures a great Misedln- 
varicly of putrescent substances might be arranged, but Ma- 
we shall confine ourselves to a short uccount of the umvS - 
method of forming composts. All Manures may per- CuwpubN, 
haps be considered as compounds ; and hence a reason- 
able question might arise whether the benefits they 
afford to vegetation would not be increased, were some 
of the changes which they undergo when mixed w ith the 
soil, previously accomplished by means of Art. Tibs 
question, which is avowedly of great importance, miiq 
depend for its solution on a more perfect knowledge' of 
the process of vegetation itself than we yet possess,, as 
well as of those combinations which are affected by the 
mutual action of the different substances employed by 
the husbandman to further its progress.' As to com- 
posts, it may be remarked, in general, that they are 
formed of almost every kind of animal and vegetable 
matter, mixed with earthy and saline ingredients, which 
being thrown together in considerable masses, undergo 
a certain degree of fermentation, and thereby promote 
* the decomposition of such of them as happen to have 
been organized. 

It is a general practice to make a compost with a portion with lime, 
of common Manure or lime mixed with a cerium quantity 
of carlll from a ploughed field. In this case the nvo 
substances arc placed in alternate layers in the form o’ a 
lengthened heap or mound, which ought- to be so « mried 
at top as to prevent the rain from washing thiough it* 
and thereby checking the process of leriuentation. \\ hen 
the decomposition is completed, the mass should be 
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care fully turned, in order that the ingredients may be 
j> rlivtly mixed together. The quantity may be increased 
by collecting weeds or other soluble matter from the 
ditches and hedges in the neighbourhood, and adding 
them to the heap before the warmth has entirely sub- 
sided. When lime is used, it is customary to lay it 
down fresh from the kiln in given quantities along the 
end of a field, and to cover it with four or five times its 
bulk of pulverized earth, which is immediately beaten 
‘down with a shovel to prevent the approach of rain or 
air. The lime is slaked in a few da}s by the moisture 
of the soil, am! when any cracks or fissures appear, they 
ought to be covered up with more earth. After a short 
period, the two substances are completely incorporated, 
and the compound may be used for grass or corn-crops, 
either singly, or together with dung from the stable 
yard, the consistence of which it materially improves. 

There is no compost better known in most parts of 
the Kingdom than that of which peat-moss is the prin- 
cipal ingredient. As this substance consists chiefly of 
vegetable matter, it constitutes, when entirely decom- 
posed, a very valuable Manure. The best authority on 
this subject is Lord Meadowbank, one of the Scottish 
Judges, who about thirty years ago published some im- 
portant notices respecting the method of preparation, 
and the soils to which it is most beneficially applied. 
The peat, of which the compost is to be formed, should 
be dug out some weeks before it is used, in order that, 
the redundant moisture may evaporate. When carried 
to a comcnicnt place, it is laid out in two rows, with an 
intermediate row of dung, which should be so near as to 
allow a workman to throw them together with his 
spade. A layer of peat six inches deep and 15 feet wide 
is fir^l fyrrnrd. A layer of ten inches of dung next suc- 
ecds. then six inches of peat, then four or five of dung, 
and then six more of peat, and a thin layer of thing. 
Then cover it with peat •all round and above. The 
height should not exceed 4^ feet, otherwise the weight 
liny be too great, and check the decomposition. 

In a medium temperature of the atmosphere, .seven 
cart loads of stable-yard dung, in a fresh state, arc 
esteemed sufficient for twenty-one loads of moss ; but in 
cold weather a larger proportion of dung is required, 
localise more heat is necessary to secure a prosperous 
result. To every twenty-eight carts of the compost it is 
beneficial to add one load of ashes, wliether from coal, 
peat, nr wood ; and when such ashes cannot be pro- 
cured, half the quantity of slaked lime, well powdered, 
is a good substitute. By employing the refuse of sham- 
bles, m\ times the quantity of moss may lie converted 
into Manure. A similar proportion is obtained from the 
dung of pigeons and of domestic fowls. 

• When tiic compost is made up, the temperature in- 
creases according to the state of the weather and the 
condition of the ingredients. In Summer the im>s is 
heated in about ten days, but in Winter, if the cold be 
severe, it requires ns many weeks. In the former season 
there is danger that the temperature shall rise too high 
and consume the materials. When this is apprehended, 
a stick should be kept in different parts of the mass, 
which being occasionally examined will indicate the 
varying degree of heat. When it exceeds 180° the heap 
should be watered, or turned over, and cooled by an 
addition of fresh moss. After the process is completed, 
the whole appears like a black, rich mould, and has 
been found, when used either for corn of pasture lands, 
to be equal to the spine bulk of good farm yard dung. 


The quantity applied must, of coutsc, be regulated by Agric 
the nature and condition of the soil ; but the farmer will 
receive an ample remuneration for thirty or thirty-five 
loads per acre. 

It is properly stated by the writer to whom we have 
referred, that too much attention cannot be given to the 
preparation of the ground to which this compost is to be 
applied. It should be clean, dry, well mixed, and 
friable ; for in any other state the Manure does not pro- • 
duce its proper effect. The addition of a small quantity 
of co/hpost has been known to be attended with a won- 
derful improvement on a field judiciously fallowed. The 
texture, colour, and other propcrties # of the soil under- 
went a very perceptible change for the better'; a result 
which must have been occasioned by the mutual actioii 
of the different ingredients in the Manure and land, and 
the new combinations thence, proceeding agreeably to 
the laws of their chemical affinities. It is obvious that 
this process must be greatly accelerated by bringing the 
minute particles of both into contact fiy an intimate 
mixture. 

There is also a compost of peat, lime, and clay, which 
has been proved to answer well on lands of a certain 
quality, and more especially for the purpose of raising a 
plentiful crop of grass. But'aswfe camfijt enter into 
details, we shall finish this section with a short account 
of some experiments made by the Reverend Mr. ''art- Mr <\ 
wright, with the view of determining the efircN of' v, "d»i 
different Manures o. the same soil and for the .im* ' ini1 
crop, and particularly of salt tisr-d a* the mean nl u.- 
creasing vegetation. 'Ine .soil in question was • i Liru- 
giiious sand, which was brought to a proper i uu-'sh me 
by a liberal allowance of pond mud. 

In the month of April a portion of the field was find 
out in beds, a yard wide and forty ya»ds lung Ol these 
twenty-five were treated as follows : 

No. 1. No Manure. 

2. Salt, one peck and a quarter. 

3. Lime, one bushel. 

4. Soot, one peek. 

5. Wood ashes, two pecks. 

6. Sawdust, three bushels. 

7. Malt dust, two pecks. 

8. Peat, three bushels. 

9. Decayed leaves, three bushels. 

10. Fresh dung, three bushels. 

11. C handler’s greaves, three pounds. 

12. Salt, lime. 

13. Salt, lime, sulphuric acid. 

14. Salt, lime, peat. 

15. Salt, lime, dung. 

16. Salt, lime, gypsum, peat. 

17. Salt, soot. 

lb. Salt, wood ashes. 

19. Salt, sawdust. 

20. Salt, malt dust. 

21. Salt, peat. 

22. Salt, peat, bone dust. 

23. Salt, decayed leaves. 

24. §alt, peat ashes. 

25. Salt, chandler's greaves. 

The quantity of each ingredient was the same as when 
they were used singly. ‘ On the same day one row of 
potatoes was planted in each bed ; and that the experi- 
ment might be accurately conducted, the number of Bets 
was the same in all. When the shoots appeared above 
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Agriculture, ground, their comparative excellence was carefully 
noted.. 'The best row, at that period, was No. 7. from 
malt dust; and the next best was. that from chandler's 
greaves'. The most backward, in the Month of May, 
was No. 6. which had been . manured with sawdust. 
On the 2 1st September the potatoes were taken up, 
when the produce of each row was as follows ; 


l/hr.icv of 

*i:t 


17. Salt and soot, produced . . 

.... 240 . 

11. Chandler’s greaves ...... 

.... 220 

18. Salt, wood ashes 

.... 217 

16. Salt, gypsum, peat, lime . 

.... 199 

15. Salt, lime, dung 

.... 198 

2*. Suit 

195 

25. Salt/g reaves 

: 193 

4. Soot , 

. 192 

10. Fresh.dung 1 . 

.... 192* 

20.*Salt, malt dust 

189 

5. Wood ashes - . ......... 

.... 187 

23. Salt, decayed leaves' 

187 

24. Salt, peat ashes ........ 

485 

7. Melt-dust 

184 

14. Salt, lime, peat ......... 

1S3 

19. Salt, sawdust . , . 

.... ISO 

22. Suit, peat, bone dust . . * . . 

.... 178 

9. Decayed leaves . 

■ . . 175 

1 3. Suit, lime, sulphuric acid . 

175 

21. Salt, peat 

....*171 

s. lVat .. 

169 

12. Salt, lime 

167 

1. No Manure 

157 

6. Suwdr t ’ 

.... 155 

‘i. Lime 

150 


Kxperi- 
iik'qIii with 
turnips and 
buck- 
wheat. 


It i* remarked ny the author of these experiments as 
a singular c ncuinstunce, that of ten different Mauures, 
ol which are of acknowledged efficacy, salt, the effects 
nt which were doubtful, is with onf exception, superior 
to them all; while in combination with oilier substances 
nr.u“ except chandler's greaves was injured by it. The 
energy of salt when combined with soot was very strik- 
ing. But Mr. Cartwright was disposed to ascribe its 
effects rather to the power which it possesses of attract- 
ion moisture from the atmosphere than to any chemical 
action between the two substances; for the beds on 
which the salt was used continued visildy moister than 
•lie others, even for weeks after its application. Another 
circiunMuncc+noticod is, that the plants which grew on 
the b* Is Manured with salt, were of a paler green than 
the rest, but equally luxuriant; which appearance he 
at first icgardru as an indication of want of rigour, an 
opinion by- no means , confirmed by the result. He 
found, too, that wherever salt was applied, cither by 
itself or in combi nation with other substances, the roots 
were perfectly clean,. . y 

The same gentleman instituted two sets of experi- 
ments with turnips and buck-wheat, on a soil so, poor 
as (o produce only dwarf heath and lfchen. Of 400 
grains, 320 consisted of gilicious sand, 68 of finely 
divided matter, and ' 12 of moisture. Scarcely any cal- 
careous matter appeared. .On the 6th of July the hods 
selected for each set. of experiments were respectively 
sown with turnip and buck-wheat ; being numbered 
and {Manured exactly in the samp way as in the first set 
of experiments with potatoes. , Oi\. the 20th of July 
^08,1, *; 4, % 6, 7. )9 k 20. 21, 22. 24, 35, showed 
hHle or no murks of vegetation; the remainder were 
' VOL. VU ■ 


merely in the seed leaf. On the 16th of August four Agriculture, 
only were alive and in rough leaf, namely, 

No. 12. Salt and lime. 

13. Salt, lime, and sulphuric acid. 

14. Salt, lime, peat. 

16. Salt, lime, gypsum, peat. 

* These four continued in a sickly state till the middle Results, 
of September, soon after which they disappeared. The 
fate of the turnip and buck-wheat was nearly the same; 
but no certain conclusion could be druwn from these 
experiments wilh regard to the effects of salt as a 
Manure for such crops, for other Manures of undoubted 
.efficacy also failed. The proper inference to be deduced 
from the whole is, that a certain texture and composi- 
tion of soil is an essential requisite for promoting the 
health and vigour of plants, which was abundantly ob- 
vious in the greater Fuxuriance of those plants where the 
Manure acted in some degree as a substitute for the 
natural qualities of the laud. It has been justly re- 
marked, that these exj>eri meats may serve as a model to 
such Agriculturists as have leisure or inclination to in-, 
vestigate the effects of different kinds of Mauure on the 
crops to which they are applied ; and although many of 
them were made on substances, which are procured 
with difficulty, or arc to be had. only in small quanti- 
ties, and caunot therefore come into general use, \et the 
results obtained were curious and interesting, and, if fur- 
ther examined, might lead to the discovery of some valu- 
able principles as to the constitution aud improvement 
of soils. 

While writing this portion of our Essay wc have Project for 
received a faint notice of a scheme lor fertilizing peat- employing 
moss by means of sulphuric Acid considerably diluted, 'hli.tvdji:.- 
The project originated somewhere in Germany, whence h * 

it was carried into Russia, and reduced to practice it is mo L 
said with some appearance of success. From the North 
Of Europe it found its way into Ireland, where it has 
been tried by several Agriculturists, who have expe- 
rienced much advantage from it in the improvement of 
their bogs. It has been recently introduced into the 
Western parts of Scotland, where the soil bears some 
resemblance to that on the opposite side of St. George's 
Channel; but the detail^ which have reached us are 
neither sufficiently ample, nor so accurately described, 

' as to justify any opinion as to its ultimate effects. 

The farmer and landowner have long had their atten- Desiderata 
tion directed to the subject of Manures, as the only Manures, 
source whence any materia! discovery can be derived 
to aid their exertions in the production of food. Much 
has been done by the Mechanic in inventing and im- 
proving Agricultural instruments; but the labours of 
the Chemist havfc not yet, in any essential point, in- 
creased the resources of the husbandman. Manures, 
generally speaking, are still as bulky, weighty, and 
expensive as they were, fifty, years ago; pud hence the 
disheartening fact that they must be used at no great 
drafohee from the place at which they are produced, while 
lands, further removed arc doomed to continue sterile 
,aud unproductive. ♦ The desideratum on which practical 
men have uow everywhere fixed their thoughts is the 
discovery of a substance, so limited in volume and 
weight as to* be easily conveyed from one district to 
; ttitother-’-an esseuce, in short, or condensed principle of 
fi?riili2Ation, the ca’rrigge of which will not, like that of 
our common Manures, exceed the cost of purchase. It 
may, perhaps, be found in some one of the Acids or 
a 
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Agriculture. Alkalis, which in a highly concentrated state might he ho way in which clover can he sown with Winter wheat, Agriculhn 

. y. srnt lo a distance at smut) expense ; on which account in the Spring, to greater advantage, ns the intervals 11 * ~ IL 

we are the more anxious to become acquainted wiih the . between the drills can be suitably hoed and the seed laid . 
experiments mentioned in the last paragraph, hi regard on a clean bed.. . 

tQ the fertilizing properties of the oil of vitriol. of all the apparatus recommended to the Agri- Reaping 

cultufrst there is “not one of greater importance to him niarlnne . 

than the Reaping machine, which however has not yet 
Implement* of Husbandry. been brought, tosuejia degree of perfection as lobe 

entitled to general use. # The first attempt of this kind 

We have already, mentioned the great obligations i* said to have -been ttoede . by Mr. Boyce, wlio about invented l 
under which the pursuits of husbandry are placed to thirty years ago obtained a' patent for his invention. Mr. Boyc* 
the ingenuity of our artisans. The inventions of the His instrument was* placed - in a , two-wheeled carr luge 
Mechanic hate not unfrequently anticipated the wants of Wring some resemblance to a c&rt, but the wheels 
the Agriculturist ; and at this moment, accordingly, all being fixed upon the axle the latter revolved along with 
the tuitions of Europe look to this Country for whatever then). ;A cog -whpel .within the carriage turned a smaller 

progress is expected in the formation of new instru- one at the upper end (if an inclined* axis, and at the 

• Clas: ifica- menta, or iu the improvement of the old. Such tools lower end of this was a larger wheel which gave a rapid 

^ n * have usually been classed by systematic writers accord- motion to a piuion fixed upon a vertical axis in the forc- 

ing to their use, or the purposes for which they are ero- part of the carriage aud rather oil .one side, so that it 
ployed ; and hence they may bo arranged os they went ‘hffore one of the wheels. , The vertical spindle 
respect ploughing, sowing, weeding, reaping, and descended to vyithin a few inches of the surface of the 
threshing; oir, iu other words, as they facilitate the rear- ground, and Sad there a number of scythes fixed upon 
ing of the crop and the preparation of it for the market, it horizontally. TJie machine when wheeled along cut 
in which the interest of the former in tho produce of his down by the rapid revolution of its scythes a large quail* 
land has its natural termination, tity of com; but not being provided with tny apparatus 

" Under the head Agricultural Implements in. our for gathering it up in- parcels and lading it in proper 
■ Miscellaneous Division, we ' have already described the heaps, it proved wholly unfit for the purpose intended, 

chief varieties of Plough* and Harrows, *the Scarifier, jfr. Pluck net of London attempted to improve it. Improved 

the Stuffier, and the Rof/ v ; but without directing his attention to its main defect, by 

Machines Various instruments have been Used , from time tb He Substituted for the scythes a circular steel plate, made 1 uckac , 
for Bowing, lime for sowing corn, and more especially turnips, to vciry sharp at the edge, and notched on the upper side 
supersede the clumsy and wasteful method of'scaltering like a sickle. This plate operated in the same maimer 
the seed with the hand. It is certainly desirable that os a very fine toothed saw, and was found to cut the 
every species of seed should be sown ii» a regular man- corn much better than t he implements of Mr. Boyce, 
ner and at a proper depth. In the East Indies ma- But neither by this method was. the principal objection 
chinos for that purpose have been employed for Ages; removed. 

but their introduction mto Europe is comparatively Mr. 8&Unon of Bedfordshire mode a nearer approach by Mr. 
’speaking of recent date J and is principally to be pttri- than auy of his' predecessors towards supplying the desi- Salmon, 
buted to the exertions of the Celebrated 'full.. ' deratum so much felt by the Agricultural community. 

Dri ll The Drill machine for sowing lurnip~seed, says Sir His machine ‘..was constructed upon totally different 

machines, John Sinclair, cannqt be too much recommended; for principles, as it cut the corn by means of shears instead 
it has been the means of bringing the culture of - that ‘ „ of a circular plate ; and it was provided besides with a 
plant to the highest state of perfection. Art excellent complete* apparatus for laying it down in parcels as it 
instrument for drilling peas and beans likewise has been was cut. 

constructed. In regard to drills for the several sorts of But a still more successful effort was made by Mr. J*>' ^ 
grain, a great diversity of opinion prevails. It seems to • Smith, in the County of Perth, who, about twenty years mi1 
be admitted, however, where wheat, Imrley, or oats are ago, contrived an implement for reaping which might be 
t sown in Spring, that-, for the purpose of extirpating worked by two nftefi. He afterwards repeatedly en- 
annual weeds, the drilling system is to be preferred; larged the scale till it required the power of two horses ; 
but in regard to Autumnal or Winter-sown wheat, and at the same tfme removed Hn obstacle which applied 
where the land has been fallowed, the broad-cast, system ito the* action of his machine on an uneven surface, 
may be advantageously adopted. §utlke it to observe that his cutter is circular and ope- 

Driii-fuiy Some objections to the practice of drilling corn have rates horizontally. It is appended to a drum connected 
«Vir. been removed hy the recent invention of u Drill-furrow, with the fijrf par( of the Structure, am! has its blade 

which, though peculiarly well calculated for small farms, ptajoctijng some inches beyond .the ^ ei rcpifi feren ce of the 
might likewise be used with benefit on large ones. v It of thb irum ; the , machine being so con- 

is very simple and may be cnyployed irt either of two {rived, as|. to communicate, in* moving forward, h rapid 
ways; as a box or harrow attached to the Plough, by ‘ rotatory tnot/on to this drum and cutter, by which the 
which the seed is <lcj>osited in the furrow, <#• in the sfii^ ard < 2 uW ai)d falling upon the drum are " carried 
hand* tft boy who follows the Though for the came roiip4 c «nd thrown off in regular,rovTs. TKis ingenious 
purpose/ The advantages of this machine arc; 1. that pfcfcia of' machinery will reap about an sere in the hour, 

* the seed being dropped at a proper depth takes a fast during which period the cutter requires to be three or 
hold of the ground, and is not affected by the Winfor's fed* titles sharpened. The dbtay occasioned by this 
frost; 2. the seed may be deposited by means of it in nri^fity paight perhaps be obviated, an the principle 
windy weather, when broad cast sowing would be at- ac(&pted by Mr. Gladstones, who attached lef the Pluck- 
tendetfc with difficulty ; 3. any weeds growing between net implement a small woode# wheejt covered with 
the rows can be comjdetely extirpated ; and 4. there is #nM^ $hiqh being iflyrays* in contact Vjrith the grekt 
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Agriculture, .cutter at the back part, or opposite side to that where 
the operation of cutting was performed, kept it con- 
stantly ground to a sharp edg$, The expense of Mr. 
Smith's intention is estimated at from £'& to £$a ; and 
if properly managed it will Idat, for jtniny ytfars, requir- 
.pig only a new* cutter at certain interval*. But notwith- 
standing the most promising ap’pefoarices, it is doubt- 
ful whether the pracfo^r <Mnej\ is yet Inspired with 
sufficient canfidcfuce in ita JUness for all £brt.$ of work, 
to afford, the enpdurag^fiit necessary to bring it into 
general use. Pig;, 213;’ .*). \ 

by Mr. We have to, mention another .attempt of this nature 

BclL % made by .the Reverend Mr. BeU. a g^tiemaii distin- 
guished for considerable scientific atUripmCuts, His ma- 
chine was tried atFWrte. fh the County of Forfar," about 
three years ago,, in cutting down outs, barley, and, wheat, 
on ground of uneven;. surface 3nd considerable declivity. 
It takes dn a range of about .five fold ; cutting within 
three or four ifiches bf the add depositing the 

grain, as it advances, in a very regular, manner. It is 
worked by one horse, and debts about dn imperial' acre 
per hour. Its cost may be calculated at nearly £30. 
In the opinion of a skilful Agriculturist who witnessed 
the trial of it^powers, it is better fitted than any other to 
supersede the sickle, and thereby to confer a general 
benefit on the occupiers of land. Fig. 24. - 

As the process of reaping in onr variable climate is 
attended with many interruptions o«d much expense, no 
means have been left untried lor facilitating the ojiera- 
Ilninaiilt tion. The HainauU scythe had long been recommended 
scythe. as a belter implement for this pnrpuse than .the sickle or 
scythe in common use; for which reason two young 
men were brought over from Flanders. under the sanction 
of the French Consul at Edinburgh, to afford a practical 
demonstration of the superiority of their instrument, and, 
at the same time, to instruct the British labourers in the 
use of it The trials were made, oiler public notice in 
several parts of Scotland, with the different varieties of 
grain, and under different circumstances as to the state 
of the crop, as U> being light or hea\y, standing or laid j 
and the results are said to have been very much in its 
favour. The straw was cut nearly as close efi with the 
common scythe, taken up dean, except where -the erdp 
was very Ihin; and luifl down regularly In the proper 
state tor binding and threshing. A man with this tool 
will cut about half an acre a day ; and the consequent 
saving compared with the criqnunon sickle has been cal- 
culated at fully one thiad* Fig. 2b and 26* , . J 
Horse Wherever corn is cut with die scythe the Horse Rake 

Kake. is found A useful implement; for saving manual labour, 
as it must also be in t be process oT piakirtg hay.. A 
model was recently brought from America by a gentle- 
man who had visited' the Spited States, and; the in- 
strument itself 4s now generally, used in certain cfistricte 
of Great pritain. . The. teeth are of iron, 14 dr lb inches 
in length, . aud .set five or six inches apart from each 
other ; and on tlie whale, th* Cpustn^ctJo^tfs very .simple. 
A man and horse ’fere said to be able to clear from 20 to 
30 acres hi a' .duyi disposing Ufo . gfaiq ini lines across 
. the field, by lift ing up the rstke anddropjHqg H from the 
teeth without afcbppipg the .horseL We have no doubt 
that it will be extensively {nt rod ttdeff into all parts oT tlio- 
Kingdom as a very usefiil itiyeiitidiiT Fig. 27. 
Threshing Aiooag Agricultural implements a© one -fo entitled to 
nowhine. higher commendation for its various uses than that which ,. 


ife .employed tbv 2%vt*kfag, ahd clearing earn. . The 
saving toe&ns of this mvJnuoni* very great 


while the work is in all respwfs better dour. Nothing Agriculture 
could be more barbarous than the rnoijfe U dnpu>d by 
some of the Ancients of separating the giain \ nm t |^ 
straw, either by burning the latter, or by treading the 
whole under Hie feet of' oxen. Even the Flail was a very * 
imperfect and fatiguing instrument. Tlirrahing-m-uhiivs 
are now common everywhere, and may, it is well known, 
be Worked by horses or water, wind or steam. Water 
is by for tbe best power, but as a full supply cannot at 
all fogies be had, horses are still employed more gene- 
rally than any of the other motive energies. 

. The essential parts of the machine will be fully uu- 
derstoodfrom an inspection of the engraving. Among 
the various modifications which are occasionally intro- 
duced, one of the most useful is what is called the 
Travelling the indention of which is to convey the Tmvriliug 

straw, after it is separated from the corn, to the straw- Shaker*, 
barn, shaking it completely as il goes along. All well-con- * , 

. structed Threshing-mills have on* Winnowing machine 
which separates the chaff from tbe corn before it reaches 
the ground ; and u second sometimes receives it from 
the first, and gives it out in a slate nearly ready for 
market at the rate of six or eight quarters in the hour. 

If tfie dimensions of the budding do not admit of this 
last addition, a separate Winnowing machine is some- 
times moved by > belt connected with the mill ; saving 
in either case a great amount of manual labour. With 
a powerful water-mill it cannot be doubted that corn is 
^threshed and. dressed for the market at an expense not 
exceeding that which was incurred by the old process 
for threshing alone. The great advantage, too, of 
transferring, forty or fifty quarters ' of grain in a few 
hours, and under the eye of the master, from the yard 
to the granary, is of itself sufficient to recommend this 
invaluable. machine, even though it were not also more 
economical. Fig. 28. 

The author of the Treatise on Rural Affairs baa 
tarnished the following estimate of tbe profit that might 
be derived by the Public were Threshing-mills universally 
adopted. He calculates, 

1-The number of acres producing grain 

in Briiaiaai 8,000,000 

2. The average produce in quarters at 

three per acre 24,000,000 

. 3. The increased quantity of grain ob- 
* .iained by Threshing-prills, comper- 
ed with the Flail, at one-twentieth 
of the whole, or in quarters at. . . 1,200,000 

4. The value of that increased quantity 

at forty shillings per quarter .... 2*400,000 

5. The saving in expense of labour at 

one shilling per quarter 1,200,000 

> & The total profit per annum, if all 

were threshed by machinery, at.'. 3,600,000 

7. Hie actual profit per annum, on thd ' 

' . £ + supposition that only half of the 
grain produced were threshed by 
. x . mqchinea,, at 1,900,000 

'■'In addition to tlie implements already described we M: * w l- 
mention the Ckaffculttr. the Turnip-shnr, the 
H learning apparatus for preparing thefooil of cattle. and 
ft Machine for bruising the corn which is gwrn to horses. 

This last is of greater value than it is usually imnjjined, 

At many ho. $e& are known to swallow their on tv without 
Xttjftpletc maslitaf km,' while others which have lost f heir 
tofcth derive much advantage from tins artificial nasist- 

*’ ■ ' ■ . G 2 
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Agriculture, ance. We mu&t pass over with a similar brevity the 
various descriptions of wheel-carriages which are used on 
farms, from ‘the Irish car to the Gloucestershire waggon. 
There are besides various mechanical inventions used 
'* for harvesting corn, and depositing it safely in the barn 
yard. Sir J. Sinclair holds the opinion that stacks arc 
. greatly preferable to barns, more especially since the 
plan has been adopted of placing the former on stoue 
or cast-iron pillars, by which the corn is kept perfectly 
Boraesfur dry, and the ravages of vermin are prevented. In some 
contfctadtf districts, if the season he wot, stacks have bosses placed 
in the centre, consisting of a triangle of wood, through 
which the air has freedom to circulate nearly to the top 
of the stack. If the grain has not been quite dry, it 
gains much advantage from this simple expedient. 
Fig. 29. 

On Tillage. 

Having examined the constitution of soils, the modes 
of draining and irrigation, the various kinds of manure, 4 
and the principal implements which are used iu hus- 
bandry, we are now prepared to accompany the farmer 
in the more practical branches of his profession, and to 
record his progress in the culture of his fields and the 
growing of hte*crops. It is, indeed, customary before 
proceeding to the actual processes of ploughing, sowing, 
and reaping, to make a scries of observations on the 
different plans which have been adopted in the Agri- 
cultural districts of the Kingdom, for dividing fields and 
erecting fences. To this is not uu frequently added a , 
dissertation on rural establishments, comprehending a 
view of the several buildings wliich may be thought 
necessary to accommodate the tenant, h & servants, his 
cattle, as well as his plgS and poultry^ and, at the same 
timej supply the means of protecting his crop; 4 his, corn, 
potatoes, turnips, and hay, from the effects of rain and 
frost We abstain from such details, not only because , 
our plan is inconsistent with excessive minuteness, but 
more especially because there is no fixed rule which 
could be made to apply to any number of contiguous 
farms, much less to the whole country. The fences 
which are found most suitable in Devonshire would not*- 
answer id Cumberland ; and the style of house which 
affords the greatest comfort in Caithness, would be re- 
jected on the banks of the Severn and the Thames, as 
inconvenient and devoid of elegance. 

Turning up The first step is to turn up the. soil and prepare it for 
the soil. the reception of the seed. But before the operation of 
the plough begins, it is of no small importance to con- 
sider the nature of the land, the season of the year, and; 
the species of crop which it is proposed to raise. It 
general opinion that there are fetf soils which are not 
Fittest improved by being turned up about the end of Autumn 
season. or beginning of Winter, as it is understood Unit ihcy 
.thereby absorb a great quantity of moisture to meet the } 
demands of the following Summer; whereas, if they: 
arp not ploughed till the Spring, the rapid evaporation^ 
which ensues occasions a deficiency of one of the essential 
elements* of vegetable life. It is supposed, too, that fh* 
furrow exposed during the cold season becomes mellotC 
and derives, moreover, some beneficial influence fijfljji/ 
the atmosphere ; an opinion which may be traced b&ft 
to the days of Virgil, and perhaps to an epoch still moire 
ancient. But the experience of modem times does not 
altogether confirm the judgment of the Greeks and 
Jloirians in this particular point. Tlie principal benefit 


of Autumnal ploughing is confined to strong adhesive Agrfculfu 
soils, which by means of the frost acting on the redun- 
dant moisture, unquestionably renders them more Yria- 
ble, and, of course, fitter for the reception of all kinds 
of seed. . 

It ought to be especially observed that no land, what- Ground n 
ever may be its qualities, should be ploughed in a state ** 
of wetness. Tenacious soils, when subjected to ‘the 
operation of ploughing in such a condition, are apt to ' 
run together into lumps, which it is afterwards extremely 
difficult to reduce ; besides being greatly injured by the 
treading of the cattle, whose feet m^ke holes which be- 
come filled with putrid water. This observation applies 
chiefly to marshy fields, which have been recently brought 
into cultivation, and which, above all others, ought not to 
be endangered by an unseasonable renewal nfTdlage. 

In highly improved districts, great attention is paid nimeiwic 
to the dimensions of the furrow, and the angle at which of the lui 
it is made to rest. When the breadth anil depth are l0W 
nearly equal, it turns over very naturally at an angle of 
forty-five degrees ; but when the bieadth much exceeds 
the depth, it falls over in* nearly a flat position, each 
successive one overlapping a little the preceding. The 
nature and condition of the land determine the prefer- 
ence to be given to each of these modes of ploughing. 

The square slice is considered best adapted lor laying 
up stubble laud after harvest, to be exposed during the 
Winter as a preparation for fallow or turnips. The 
shallow slice with considerable breadth is convenient 
for breaking up old pastures, because while it conceals 
the grassy turf, the fertile soil is not buried too deep. 

No wise farmer approves that style of arntioii which 
makes the depth of the furrow slice exceed the breadth. 

Generally speaking, hi determining the depth of the Consider: 
furrow, the quality of the sujL ami the kind of crop to l\v 
be raised, must be attentively considered. Some shallow whlc *‘ | ,3 t 
Boils arc extremely fertile, but rest on a bubsltaturn 
which is extrejnely injurious to vegetation. In such 
cases, deep ploughing would be highly improper ; but, 
on the other hand, when subsoil contains ingredients, 
such as calcareous \md soluble matter, which serve to 
Increase its productive qualities, it may be useful to the 
crop to have a portion of them occasionally turned up 
by the plough. Mr. Young recommends that one deep 
ploughing' should be given every second year; after 
which, he maintains, that a mere stirring of the surface 
answers better than very deep working. •Even for the 
purposes of clearing, it is found .that an ebb furrow, 
followed by regular hand-hoeing is much more effectual 
limn any attempt to bury the weeds. 

1 For certain (Tops, indeed, shell as carrots and pars- Deep 
nips, deep ploughing is indispensably requisite. In pUm^liinj 
soils which can iidnut of it, irtflchrplovghing is found * ,h * lu liL * 
advantageous ; a process which is accomplished by one “**"*’• 
plopgh./blJowiug another in' the same furrow, and the 
second throwing its slice on the top of that which has been 
turned over by the first. In ibis way the land fs com- 
pletely moved to die depth of twelve of thirteen infches. 

- , Y n ploughing a field some' attention might to be paid Ridges, 
tor the breadth of the ridges, or the distance of the 
Water-furrows from each other.; for upon this arrange- 
jneiit depends 'not only the proper draining of the sur- 
face, but also the regular application of manure, the 
equal .distribution of the seed, the weeding, reaping, and 
.other branches of manual labour. It is likewise' recoin- Their dire 
; mended by experienced farmers that as far as the situa- tiw 
tioaof a field wilt adtyit of it, the direction of the ridges 
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Agriculture. fthouTd be North and South, Deviations from this rule, But as Sir H. Davy observes, there is some reason to A * li 
for the purpose of drainage, or on account of the par-, suspect that thcv benefits derived from ^ X(1 

ticular form of an inclosure, may be sometimes neces- been greatly overrated ; and although it may be ad- SirlL 
sary. But it seems always advantageous to bring the mitted as necessary in lands much infested with weeds i>«vy*s ob- 
course of the ridges as near as possible to the line above- and particularly on such as cannot be pared and burned )1 ction » <0 
mentioned ; for it appears that in those which have an with advantage, it must nevertheless, on the whole, W bttUowi,,g ‘ 
East and Westerly, direction* even when the elevation pronounced unprofitable os a part of general husbandry, 
is not considerable,, the crop on the South side has lie rejects the doctrine that certain principles necessary 
ripened a week earlier than that on the North. to fertility arc derived from the atmospheie, and supplied 

Great diversity of opinion prevails as to the proper to the pulverized soil, during its repose and repeated 

breadth. breadth of ridges ; a point which, it is manifest, depends exposure to the air ; as well as the old opinion as to the 
altogether on the^ qualities of the soil. Where the effects of nitrous salts on vegetation. By the decom- 
land is o^ a light satidy nature, the ridges may with position of the weeds buried under the furrow a certain 
perfect safety be made both fiat and broad ; whereas on quantity of soluble matter is no doubt furnished to the 
a stiff clay, they should be more narrow as well as land; but it may be questioned whether the portion of 
higher and of a rounded form, that the redundaqt mois- useful manure in a field at the end of a clear fallow, is 
ture may be discharged. On %ome such soils a ridge of equal to what it contained when the operation corn- 
three or four feet is considered sufficiently wide ; and in menced. By the action of the vegetable matter on the 
Essex, especially, this method is found to yield better oxygen of the atmosphere carbonic Acid gas is formed; 
crops that* when the wafor-furroWa are placed at more but the greater part of it is dissipated and lost to the 
distant intervals. But as we have already suggested, farmer. The rapidity, of the decomposition of the solu- 
there is no uniformity in this particular, the practice ble substances contained in the soil is greatly promoted, 
being regulated in every County by the properties which and the volatile fluids are exhaled by the influence of 
distinguish the various farms, as also by the uses to the Sun ; but at the very time when a large quantity of 
which the laffd is applied. nutritious matter is produced. there are no useful plants 

Fallowing. There is no subject connected with Agriculture on to derive any benefit from it. 

which there has been a greater change of practice as The whole theory of Fallowing, if we omit the mere Hig gene- 
well as of theory, than the ancient usage of Fallowing, eradication of weeds, rests on the principle that land, ral remarks. 
A vague notion seems to have prevailed in all th? Coun- while not employed in raising a regular crop, may be so 
tries of Europe that the exhausted soil required some treated as to supply food for itself, or, in other wowls, 
time for repose, in order to recover its wasted for- lo improve its productive qualities. This object, us we 
tility. At the present day many authors maintain that, have elsewhere stilted, may be in a great measure accorn- 
under good management, and a proper succession of plished by means of succulent vegetables grown for the 
crops, it is hardly ever necessary for most kinds of land ; purpose of being ploughed down. But during a Sum- 
while others with equal confidence assert, that Summer mer fallow, properly so called, no crop is produced 
Fallowing forms an essential part of a system of good either for food In animals or for the nourishment of the 
husbandry, and that on certain soils it is altogether soil itself. Even the texture i5f the furrow is less irn- 
indispensable. The avowed object of this process is, proved than during. Us exposure in Winter, when the 
to clear the ground from weeds, and to Vedqce it to that freezing of the moisture it contains has the effect of 
consistence which is necessary to healthy vegetation, reducing it to a gentle condition. Besides, since the 
The more zealous advocates of the. practice admit, . drill -husband ryjmx 'been introduced the land is kept 
though with reluctance, that it may be restricted to clay free from weeds by hand-homing, mid manure is supplied 
soils, and to those which are of a tenacious quality ; such either by the green crops themselves, or from the dung 
being apt to retain a superabundance of moisture, and of the animals which feed upon them. It is the peculiar 
to be thereby rendered very often unfit for receiving advantage of the convertible system of cultivation that 
cultivation at .the usual season. Ploughingin Sum met, the whole of the manure is employed ; those parts of it 
they reining us, reduces the hardened mould to the which are less fitted for one crop being suitable for the 
degree of friability and minuteness of division which are nourishment of another. Thus the quantity applied to 
essential to the concoction Of the manure, to the ap- turnips affords a sufficient portion of soluble mutter not 
proach of the genial atmospheric ( influences, and .to the only for their growth, but also for that of the barley 
ready nourishment of tiie plants. The soil from being which follows in the, regular succession of modem bus- 
brought repeatedly in Contact with the air is supplied bandry. Nay the grass-seeds derive from the .;ame 
with a larger proportion of oxygen, which uniting with supply an abundant source of luxuriance, while the rye- 
the carbonaceous matter deposited by the husbandman, grass and clover remain, w hich draw a very small part 
produces an acid extremely beneficial lo all the vege* of their organized matter from the soil, or only consume 
table tribes. According to the* same hypothetical rca* the gypsum, a mineral ingredient of little use to other 
soning, the water which is ulwdrhed by the pulverized plants. These grasses are supposed to receive a large 
field is decomposed, and its hydrogen combining \yith poUipn of their nourishment from the atmosphere, and 
the azote of the dir forms ommoniu, while another pur- ' their roots and leaves when ploughed down at the end of 
tion of oxygen unit mg with part oF the. nitrogen fur- two Jjfears, supply a pabulum to the succeeding wheat 
nishes one of the ingredients, of potalh, and thereby tjrbpl At this stage of the course the farm -yard manure, 
contributes greatly, to the improvement of the land, which contains phosphate of lime and other mailers of 
Certain vicissitudes of temperature^ too, which, no doubt, - difficult solubility, is fully decomposed ; and as soon as 
take place wherevpr any decomposition or Chemical the most exhausting crop is raised the application ot 
change in the constituent parts of bodies is effected, are similar substances is repeated. 

also supposed to be useful, either directly or indirectly, These remarks were suggested to Sir II. Davy l>y Mr.Grepg's 
in promoting the growth of plants. - considering Mr. Coke's plan of cultivation independent system. 
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Agriculture, of Summer Fallowing. Mr. Gregg, whose ingenious 
'^v***' system was Jftiblished by the Board of Agriculture, had 
the merit of first adopting a similar plan on .strong clays, 
lleallowsthe ground after barley to remain two years 
in gws; then sows peastind beans; afterwards ploughs 
iti the stubble "of these crops for wheat ; and, in some 
instances, fallows the wheat by a course of Winter lares 
' and barley, which is cut in the Spring before the land is 
sowed with turnips. 

There can be no doubt that were it possible to devise 
any method of cropping by ‘which the produce, fertility,' 
ami good condition of the soil could, be maintained 
without the intervention of a Summer Ftfllow.-the saving 
J~ r , jvould be very great* Mr. Middleton accordingly, iu his 

vHtions. *** Report Oie Hiatt of Agriculture in Middlesex, when 
speaking of the advantages to be gained by tv. proper 
succession of crops, very justly remarks, that the 44 bene- 
fits to be derived from this measure are not to be esti- 
mated. Among' the first of these will stand the abo- 
lition of Fallows* and the introduction of green crops to 
supply their place, over an extent of about three mil- 
lions uf acres of arable land which have hitherto, under 
the Fallow system, produced nothing during the Fallow 
v ear. So fnr as tares arjrf turnips, or potatoes and 
jfi&rf or turnips and potatoes, or any two good .crops 
be raised iu. one year, in place of a Fallow* .the pro- 

^ duce will be double in quantity what it has bfcen Under 

the former system. There are about- nine millions of 
acres in Kngland and Wales in the course of tjwo crops 
and a Fallow; that is, six in crop and three in Fallow ; 
from which it appears that by procuring one crop in 
place of the Fallow, one half more is added to the former 
produce/ 

Fallows'll* According to a statement made by Sir Jobp Sin^ 
uwdinthe cJair, in his Hints on the Agricultural Stale , of the 
Nefiicr- Xetherfaiidst Fallows are more rarely practised ii> Flan- 
an *’ ders than formerly, and win some districts are entirely 
abolished. The succession of crops bn strong lands in 
the neighbourhood of Bruges Is the following; Fallow, 
winter barley, beans, wheat, oats: sometimes there is a * 
Fallow every fourth year, and sometimes wheat aud Fal- 
low alternate. But in the Plain, of Fletirus, in the 'Wal- 
loon C’miptry, Fallows are opw rarel y„ seen. At one pe- 
riod they were enforced by a clause iifc the , leases as an 
indispensable part of husbandry In that fertile district. 
M. Mondez, who was. 'Well acquainted with Flemish 
farming, when he enterad.Ofi the possession of grounds 
near the town just named, having stipulated, with Ins 
landlord that he sjuradd be. at liberty to pursue a differ-* 
ent plan of cultivation, topis the lead in this great 
provemeut ; and lor a period of %ty years hq s<tyoin 
. had occasion to practise Summer Fallow. He Super* 
sederl the old method by introducing a^, judicious rote** 
iion of crops. The culture of.bearm, for" example, is 
successfully practised in other partabistoad of* Fallow*, 
This crop is succeeded, by an abundjUftone jrf wheaU>e 
Winter barley ; and it ii added by*9#r Jdhjfe " that Uds, 
system merits to be enedurhged fjprtto^ .great a4vaq|figs 
derived from it & for without ,a*ty acliiik^ .inanure, 
which however it tendtfto,, faroilhVi .reteio* .the fields 
' in us high a state, of fertility®* eaui be iorie by the Fal- 
low system ; it eitecta but a n(i(*le*ide< t ;dcgree<if atten- 
tion, and it\ requires neither afcy s^imrdwatyexpense 
nor hazttid^u^oombiaationa/V 

Tile same author informs us,. thp% it, is oow a maxim 
in the Plain of Flaunts that* wherever it is possible to 
manure the laud AiHy every tijnib yeat r FgUdwa are per- 


fectly unnecessary ; and he notices a Paper on this sub- Agriculture, 
ject by M. Burton of Brussels, who recommends mixing 
sand with the soil, to alter and improve its texture* and 
burning clay in large masses' for the same purpose, as a 
substitute for Summer ploughing. At %one time, we and in 
may remark* Fallowing wo* so much practised in Swi »*-er- 
Swiwcrlatid that* it alternated with every crop ; but at 
present it is almost entirely given up* the necessity for 
it being precluded by the follow i ng > rotation, wheat, car- • 
rota, vetches”, barley, potatoes* 

In* Norfolk a kind of Fallow* denominated by the Norfolk 
formers a Bastard summer till . is occasionally practised. Uast,ml 
If it Khali appear that a piece of from which “ umuHr 1 ‘ 

clover or some other cultivated grass lows been cut, is 
not sufficiently clear for the reception of the following 
wheat crop, it is ploughed. two or three times* if it can 
be accomplished, before harvest ; and, when it is neces- 
sary, the assiduous application of the roller and harrows 
is uot neglected. For the purpose of clearing pea- 
Btuhble, it is also subjected to a similar, operation. 

When the crop is removed from the laud, the straw is 
harrowed up, collected, and cahried away. A single 
plonghmg is then given ; after which the ground re- 
mains in that state till the conclusion of the harvest, ‘ 
when it receives two cross ploughing*, tnd finally, a 
fourth as a preparation for the seed. 

* Drill sowing. 

As the improvement now mentioned has arisen chiefly 
from the introduction of green crops cultivated on the 
plan of what is called ‘the Drill Husbandry \ we shall 
tnakc a few observations on its liiMory and advantage*. 

It has been already stated, that this method was intro- Introduced 
duced into Britain by Mr. Jethro Tull, a gentleman in Jjj J Ir * 
Berkshire, who upplied.it to his own property about the Au ‘ 
year J 7 IS. Struck with the remarkable effects which 
the new mode produced, and ascribing the abundant 
crops which he obtained to the perfect culture thereby 
accomplished, rather than to the fertilizing qualities of 
the manure, he extolled the discovery beyond all bou nds. 
He»dcscribed H as calculated to supersede the necessity 
of manure altogether, the application of which he viewed 
os a waste of ttroe, labour, and expense. By thus over- m \s* 
rating the advantages of drilling, and loading it with tuU». 
erroneous y Jews on points not necessarily connected with 
it, there is reason, to believe that Ire retarded the pro- 

£ e& of his favourite system. In the pre$Ait day when 
e utility of trianjrre: is so well Anderstodri, there is no 
danger that any one will be misled by the opinions of 
Mr. .Tjriil.and we enjoy. accordingly all the benefit of 
his jjmrctice without incurring the hazard of hie hypo- 
thetical cpriclusions. it required jthe enthusiasm of an 
inventor towprro the head to Such ah extent as to induce 
a jpacti«&i Agriculturist to overlook, the necessity of 
recrOUio£ the energies of the soil, or , tojmagj nc that the 
beat directed labour would, ever supersede the applica- 
tion of manure^ / . r s ‘ \ * .' m 

The. mein advantages derived front the .practice of Adv-an 
lulling mo understood tube, a saving. of s^ed ; a more U#e*. 
gtyguhpr and. certain growth* from, the JMted being more 
r#guforiy deposijrii.}. a more abdfylant crop and of a 
belter, quality $ the more easy and effectual destruction 
of ipeos. ; harvesiuur Jhf coop at less Expense am! in a 
cleaner state ; and the more perfect Cultivation of the 
soil by means whereof it is lift in a bcUer condition tor 

sqwing. The objiN^iuas.to it apply not to the Objections, 
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Agticuttiiw- procefi itself bttt to the difficulty of having it well per- luxuriant crop is not to be expected, the distance mav Agriculture. 
v — * formed, and the bad effects which result from awkward be reduced with advantage to the narrower hmiis of v— ^ 
Mr, Ahum's workmanship. But the experiments made, by Mr, A rnos, eight inches. 

rSl" detailed at fo his TrmiUt on Drill Husbandry^ The process of Drilling, or the deposition of in Method of 

have removed all doubt as to the -superior excellence of rows by means of a machine, requires coiisidera'n’c cure Drilling, 
this method. His investigation* Wera mode On different iti the performance. The points which demaud pn,ii. 
soils; oud In all of them, two. acres of laud, laid up in . cular utteution are the keeping the rows at might and ut 
ridges of eleven feet broad, were sown alternately broad- equal distances tJ^oughout their whole length, the drop- 
cast, and with the Drill machine. We may state one or ping the seed at a proper depth; and the diddering it in 
two of the results r observing that the sum placed oppo- proper quantity according to its kind and the nature of 
site to the nanrfo of the crop denotes. the superior Value the soil. For these purposes the ground uiu.st have 
of that which was Drilled compared with the produce of been previously well prepared by repeated ploughing and 
the broadcast. # harrow ing, except in the special case of Drilling beans with 

1 C ‘ £. #. rf. 0,16 forrow. This opemtion is generally performed in 

Oats on stiff loam I 3 0 course of ploughing, either' by a person pushing 

Coleseed after the oats 0 l 0 forward a Drill barrow, or by attaching a hopper ami 

Barley after the coleseed 1 5 3 wheel with the necessary apparatus to the plough itself. . 

Beans after .the barley 113 The mode of regulating the depth of the Drill, and the 

\ftheat after the beans ; 1 14 5 quantity of seed delivered, must depend on the kind of 

Turnips on sandy loam 0 9 9 Drill and only requires attention in the holder. 

Bariev after the turnips 0 17 10 In Drilling turnips the land is mostcommonly made up 

Bed clover after the barley 0 10 fl into wdgelets, at the distance of twenty-seven or thirty 

Wheat after the red etover - 1 9 9 inches from centre to centre, formed by a single bout % or 

. Potatoes on sandy loam, part hand-hoed, double motion, of the common plough. The Northmn- 

nud pari horse-hoed, in favour of the berland machine, which sows two rows at once, is then 

latter 3 13 10 drawn over them by one horse walking between the 

Barley after the potatoes. ... T 10 2 ridges without a driver ; the holder at once performing 

Bed clover after the Parley 0 13 6 that otftof^ond keeping the instrument steady on the top 

Wheat after the red clover . ! 1 16 0 °f foe Drills, or ridgelets, as they arc sometimes* called. 

Cabbages on stiff loam, part hand-hoed One «f the two rollers smooths the surface bcloie the 

nud part horse-hoed, in favour of the seed is deposited, and the other follows to cover it and 

latter 2 10 9 Compress the soil. In Drilling corn, several rows arc 

sown at once, cud great care is requisite to keep the 
We ourselves have witnessed experiments on the machine steady mid in a straight line. If only five rows 

comparative advantages of Drilling and broadcast, in are done at once, the work may be performed with one 

regard particularly to wheat and, oats ; and thercsiAt in horse and a ploughman, but if the implement is so large 
ail cases bus tended to prove the decided superiority of as to cover nine or ten tows, tJHere must be two horses 
the former. Not only is the quantity greater, but the , ill the ynkc, and guided by a driver. 

qualil v is considerably better; and if the sensm has For the Northumberland Drilling machine, we refer Nurthum- 

been wel nr otherwise unfavourable, the latter point of to fig. 30. The roller a which goes before the seed l trhuvl 

No saving improvement is still more manifest. It deserves to lie has two concavities, and thus leaves the ridgelets in tlie |. )r . :ll j nu 

in Mill. remarked, however, that thfc saving of seed is quite illu* very best form for receiving it; after it is sown, two light 1 

sory, for the best farmers bestow as much on the land rollers, b b , follow and cover it; 

in the foprfi of Drilling a 4 * when it is scattered from the Of corn -drills, Morton’s improved grain Drill machine Mi/rlou’s 
Intervals band. Nor ought it to escape attention that a guod deal is undoubtedly the best aud simplest. In it three hop- Brill ina- 
JhiilT” depends on the distance between the rows or Prills ; a pers are included in one box, the seed escaping out of chirie * 

1 8 branch of lh«L subject which has been well illustrated by all the three by the revolution of three cylinders upon 

Mr. Young', Though his conclusions ar? not entitled to one axle ; and Drills of different breadths are produced 

the authority they woukl have' possessed had nil the ex- by the simple shirting of a nut tint fixes a screw moving 

•periments been performed off foe same soil and under iri a groove iti the under frame, by which the distance 
the same management^' Mr. Tull, it is well known, between the two outside conductors and the centra* one 
recommended the Drilling of wheat, barley, and other (j*hich is fixed) can be varied from nine to eleven inches, 
corn crops, at the distance of, three, four, aud even five And in order that the two small wheels may be always 
feel between the rows ; b.ut aa this part of his practice at the same distances respeciively as. the conductors* 
was ’connected with the hypothesis that a well-directed there are two washers, or hollow' cylinders, an inch in 
culture might supersede ail pther means of fertilizing breadth, in the axle arms of each, which may be trans- 
land, he has not been followed, except by a few fudivi- fenced either to the outside or inside of the wheels, mj as 
duals who were deterfnirited to adopt his whole systeffi, to make this distance from the outside conductors, mao, 
and attempt to produce plentiful harvests without the aid tensor eleven inches respectively. The small wheels 
of manure. It is obvious, that the number of rows in a may be raised or depressed, so as to alter the depth at 
given space should be . regulated by the* nature of the width the seed shall be deposited, by the action ui a 
soil and the' species of the plants; strong land requiring wedge which retains the upright part of the axle in an> ^ 

more room for Us rank vegetation, ami that which is ope of a number of notches, which arc made similarly m 
lighter admitting foe Drills at a smaller distance from both, and wliich are cunght by an iron plate on the up|*r 
one another. From\lcn fo fourteen Indies is reconi- side of the arms which carry the axle, 'i his machine, 
mended as a sufficient interval, for rows of corn w lie re says Mr. Doudon, may be still further improved byin- 
the field is in gbod condition , but iu chses where a creasing' the number of conductors from three to five. 
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Agriculture, an improvement, we may add, which has already taken 
n*— - place- Fig- 31. 

f System of Cropping 

Modes of The great variety of soil and climate in this Country 
classifies- suggests and eyen renders necessary a considerable dif- 
tioa. fcrcnce in the hind of crops that mus^ be raised by the 
farmer, who, in this important matter, is frequently de- 
prived of all power of choice. In n systematic point of 
view, the produce of land may he considered under such 
several heads as shall happen to suit the object of the 
writer ; the main distinction being founded on its uses 
■And application, as food for Man, or for the lower ani- 
mals : tho former class comprehends the various species 
of corn, wheat, barley, rye, oats, peas, and beans ; 
while the latter may be extended to nil the vegetable 
tribes which foil under the denomination of green crops. 
It is munifest, however, that this distribution does not rest 
on any fixed principle, because there is none of the cere- 
alia , or genera of grasses, from which the human being 
derives his subsistence, which uiuy not be applied with 
equal success to the tenants of the stable, the cow-house, 
and the ibid. Perhaps A clearer distinction might be 
founded on the property of being culrnifcrons or other 
wise, thus dividing the products of land into such as are 
cultivated for their seeds, and such as are cultivated for 
their leaves ; but as our object is to meet the conve- 
nience of the common reader, rather than to comply 
with the requisitions of a theory not well established, 
we shall proceed to give an account of those crops which 
v chiefly occupy the attention of the British Agriculturist, 
and supply the ordinary demand of our markets. 

Wheat. Of these IV heat deservedly occupies the first place, as 

being in these Islands the main stuff of bread. It is uni- 
versally admitted that the soils mast suitable for this 
species of grain are tho *. 1 of a strong, loamy, and evetj 
clayey description ; but it is not denied, at the same 
time, that where manure cau be had u>, abundance, and 
the climate is not al toge t her ' u n favourable, Wheat may 
be raised successfully oil lands of a much lighter nature. 
As for as our own experience goes, >vc should say that 
not less depends oil the subsoil than on the qualities of 
the pulverized portiou which is turned .tip by' the plough ; 
for as the fibres descend to a great depth in search of 
nutriment, the plants sustain a serious injury from con- 
tact with ferruginous ingredients, in the subjacent strata. 
Before the introduction of turnips and clover, all lands 
not decidedly cohesive were thought’ quite unfit for 
Wheat ; but it is one of the many^ndvantages arising 
from the use of green crops that new powers have been 
thereby added to the soil, ami its capabilities enlarged. 

Till a very recent p trial, Wheat was hardly ever sown 
mn ^* but after a regular summer fallow *„a r method which is 
openly comlcmiuid by Mr. Young, in bis Calendar of 
Agriculture. “ If/’ says be, u there be oue practice in 
husbandry proved by modern experience, to be worse 
than another, it is that of sowing Wheal in fallows. If, 
fallows be thought necessary, let them lie sown with 
barley, or oats, or any thing but Wheat. But Wheat 
may . be advantageously cultivated after clover, tares, 
peas, hea m, turnips, potatoes, and similar crons, regu- 
lating the succession according to the nature? of the soil 
and Die condition of the land.” Beaus which have been 
under suitable culture, are considered by him os the 
best preparation for Wheat; clover and tares being the 
next jn order regarded os preparatory sowings. But 


whether Wheat be sown in fallow, or whatever may be Agriculture 
the preceding crop, it is scarcely necessary to observe Wyw 
that the land should be in a friable and pulverized state, 
aud completely cleared of weeds. When Wheat succeeds 
beans, the state of the weather, will seldom permit more 
than one ploughing ; for which reason, before this be 
attempted* the operation of cross-harrowing is strongly 
recommended, as well for the purpose of leveling the 
rows, as for clearing the surface from cumbersome weeds 
and straw-. To preserve the crop, from the effects of 
moisture, during the Winter, the ridges should,, be ga- 
thered up or raised in the middle, and the open furrows 
on each side be kept free from efbstructions. When 
Wheat is sown after clover, a still greater degree of atton- ** 
lion to the process of ploughing becomes necessary, in 
order that the grass roots may be completely covered ; 
for when this part of the work is carelessly executed, 
the remaining stems vegetate and scud up shoots, to the 
material injury of the young plants. 

But the cares of the farmer are not confined to the Varieties, 
cultivation of the fields meant for Wheat. die must 
exercise a similar vigilance and discernment in the se- 
lection of the seed ; and this not only as it respects the 
quality of the grain, but the kind or species which may 
be proved most answerable to his soil and Climate, which 
every day oF the year either aid or oppose his exertions. 

The varieties of this grain are too numerous to be spe- 
cified here; but the moat general distinction is that 
which respects colour, the red and the white compre- 
hending the intermediate shades. Wheats arc again 
divided into Summer and Winter varieties ; the former 
being usually bearded, while the Iatter*somctimes shows 
a woolly ear and a very thick chuff. The white descrip- 
tion affords flour of a finer quality than the red ; but 
this disadvantage, in the cu*e of the latter; is compen- 
sated by the property it possesses of coming more early 
to the sickle, and of growing on an interior order of- 
soils under a less genial sun. Summer Wheat ha* been 
long cultivated in some parts of England, particularly in 
Lincolnshire, and might probably be found to succeed 
in the more Southern Counties ; but in Scotland it has 
not obtained any. preference, even when used for a crop 
sown in Spring, 

As Wheat-seed is sometimes prepared with pickles, or Pickliug 
steeps and quick-lime, as a preventive of smut, we shall »n<l steep- 
give a short account of a method which is followed in in ff* 
some districts with considerable success. Take four 
vessels, two smaller and two larger, th# former with 
wire bottoms and of a size to contain about a bushel, 
the latter -sufficiently capacious to contain the others 
within them. Fill one of the large tubs with water, 
and putting the Wheat in one of the smaller, immerse it 
in the water, stirring apd skimming off the grains which 
flopt above, and renew the water as often as necessary 
till it comes off quite clean. Then raise the small vessel 
in which the Wheat is contained, and repeat the process 
with It in the other large tub. which U to be filled with 
stale urine > and in the mean time wash more Wheat in 
tile water tub. When abundance of water is at hand, this 
operation is by no means tedious; and the Wheat is 
much more ellt-ct ually cleansed from f\\ impurities, and 
freed more completely from all weak and unhealthy 
grailts than cap be accomplished' hy the winnowing ma- 
chine.! When thoroughly washed and skimmed, let it 
draip a little, tfien empty it on a clean floor, and riddle 

S uick-Iime upon it, turning it over and mixing it with a 
love I, till jt be sufficiently dry for sowing. 
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Agriculture. The experiments of Sf. Prevent quoted by Sir John 
Sinclair, in a Work formerly mentioned, show in a 
M. Pre- striking light the advantage of previous preparation of 
riir »nt» X ^" seed l' 0|i ^ le prevention of smut. The following 
nren b. were t ^ 0 r< . s uUs : 1. infected grain, without any prepa- 
ration, hud one-third of the crop. smutted; 2. infected 
wheat, simply sr aided, gave one-fifth smutted ; 3. sound 
Wheat, without any preservative, had one-fifth part in- 
fected ; 4. infected wheat well moistened in a solution 
of blue vitriol, or sulphate of copper, in the proportion 
of nearly two ounces for three bushels of wheat, herd 
only one-hundredlff part affected with smut ; 5. infected 
wheat, well moistened with a solution of the same kind, 
in the proportion of about four ounces and a half of blue 
vitriol to three bushels of wheat, gave only one three- 
hundredth part annulled. This solution is described as 
being equally efficacious in preventing mildew. The 
process maybe more particularlydelailed in these words: 
Blue vitriol, take three ounces and two drams of bine vitriol, and 
dissolve it in four gallons of cold water, the proportion 
allowed for every three bushels of the wheat to be pre- 
pared. Into another vessel capable of containing sixiy 
or seventy gallons, throw from three! to four bushels of 
wheat, mid jibur upon it the prepared liquid, till it rises 
five or six inches above the corn ; stir it well, and remove 
the light grain from the surface. The wheat after being 
half an hour in the solution, is thrown into a basket to 
allow the liquid to drain off*. The seed is then washed * 
with pure water, and well dried before sowing. It is 
said that it may be kept after this process quite sound 
for several months. A similar application of blue vitriol 
is practised by Mr. Butler of Derbyshire. He dissolves 
two pounds of it in as* much urine as will moisten twelve 
bushels of wheat, and after it has floated o sufficient time 
it is dried with quick-lime. 

Kiln dry- Another preventive of smut recommended to the prac- 

iug. tical Agriculturist is kiln-drying ; an expedieut, how- 

e\er, which must be adopted with great care, as the 
slightest excess of heat might destroy the powers of vc- 
Rolling. gelation. A practice has likewise been introduced by 
some farmers of passing their seed wheat through rollers, 
by Which means a black powdery matter is separated 1 
from the surface of the grain. This also is a method 
which, however successful it m*y have proved in judi- 
cious hands, must not be hastily imitated, there being a 
manifest hazard that part of the corn shall be lacerated, 
or otherwise injured. 

Quantify of No fixed rule can be laid down as to the quantity of v 
seed which ought to be given to an acre of land suitably 
prepared for wheat ; because this is a point of practice 
which must be determined in every case by a reference 
to the fertility’ of the soil, the nature of the climate, and 
even the period of sofring. On a rich Acid brought by 
culture to a good condition and sown early, the quantity 
need not exceed two bushels. In no iustancc should it 
pass three bushels per acre ; although on bean-stubble 
the allowance should- certainly be more liberal than ou 
fallow or alter a green crop. 

MihIos of In regard' to the particular modes of sowing, w r e have 
bowing. already said all that appears necessary! Our reasons 
for preferring the drill-system to the more ancient me- 
thod of broad-cast are founded on experiment and long 
observation ; and wherever .the land will admit of it, 
the farmer will find the expense of labour and machinery 
lobbing, amply repaid. The method of ribbing , os it is called, 
or the making of small furrows at tlfe distance of nine 
or ten inches, answers nearly the same end as drilling, 
VOL. yi. *V- 


The seed, it is true, is scattered by tin- l.amt ... i) le usual A K ric-iliure. 
broad-cast manner, but as it necessanly fall, for the -_r— ^ 

most part in the furrows, the crop rises m parallel mus ' s- ^ v 
and the ground is levelled by harrowing. This pl.,^ 
has nearly all the advantages of the other, so f; U ns 
respects the rays of the sun and the circulation of a U * 
among the plants ; but as some shoots will unavoidably 
spring pp between the lines* it is not so well fitted for 
the operations of clearing, weeding, and hoeing. In the 
County < f Nqrfolk, the Dibbling of wheat is still prac- Dibbhn-*. 
tised to a considerable extent; though we do not find 
that it is attended with any advantage except the sowing 
of seed. An expert dibbler, with the assistance of three 
children to drop the grains, sows about two roods a 
day; the quantity expended being from four to six pecks 
per acre, proving a gain on that aitiele to the amount 
of nearly a bushel on four roods. Some attempts have 
been made to introduce machinery for this purjxiso, but 
hitherto without success. 

After the usual operations of culture ami sowing, the 
anxiety of the farmer is* confined to the two essential 
points of keeping the field free from weeds and super- 
abundant moisture. No water should ever be allowed 
to stagnate on the surface of the ridges, or even in the 
open furrows, otherwise the seed rots and perishes, or if 
it escape total destruction, it sends forth sickly plants 
which never come to perfection. Where the broad -ciist 
method of sowing is continued, the process of clearing 
cannot be fully accompli shed ; being confined to such 
weeds as can be removed by the hand. But wherever Hoeing 
wheat is drilled, the business of hoeing can be effectually 
executed ; a species of labour which is not Jess beneficial 
to the crop by stirring the soil and closing* it in the 
roots, than by eradicating the intrusive vegetation by 
which it would soon be encumbered. It has been ascer- 
tained that by loosening thfe earth and gathering it 
round the stems of plants, tillering, or the production of 
new stalks is greatly promoted, and particularly in the 
drill-hukbandry. Some curious facts are recorded of the Multiplied- 
wonderful multiplication of steins effected by this pro- ot * 
cess. In a moderately good crop of drilled wheat, Sir Ntt:T1 ‘ s ’* 

H. Davy counted from 40 to 120 stalks springing liom 
a single grain ; and he quotes Sir Kenelm Digby who 
saw in the possession of the Fathers of thu Christian 
Doctrine at Paris a plant of barley which they preserved, 
and which consisted of 249 stalks from one seed, and 
yielded 18,000 grains. He refers also to Mr. Miller of 
Cambridge, who sowed some wheat on the 2d of June, 
and on the Sth of August a plant was taken up, sepa- 
rated into eighteen parts, and replanted, in September 
and October, they were again taken up, and divided into 
sixty-jseven separate parts, to remain during the Winter; 
and in March and April they were also taken up, when 
they produced 500 plants. The number of ears from a 
single grain amounted to 25,509, and the grains were es- 
timated at the a mating number of 576.S40. The produce 
weighed nearly forty-eight pounds, and measured three 
pecks and three-quarters of a peck. 

In some districts we have observed the practice of reeling 
"turning in cattle iuto a field of whfeat, to fi\d it down , <Jcwn * 
when it appeared loo luxuriant at ait early part of the 
season. Some benefit was supposed to lie derived from 
the removal of the upright stems by which the growth 
of the lateral shoots become more vigorous ; but if this , 

practice be ever useful, it must be confined to cases of 
excessive luxuriance, and where the land is of a firm 
texture. In shoK, it can only be regarded as a haznrd- 
. u 
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Agriculture, ous alternative, resorted to when the crop would atheN 
v -* r wise he certainlv lost. % 

b; scales The principal diseases to which wheat is exposed are 
mnt. the smut and mildew. The (briner appears in the shajie 
of a black ball, which occupies part of the ear, and 
thereby not only so far diminishes the produce, but con- 
taminates, more or less, all tin? sound grain, rendering 
it unwholesome food, and, quite unsuitable for seed. A 
remedy has been already suggested for this evil, as it is 
understood by all intelligent Agricultures to be perpe- 
tuated by means of propagation, or, in other words, that 
diseased com is always reproduced in an unhealthy state. 
But a more certain preventive will be secured by the re- 
solution never to sow wheat which has been even in 
the slightest degree tainted with smut* 

Mildew. The ravages of mildew, in particular coses, arc even 
more destructive than that of the pernicious blight just 
mentioned. . It is generally imagined to originate in a 
disordered state of the atmosphere ; and when' it takes 
place between the periods of flowering and ripening it 
hois been known to lay waste IVhole fields in the>ccmrsc 
of a week. Nor have any means been discovered for 
putting n stop to so fearful a malady. As it prevails 
more or less in some situations every season, whatever 
may be the state*of the weather, a cause has been sought 
in the vicinity of certain plants, the ftmgous substances 
attached to which bear a great resemblance to the straw 
of mildewed wheat. The barberry and several other 
shrubs have been suspected of extending this evil among 
the cereal triWs ; and various ingenious speculations 
have been formed lo account for the modc^of infection. 
The communications of Sir Joseph Banks to the Board 
of Agriculture give the fullest vie%v that is anywhere to 
be found of this obscure inquiry ; though it must he 
acknowledged thut his researches were not attended with 
any practical advantage to the farmer, or with any new 
• lights useful to the Botanist. * 

’ Ancient of The amount of the produce raised on an acre of good 

produce. wheat land varies, in every County, and in evcify season, 
from three quarters to ten. We have known a whole 
field average ten quarters of good marketable grain, a 
return which may lie expressed in another form ns equal 1 
to eighty Winchester bushels per acre. But. perhaps, 
even iu .the present improved state of Agriculture, we 
tough t to consider one-third of that quantity as the usual 
return throughout the Kingdom. 

Bailey. We proceed now lo Barley, in Wgard to which every 
one knows that it grows best on light Joanra. and even 
Succession, on u sandy soil, if properly manured. It usually suc- 
ceeds turnips, potatoes, beans, peas, or taros. But 
whatever may he the crop which precedes it, the soil 
must be brought by repeated ploughing# to a pulverized 
state, so as to ensure an equal vegetation. Iu 
when Barley follows turnips, it hoe long been a prac- 
tice to drill the seed without ploughing; whereas in 
Norfolk, where this crop is carried to grcot pericction, 
the land is carefully prepared by the .noot assiduoitfi 
Varieties, labour. Of this grain there are several speck* culti- 
vated in Britain, and even different varieties of these 
' species. The twoWoaed species, or Hordevm dUtickon 
of Linnsus, includes sundry varieties, which are known 
by familiar names among the rustics of both divisions of 
the island. Thy early and late, or hot seed and cold seed, 
arc diftttatitious universally recognised. 'To the first of 
those belong flic- Scotch barley, as well as the llathripe, 
Hotspur, and Sprat, which are also denominated the 
Battledore, Fulham, and Putney, from being cultivated 


in the neighbourhood of those places. 1 The second ape- Agriculture, 
cies is the ffordevfa vulgare, or tdwtichon , which is 
likewise descritied us bear or bigg in the Northern Coun- 
ties, and is found to unswer weft on ^elevated situations 
and inferior soils. The Hordewn hrxaslickon, or slx- 
rowed Barley, is a species which . has a strong reed or 
straw, grows rapidly, and ripens early* is- very hardy* 
and withstands the severity of Winter; whence it de- 
rives its characteristic appellation of IVitder Barley . It 
is very generally cultivated in Russia, and as far North 
indeed as any corn is raised ; r but as the quality is rather 
coarse, and fitter for meal than milting, it has not ob- 
tained a very favourable reception among oiir farmers/ * 
especially in the more fertile parts of the country. 

From the beginning of April to the middle of May is Sowing, 
esteemed the best time fpr sowing Bkrley ; bear or bigg, 
being an earlier, as well as a hardier kind, may be sow n 
somewhat later. As it Suffers much from weeds in a 
wet season, it ought to be drilled rather than sown 
broad-cast. The quantity of seed varies according 
to tine condition of the land from two to four bushels. 

We may remark that of late years it has beer mi custo- 
mary to throw Bailey into the ground at an car.>c»- pivmn 
than formerly; and hence nothing is mnr£ common th:»i. 
to* see our farmers occupied with this crop aUw ihr 
middle of March. In some coses, B-u „-y comes in ii re- 
gularly and ripens unequally. To * '*viutc tms i.'O'-r ■* 
nlenee it hns been rccom mended lo smep the 'u i <' '• v* • 
committing it to the soil, not only to prc»-r..i«« y i* lj 
rapid vegetation, but to render it nuno uniform. Some 
Agriculturists add a little soot to the water, with the vn u 
of destroying vermin, which tire occasionally found i * 
attach themselves to the Iwh of the grain. 

No crop requires greater attention in limes*, t- > * ■ v 

ciallyin bad weather, than Barley. When it is foils, ?jj»* 1 

the straw hewtnes brittle, so that the i hi-s are ex.-ed ' w ’ 1 1, ‘ 
ingly apt to break off, if frequently or rotigh<i : nulled. 

The intelligent farmer, therefore, nits it doun, while thu 
straw yet retains a certain portion of il» sap uul the 
grain is not fully hardened. Similar cart* is nectary 
in threshing, eopecii/'y ill separating the spikes or r/ was, 
as they are proviucially denominated, from the rUr For 
‘this purpose, some threshing mills arc furnished with 
what, is called a hutjufulling machine ; and where this 
is wanting, it is customary to put the grain, accoiiq.umcd 
with n portion of threshed straw, a second time through 
the threshing apparatus: Where Bailey has been mown, 
the whole of the straw -requires to be twice threshed, 
independently of the necessity of getting rid of the spikes, 
which sometimes adhere Unackmsly to the grain, if not 
completely ripened. 

The produce of Barley, taking the average of England Produce, 
and the South of Scotkwd, has been estimated rt thirty- 
two bushels ; but when Wales and the North of Scot- 
land arc included, where, owing to the imperfect monies 
of culture still practised, the crops are very indifferent, 
the* general average over the whole will not perhaps 
exceed twenty-eight bushels per acre, < llestricted to the 
County of Middlesex, the average produce is rated at 
four quarters ?>f grain and two toad# of star 

Aye, although leas used in Brilninjhaa other ctilmi- Rye. 

4evou« .crops, is nevertheless entitled torn place in the 
list pf bur Agricultural production*. It is said to be a 
- native Crete ; but it is doubtful whether it can now 
be traced to any, particular Country, it has been culti- 
vated in Europe #om time immemorial* and is considered 
as. coining nearer in it* properties to wheat than any 
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Agriculture^ other grain. In most parts of the Continent it is more 
s— v^' common than wheat* being a mote certain cropland one 
which Requires less culture and manure. It Is the bread 
Varieties, corn of. Germany and of Russia. The varieties of it 
are confined to two, the JFiiUer and die Summer ; but 
there is so little difference between theip, that if sown at 
the same time and in the same field, they can hardly be 
distinguished from each other. Though it has been 
considered as the most impoverishing. of all crops, it is 
admitted that it wilt make a good appearance on a soil 
much inferior to that required for wheat. It will also 
prosper in a colder (Climate, though it is liable to be in- 
*~juTed by rains during the Winter as well as in the 
llowering season-; and* in these respects it. bean some 
resemblance to the finer grairi with which we arf now 
comparing it. • 

J Rye is sown either in Autumn or Spring, and either 

in broad -cast or in drills ; two bushels and a half being 
fhe usual allowance to the acre when deposited in the 
funner manner. No pickling or other preparation is 
ghen to the seed, there being no reason to apprehend 
the disc; sts which that treatment is meant to obviate. 
The spur, nr trgoi, is by some considered as a fungus, a 
species of iclefotivnu somewhat analogous to that which 
>cvasions the smut. It is not peculiar to Rye, though it 

• "H'ldom wn on any other gramineous plant. It is the 
}u 'due. ion of the .-.cods ; is long, horny, and cartilagi- 
;u>ii : i.s sometimes straight, at others curved ; and is 
cocas.. >n..i1y found more than two inches in length. The 
if semblance of this substance to the spurs of a cock has 
procured for it the name by which it is distinguished, 
t mi bre wing a spurred seed you find within it a matter 
' * . lull while colour, adhering to the violet skin which 

. i ouiids it. U ye thus attacked cannot germinate ; and 
. =5 li'uv I/' remarked in regard to other grain, the most 
i-nny years are ‘lie most productive of this disease; that 
high gunnels were nearly free from it; and that even 
the loner purls of the same field were more affected 
♦hail the upper parts. In France, a malady called* the 
chronic, nr dry gangrene has been produced by eating 
enrol or jpmred rye. The same effect has been maiked 
ir Switzerland, where, U is added, mort animals refused 
to cat the distempered corn. The Royal Society of 
Mcdicim* at Paris employed M.Tnsier, a distinguished 
Agriculturist and man of Science, to go into the Countries 
in which tlje it y gangrene prevailed, and collect a suffi- 
cient quantity of cock -spur Rye for the purpose of making 

* iments. The result confirmed tile opinion of those 
who atirili’iud the human disease to that of the vegeta- 
ble, Shch Rye sometimes appeals in this Country, but 
no instauces are recorded of its producing any ^nch 
effects ; but Dr. Wollaston has stated in the Philosophi- 
cal Transactions several cases in which dry gangrene 
was occasioned in one family by eating damaged 
wheat; and nearly the same consequences were pro- 
duced in a household in Wiltshire by the Coliutn temu- 
lenium entering largely into the composition of bread. 
M. Lngusca relates that the' ergot is covered with a thin 
pellicle, and filled with u grey powder. It is collected 

• . as a medicine in Spain by women and 9 children, who 
wade in the fields of standing Rye for the purpose ; but 
tts only a very small quantify, can be obtained* it is sold 
at a high price as an artfolO of the Materia Mediea* 
Culture, &c. The culture, harvesting, and threshing of rye does 

nbl differ essentially from' the same processes as applied 
to wheat ; and the produce, in simitar circumstances, is 
nearly eqqjlh Sir tl. Davy found iitont thousand pm-te 


rf Ry., sKty-one partBOf starch and five part, of sluten. Agricultw* 

Professor Thaer maintains that Rye is the most nouri'.hitur 

grain next to wheat. It contains an aromatic substance 

which oppears to adhere more particularly to the husk 

since the agreeable taste and smell peculiar to Rye-brv:ul* 

are not found iu that which is made from Rye-flour winch 

has passed through a very fine bolting cloth ; while the 

fragrance may be restored by a decoction ‘of Rye-bran in 

the warm water used fo make the dough This sub- 

stance^ is thought to facilitate digestion, and to have an 

action peculiarly fortifying ami refreshing on the animal 

frame. In this Country accordingly. Rye is chiefly used 

for gingerbread, and abroad in the distilleries, where it 

affords a powerful and exhilarating spirit. The best 

Hollands is made of Rye, well selected and prepared by 

the manufacturer, The straw, too, is much prized for 

work, resembling that of Dunstable. 

Next to wheat and barley there is no grain more Oat*, 
common in the Northern parts of Europe than Oats* 

Although its native Country be unknown, the culture of 
this valuable crop Is confined in modern times to dis- 
tricts of which the latitude is higher than the middle 
Provinces of France. Ju the Southern Departments, 
as well os in Italy, Spain, and. Portugal, it is almost 
entirely . unknown ; being unsuitable to the climate 
not less than to the wants of the people. Oats re- 
quire ail atmosphere which hi at once cool and moist ; 
for in the absence of rain, and affected by a tempera- 
ture above sixty degrees, the panicles become so con- 
tracted that they cease to afford sufficient nourishment 
to the cars, which thus never become plump, but are 
thick in the husk, long-awned, and unproductive in 
meal. This is very often the caw with oats in Scotland 
in a dry year, and in the South of England almost 
every season. 

There are many varieties t»f this corn, which are Varieties, 
known lo the farmer , under a cprres ponding number of. 
descriptive appellations. First there is the white or 
common Oat, then the black, the red, the Polish, the 
Dutch, the Potato, the Georgian, the Siberian, the Angus, 
the lllaiusley, the dun* and the Winter Oat. The Potato, 
which is distinguished by hating large, white, plump 
grains, is now almost the only Out raised on well-culti- 
vated lands, whether in England or Scotland, and usually 
brings a higher price in the London market than any 
other variety. It may be remarked, however, that, while 
the Potato and Polish are the fittest for low situations 
where the soil is rich and the air warm, the red kind 
answers best on elevated grounds and under a less genial 
climate. 

Oats grow well on any texture of land, from the Culture, 
stiffest clay to moss or bog, provided it be sufficiently 
dry. Nor does the soil on which they are cultivated 
require any great degree Of preparation. It is generally 
the first crop sown on newly broken-up grutuids, as the 
radical fibres do not, as in the case of wheat and barley, 
depend oa that pulverized condition of the mould w Inch 
results from protracted labour, in regular rotations ibis 
usually follows grass ; sometimes, upon land not rich 
enough for ft treat, that had been previously fallowed or 
luui carried turnips, after barley, but rarely alter wheal, 
unless from particular circumstances cross cropping be- 
comes a nec?ssary evil. One ploughing is generally 
given to the grass lands, commonly in the month 
January, so that the benefit of frost may be grfhied* and 
the surface rendered sufficiently friable for . receiving tho 
harrow, iu some cases a Spring furrow is given when 
- • U 2 
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Agriculture. Oats succeed barley or wheaf, especially when grass- 
>— seeds are to accompany the crop. The best O^its both 
in, quantity and quality, are always those which succeed' 
grass; indeed no kind of grain seems better fitted by 
Nature for foraging upon grass lands, as a full crop is 
usually obtained in the first instance, and the field Iclt 
iu good order for succeeding ones. 

Sowing. The season fbr sowing this corn extends from the be* 
ginning of March to the end of April. About the middle 
of the former month is the time fixed cm by the best far- 
mers. Tn some parts of Ireland, the Dutch Oat is sown 
in Autumn ; in consequence of whiqh it is ripe nearly a 
month earlier than such as is postponed till Spring an 
object worthy of attention in so moist a climate. 

Produce. As Oats are more carefully cultivated in the Northern 
Counties than in those Southward of Trent, the produce 
in the former is correspondingly greater, amounting in 
some cases to fourteen or fifieen quarters per acre. It 
is a grain besides which is subject to much fewef dis- 
eases than the tnore delicate species of com. The smut 
sometimes, indeed, makes an inroad upon it, but the 
injury which is oftenest inflicted upon it arises from 
AVire- wire- worms, that is, the larva of insects which generally 
wunns. abound in lands newly broken up from turf. The best 
mode of obviarfng this serious evil is to put off the 
ploughing of the field till the period at which it is to be 
sown ; for by this means the insect or grub, as it is 
usually called, is turned down, and before it can work its 
way to the surface, the corn has grown up beyond its 
reach. In this way gardeners destroy or retard the 
progress of the gooseberry caterpillar by digging 
under the bushes ; fbr it is found that the eggs and 
larra of insects, like weeds and bulbs, when buried 
loo deep in the ground, have their period of vegetation 
delayed, and sometimes the vital principle entirely extin- 
guished. * 

Value of Every one knows thqt the straw of Oats is itaore 
straw. valuable as forage than that of any other com crop, and 

. is even advantageously used as a substitute for hay 

during the Winter months, both for farm horses and 
cattle, m some of the best cultivated districts in the 
Kingdom. 

Peas and Pea i and Beans were at one time more generally 
'Beans. cultivated than they are at present, being regarded chiefly 

as the means of cleaning foul ground, and preparing 
it for wheat or barley. But since the use of green 
crops has in a great measure superseded the necessity 
of that expedient. Beans are confined almost exclusively 
to clays and strong loams, on which turnip cannot be 
successfully raised. There they succeed wheat or oafs, 
and Sometimes also clover or pasture grass. 

Culture, In preparing ground for Peas and Beans, it ought to 
- be deeply ploughed in Autumn or early in Winter ; and 
as a second or even a. third furrow must l>e given in the 
Spring, it is usual to make one of them a cross-plough- 
ing. The mode of manuring depends upon that of 
sowing. If the seed is to be scattered in the broad-efast 
%vay, (he clung should be ploughed down in the fall of 
the year; but if it is to be deposited in the furrows or 
in drills, the manure should he laid in with it, so as to 
afford the most speedy and' active cooperation with the 
soil, _ The. retnarxs ' which have been made on drill- 
husbandry ill general apply to the management of this 
crop, and need not be repeated. Suffice it fo add, that 
Beans when sown alone arc commonly planted in rows, 
at the distance of nine, eighteen, or tweniy-seveu inches 
the last being the usual interval when they are meant to 


be cultivated by the labour of horses instead of hand- Agriculture, 
weeding and hoeing. w 

The time of sowing varies from the end of January Sowing, Ac. 
to the end of March. Both in the broAd-cast and drill 
husbandry, it is common to mix a few Peas with the 
Beans, because the mixture at once improves the quality ' 
of straw wl;en used as fodder, and affords a ready 
means of blading the sheaves in harvest. The mast 
approved method of reaping this crop is with the sickle, # 
but it is sometimes mown, and in a few instances pulled 
Up by the roots. The amount of produce, as in the case Produce, 
of all pulse grains, is very variable and even precarious ; 
and were it not that it is still esteemed an improving. * - 
crop, it would not be so generally adopted without the 
certainty of a higher remuneration in the market. 

Tarh, which in some^parts of the Kingdom occupy Tares, 
a considerable share of attention, are found to succeed 
best on gravelly loams ; but they' 'produce a tolerable 
crop on almost every variety of soil, if properly cultivated 
and manured'. There arc two varieties of the Tare, Varieties, 
distinguished chiefly by the period of sowing, the Winter 
and the Spring ; and although it be difficult to discri- 
minate the seeds of these varieties, they should always 
be kept separate, because each thrives decidedly best in 
its own season, Winter tares are sown from August till 
October ; earlier on poor soils and exposed situations than 
on richer and more sheltered lands. The plants should 
be fully established in the soil before the approach of 
the cold weather. The Spring kind is sown about the 
beginning of March, when it is intended to ripen the 
seeds ; but when the crop is to be used as green fbod, 
the process may be postponed. two months later. Some- 
times the insertion of the seed of Spring Tares is de- 
layed till June, when a quart of coleseed is gi\en to 
each acre, for the purpose of supplying weaned lambs in 
Autumn with an excellent food. This method is suc- 
cessfully practised on the Down lands in the County of 
Sussex. . - 

Tares are generally sown broad-cast, although, on Sowing, 
good soils, drilling is found to remunerate the additional 
labour by a more abundant return. In Middlesex the produce, 
produce amounts to about twelve tons per acr<vwhich, 
when converted into hay, is reduced trt three or four tons 
according to the nature of the season. The most bene- 
ficial application of this crop is soiling with horses or 
other live stock on the farm ; but for tlyg purpose it 
should be allowed to reach a considerable degree of 
maturity. All descriptions ot animals thrive upon it. 

A single acre of Tares has been known to maintain four 
horses in better coudition than five acres of grass ; and 
twelve horses and eight cows have been kept three 
months upon eight acres of Tares, without the addition 
of any other food.' It is Asserted, too. that the milk of 
cows fed with this vegetable 19 so much improved that 
it yields a greater proportion of butter than can be pro- 
duced bjfthe bt»$t {prass-Jecding. 

Some othe* species of this plant are recommended to u«efu! Bpc - 
the 'attention 'Of the Agriculturist; such as the, bush cics. r " 
vetch, which shoots early in the Spring, vegetates late 
in Autumn, continues green all Winter, is excellent 
pasture, and on fertile soils might be converted into hay ; 
and sec6ndly, the tufted vetch, which rises to a consider- 
able height, and affords abundant foliage, so that it 
might likewise be used as green fodder, or prepared for 
hay. Lean cattle, it i§ said, fmvc been greatly improved 
by feeding on it. The everlasting pea , or Laihyrut 
latifoliusfU likewise a plant of large growth aqd foliage, " 
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Agriculture, and has been warmly recommended as a good material 
v— «•-' for green food or hay, being of ft very nutritious and 
fattening quality. * Buck-wheat is occasionally cultivated 
for the *ame ’purpose, as well as chicory , or wild suc- 
cory, also a succulent, herbaceous plant extremely useful 
in the dairy and feeding-hause. , " 

Potato. There is no production of the soil which the tieccs- 

, shies of life have of late years raised into higher irnpor- 

°tance than the Poiato ; native of a warm climate, arid 
yet iiuluratized in all the Countries of Europe. Its 
history is involved in some obscurity, and the precise 
period of its in trod Action- has not yet been ascertained. 

• From the History of Plants by Gerard, published in the 
year 1 597, there is no doubt that the Potato was known 
* in England at a so.m^what earlier peiind* He speaks 
of two kinds, the common aiuUthe Virginia, which he 
cultivated in his garden; and yet nearly a oeutury and 
a half elapsed before this valuable root becamte a general 
article ot food. 

Varieties. The varieties of this plant arc now almost as nu- 
merous as that of the dog ; the distinction being founded 
chiefly on the colour of the Potato itself, or of the dower 
which it exhibits when in full growth. In Lancashire, 
where it is cultivated with much attention, there are 
known no fewer than twenty varieties of the early de- 
scription, and fifteen of the late. But this minute sub- 
division might be curried to a still greater extent. New 
' varieties are obtained every day by raising a crop from 
seed, by which the quality and productive powers of the 
plant are said, to be greatly improved. When the apples, 
come to maturity and begin to drop from the stein, 
they are collected and preserved among sand till the 
Spring, when, they are bruised either among the saud, 
or fresh mould procured for the purpose, by means of 
which the seeds are separated and mixed with the earth. 
They are then sown or scattered on a well-prepared or 
garden soil ; and when the rough leaf appears, and the 
plants have sufficient strength ^to be safely handled, 
they are removed to another bed of fresh mould, where 
. they are placed in rows and kept free from weeds jdu ring 
the Sommer, (n Autumn cluster9»of small Potatoes are 
found at the roots; these are planted, next Spring, and 
so on successively three years, at the end of which they 
attain their full size.. It must be noticed, however, that 
the earlier varieties do not bear flowers, and consequently, 
do not produce apples ; hut by removing the earth from 
the roots, nncf the small Potatoes themselves as they 
began to form, Air*- Knight/the President of the Horti- 
cultural Society, succeeded "in -forcing ' the plant into 
blossom, and thus obtained seeds' from the early os well 
as the common kinds. 

Culture. The Potato lovea a soil which is rather loose and 
porous; nothing. being more fatal to its success than 
stiff, retentive laud. In many parts of Ireland,’ it is 
plauted ou what are called lazy-btds ; the sets being 
placed oivthc surface, and covered with earth dag out 
of a trench formed round them. But good farmers pre- 
pare their fields for Potatoes nearly in the same manner 
as is practised in turnip husbandry. - The land is usually 
ploughed in Autumn,' an operation which is repeated 
once or ’ twice in the Spring and u copious supply of 
manure is deposited with the seed, either in furrow or 
drill. Some Agriculturists have discovered an advantage 
in bestowing a plentiful dunging on the previous crop, 
rather than on the Potatoes themselves; for in this way . 
t!}e excessive luxuriance bf the stems is 'prevented, while 
the qualityoftto root is* greatly improved. . 


No crop is more benefited, by the care which is Agriculture, 
bestowed oil weeding and hoeing. The eauh ought not 
only to be kept clean, but also to be frequently stirred, Stiringjho 
and raised round the roots of the plants at the several tart h. 
stages of their progress. As the Poiato is now almost 
universally cultivated in drills, the greater part of the 
labour is performed by horses; but whatever may be 
the species of industry required, the fanner should not 
withhold it, for nearly in proportion to his exertions 
in thgt way, will be the amount of bis produce. 

It has been found by those who have instituted ex- Planting- 
pertinents on the comparative advantage of planting 
entire Potatoes* of a larger or smaller size, cuttings of 
different sizes with one or more eyes, or shoots only, 
that middle-sized whole Potatoes, or large cuttings of 
large Potatoes, afford better crops thai^ smaller Potatoes 
entire, or small cuttings, or the eyes or shoots alone. 
Considerable diversity, too, in the amount of the pro- 
duce was occasioned by placing the sets in the rows at 
various distances, from six to twelve inches. With the 
view of saving seed in times of scarcity, the shoots only 
are employed ; but this economy is counterbalanced by 
many disadvantages. The shoots cannot be planted ^so 
early ; many of them being weak afford little or no pro- 
duce, and the crop is generally later in reaching matu- 
rity. lu the use of the eye, or root-bud of the Potato, 
the success has been various. In some cases the produce 
seems to be equal to what was obtained from larger 
sets ; but in others, feeble stems and a diminished return 
have afforded nipple evidence that this mode of propaga- 
tion ought not to be relied upon by tire British farmer. 

The prevailing disease of the Potato is the curl t w hich Diseases, 
originating in Lancashire in the year 1778, soon spread Tije ^ ulL 
very rapidly, especially iu those districts where the cul- 
ture of this valuable root was the most extensive. The 
alarm excited by this occurrence* led to numerous inves- 
tigations with the view of discovering the cause. At 
present the opinion on this head, which seems deservingv 
of the greatest attention, is that entertained by some 
members of the Caledonian Horticultural Society, who 
ascribe the malady to an undue ripebess of the seed. 

To procure, therefore, a sound, healthy stock, it is re- 
coin mended to select seed from a high part of the 
country, where owing to climate, and other circumstances, 
the tubers are never over-ripened. With the same 
view, such Potatoes as ore intended to supply seed for 
the following season, should be planted at least a fort- 
night later than those which are meant for the table, and 
taken up os soon as the sterns begin to display a yellow- 
green colour. 

Among the various methods which have b^eti deviled p ufti »g 11)0 
for increasing the produce, it has been a practice with bIoaMjma - 
some Agriculturists to cut away those parts of the plant 
which contain the flower before the blossom appears. 

It has been ascertained by Mr. Knight that this vege- 
table possesses two modes of securing its reproduction ; 
the, one- by producing tuberous roots, and the other by 
the general mode of flowers and seed-vessels ; and dial 
in both these operations. Hence it has been inf in red 
that if we can prevent the consumption of it in either of 
them, we shull make it act more strongly in the other. 

On this principle, if a Potato plant is carefully deprived * 
of its tubers at* soon as they are formed, it will be made 
infinitely more productive of blossoms and seed*. On . 
the other hand, if its blossoms are picked off uml 
it is , prevented from forming any seed at »ll, the 
fluid which would have been employed in tint opera 
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Agriculture, tion, will be expended in forming an increased crop of 
tubers. 

PruUui'c. In regard. to the average produce, we cannot form an 
accurata judgment without taking into account such a 
variety of circumstance* of culture, fertility, and climate, 
an .would render the result inapplicable to any great ex- 
tent of country, even in the sumo neighbourhood. It 
has been stated by some writers to vary from five to tea 
tons* according to the nature of the soil, and the skill of 
the husbandman. In Yorkshire* from 300 to » 400 
bushels of the finer variety, and from 400 to 500 of the 
coarser sort, are considered a. good crop. We have 
heard that, in some districts of Kent, more than 600 
bushels have been raised from an acre, and that even a 
much larger amount has been ohtaiued, in a very favour- 
able season, and from a soil peculiarly rich. 

Turnip. Next to potato in importance we may place Turnip, 
viewed at least as the means of improving land, of sup- 
plying to the Agriculturist a valuable species of food for 
his cattle. The introduction of this plant, together with 
clover and the artificial grasses, formed a new era in the 
progress of our native husbandry. It is true that Turnip 
does not succeed ou every kind of soil, particularly such 
as are stiff and clayey ; but on dry loams, and indeed 
on all of a loose texture, managed according to. the 
best courses of cropping, it enter* into rotation every 

Varieties, fourth or sixth year. The species usually cultivated in 
the improved districts are the white globe , which ripens 
early, and givcs.a full crop ; the yellow, which has the 
advantage of being more hardy, and is usually meant to 
follow the other in Spring ; and thirdly, the Swedish or 
into, baga , which may he preserved for consumption till 
the end of May. 

Culture. To secure a good return the farmer must have his land 
well pulverized, and cleaned. The manure ought also 
to be carefully preparedvwd in astute of minute division,, 
otherwise the work will be clumsily performed, and 
much of the seed lost. We need not add tlmt the pro- 
cess of sowing is usually conducted by means of the 
drill -machine. The time of sowing the-several varieties 
is somewhat different ; the Swedish being put in first, 
and the yellow, and both about the end of May. But 
as these kinds are much less extensively cultivated than 
the white, the principal seed-time takes place in the 
month of June. The quantity of seed allowed to the 
acre does not. exceed two pounds, which, though more 
than sufficient to stock the ground with plants, isr 
thought necessary for securing a good crop on most 
soils. As soon as the rough leaf, as it is called, i*s de- 
veloped in the young shoot, the hoes must be employed 
to thin the rows, and destroy the most obtrusive weeds. • 
Next follow's the horse-hoe to stir the soil and clean the 
surface ; an operation which it is sometimes necessary to 
. repeat, should the field not have been brought into good 
order by previous ploughing and eradication. 

Injurious So far as labour is concerned there is no ground, 

insect*. generally speaking, to dread the failure of a crop in an 
ordinary season. But the husbandman has obstacles to 
encounter which no exertion can remove, and, we may 
add, which no care can altogether obviate, His greatest 
enemy is the Turnip fly, the. Chrytnmela sanatoria of 
Jjiunjpus, which by preying upon the leaves of the young 
plants very soon destroys them. The. canker* so much 
dreaded in Norfolk, is to he referred to the ravages of 
another insect, the Twthredo oleracea of the same Natu- 
ralist, which is Wafted over in myriads with the North- 
East wind from the Continent, and in the course of a. 


day or two covers whole fields. The black caterpillar Agricultural* 
commences its depredations ou tha Turnip plants after 
tlujy. have made somt progress; tfud is sometimes 
assisted in its' work of destruction,. by the grey slug, not 
less formidable in certain situations than any of the 
others. 

Various means hatfc been devised to prevent the ruin Remedies, 
occasioned by these insects, *but hitherto without ewic- 
„ cess. It has been recommended to steep the seed in 
water, train-oil, linseed oil, or some similar fluid* 
twenty-four hours, and after mixing it with finely sifted 
earth, to deposit it immediately in 1 the drill. The strew- 
ing of quick-lime, vegetable ashes, soot, or barley chair, 
and the sprinkling of lime->watcr, tobacco-water, mid 
some other liquids, have been practised for the destruc- 
tion of* the fly and slug^ Rolling the ground with a 
heavy roller in the night, when the insect proceeds from 
its lurking place, has been adopted by some farmers, hut 
with doubtful success. It has been suggested that as " 
the radish leaf is preferred by the slug to that of the 
turnip, a little of the former should be sown along 
with the latter ; and as the radish appears first, the 
chance of an escape is thereby secured for the main crop. 

But Turnips are, besides, exposed to a disease in the Other 
root. A large excrescence forms below the bulb, which Ubea&u?. 4 
after a certain period becomes putrid, and emits a very 
offensive smell ; an affection which has been ascribed to 
a puncture made by a grub or other insect in the vessels 
of the tap root. It occurs most frequently in dry 
seasons ; and the only antidote that has been devised is 
to enrich the land by means of assiduous culture and 
good manure. There is another distemper familiarly 
known in the country by the name of Jin gen and toes , 
when the plant, instead of forming bulbs, sends off a 
v number of separate roots. In some cases the bulb itself 
la divided into lubes, but very often the tap-root is the 
part affected while the bulb remains untouched. These 
unhealthy indications are frequently observed at an early 
period, and sometimes before the appearance of the rough 
leaf. AH inquiries into the history or origin of this 
disease have failed to discover its true source ; at least it 
cannot be traced to tyiy peculiarity in the Seed, the period 
of sowing, or even in the soil. Some writers time con- 
jectured that it may be occasioned by a wound inflicted 
on the roots by un insect too small to he observed, or 
which retires after it has done the mischief. Marl, or 
fresh mould mixed with lime, has been applied to the 
land as the only remedy which seemed likely to pro\c 
effectual. 

The produce of a Turnip crop varies to a great degree Produce, 
in different Counties, according to the nature of the soil, 
the management* and, the weather. Fifteen tons arc 
reckoned a moderate return, and perhaps the weight 
does not average much higher throughout the Kingdom; 
but we have known instances where it amounted to 
fifty, apd have heard of others still more abundant. 

The Carrol , though lung grown in our gardens, is Carrot, 
comparatively but of recent introduction into Agriculture. 

It seems to have been cultivated from an early period in' 

Germany and Flanders, and brought over from the latter 
Country to Kent and Buffo) k, in the XVlth Cchtury. 

As U requires a deep seif inclining to sand, it can never 
be generally raised as the potato and turnip, which 
come to maturity on a greater variety of grounds. On 
other accounts it is less priced, as a regular crop, by 
Agriculturists th$m it was a few year# ago; and even in 
Norfolk, where it was very successfully cultivated, wo ► 
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Agriculture, arc informed that.it is sown in muoh smaller quantities 

* than itSvas about the beginning of the Century. It is 

said lhat'tke consumption of CarroUneed in that County 
alone has diminished from three or four tons a year to 
as many hundred' weights. , 

Varieties. The varieties of the Carrot which appear in our gar- 
dens are numerous, and may be increased to a great 
extent by the usual means; but the only sort adapted 
for the field is that which is called the long red. The 
. farmer should be aware that new seed is most essential, 
Culture. as it will not vegetate the second year. We have already 
stated that the soil for the Carrot is a deep ticli 
sandy loam ; and in preparing it for crop it ought to be 
ploughed before Winter, in order that it may be pulve- 
rized by the frost, and tin the Spring well stirred to the 
depth at least of a foot. This deep tillage may be per- 
fectly accomplished either 1 by means of the trench- 
plough following the common one, or by the common 
one aloue with a good strength of team ; but the former 
method is to he preferred wherever the lands are inclined 
to be or heavy. In Suffolk, the farmers sow Carrots 
after turnips, barley, and peas, set upon a rye grass 
lay ; the crops upon the first 'have generally been most 
productive; yext to that they prefer the last. In the 
former case, they feed off the turnips by the beginning 
of February, and than lay the land up in small balks or 
furrows, in which stale it remains till the -second week 
in March, when it is harrowed down, double-furrowed 
to this depth of about twelve inches, and the seed sown. 

In regard to climate, the Carrot and turnip require 
nearly the same temperature ; but the former, from the 
depth to which the roots penetrate the soil, thrive better 
than the other in dry warm weather. The season for 
solving is the lost week in March, or the succeeding 
one in April ; though th$ fir-t is generally preferred, it 
being found that the early. crop is usually the most pro- 
Unnuring. ductive. According to some authors,, manure should, 
not be given to Carrots tfie year they are sown, as it is 
alleged that when the roots come in contact with if they 
become forked, scabbed, and woriny. This however, 

. will only take place in cases where recerit unfermented 
dung has been applied; or where other manure has not 
been properly divided and broken into small pieces. 
The best farmers in England always use manure ; for, 
though it has been found that good crops may be occa- 

* siouaily raised in a rich soil without it, the general rule 

is, that a liberal allowance of the best dung is quite 
essential to ati abundant return in ordinary circum- 
stances^ , 

The usual preparation of the seed for sowing is to 
, mix it with earth or sand to make it separate more freely; 
but some add water, turning over the mixture several 
times, and -thus, bringing the seed to the point of vege- 
tation before it is. sown. In France, night-soil is some- 
times used instead of earth, and the drainings, of a 
dunghill instead of water. The quantity of seed when 
Currots arc sown in drills is estimated at ^ two pounds, 
while fin* broad-cast three times as much ^fbund neces- 
ProJucc. sary. The produce of an acre, according to Mr. Young, 
averages three hundred and fitly bushels; but Mr. Bor- 
rows states, in ftis lotmmmiea lions to the Brmrd of Agri- 
culture, that his land yielded eight hundred bushels per 
acre, a produce which considerably exceeds the largest 
crop of potatoes. 

Uses, The Carrot is extremely valuable as an article of rural 

economy. I£ to uted for feeding all kinds of stock, 
serves well ip the dairy, atid is equal to oats for the sus- 


tenance of labouring cattle. The quantity of nutritive Aericuituiti 
matter in this plant, as ascertained by Sir Humphry * _ g- y -n J 
Davy, amounts to ninety-eight parts in one thousand, 
of which three ore starch, and ninety-five sugar. Owing 
to this circumstance, they yield more spirit to the dis- 
tiller than the potato, averaging, it is said, twelve gallons 
per ton. 

The Man gold* wh riel, or Jield-beH, has of late years Man K oU- 
been pretty generally cultivated in some of the most im- wwzvl. 
proved districts of the Kingdom. It is supped to be a 
mongrel between the reef and white beet, though it has 
a much larger bulb than either, which iri some varieties - 
grows in great part above the ground. It has been a 
good deal cultivated in Germany and Swisserlaud both 
for its leaves and roots ; the former are used either for 
spinach or given to cattle; and the roots are set apart, as • 
well for the latter purpose as for the distillery and sugar- 
house. It has been doubled whether it possesses any 
advantages oyer turnip for the general purposes of Agri- 
culture ; and perhaps the main ground of preference 
consists in its adaptation to more tenacious soils than 
answer for turnip, and in its being less exposed to de- 
predation in the neighbourhood of large towns. It has 
been ascertained that any kind of land wjlj suit this 
plant, provided it be rich ; and immense crops of it hate 
been rifised even on strong clays. The variety which is 
most esteemed in Germany is slightly tinged with red, 
although for distillation and the manufacture of sugar, 
a select ion is made of that particular kind which is dis- 
tinguished by a pale yellow colour. 

“The ground should be prepared for it exactly in the Culture, 
same manner as for turrtip, and the process of sowing 
should be conducted on the system of ririlMiusbandry. 

Some farmers, however, prefer to dibble in the seed, 

. asjliey are thereby saved the expense of thinning. In 
either case, the work should b§ done about the middle 
of April. The produce of this crop, in similar circum- 
stances, does not fall short of Swedish turnip ; but the 
nutritive matter afforded by maugold-wurzel is consider- 
ably greater.^ In IGUO parts, that matter amounts to 
136, of which 13 are mucilage, 119 sugar, and 4 gluten. 

Hence it is manifest that an acre of it wilt afford more 
nourishment than turnip, carrot, or parsnips. As food 
for cows, it has generally been preferred, as it gives no 
bad taste to the milk or butter. Near London, iris 
very much used for this purpose; the tops are first taken 
off and given by themselves ; and then the roots arc taken 
up, washed, and given raw. In Britaiu, the abun- 
dance of corn and sugar has precluded the use of (his 
vegetable from enlering into our manufactures ; but* 
in Fniqcc the processes introduced during the donrna- 
tinn of Bonaparte have not yet been everywhere relin- 
quished. ’ . 45 

The Parsnip has not yet been so generally received Farsnip. 
into British Agriculture as to merit much attention in 
an outline of our crops. In Jersey, where it is exten- 
sively cultivated, beans are commonly grown along with 
it ; the former being first dibbled in, and the latter 
afterwards sown brofad-cast. For fattening cattle, it is 
considered equal, if not superior to carrot, as it gives nn 
exquisite flavour and juicy quality to* the meat. It has 
the same good effect on tnikk and butter when cows are 
Jed^ou it. When sown in drills, the quantity required is 
about, two pounds the acre, and the proper season i* the 
month of February. ‘ But notwithstanding the induce- 
ments now mentioned to the culture of this crop, it will 
not, it is probable, ever take its place in a regular rota- 
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Agriculture. tion ; because while, like carrot, it requires much ma- 
liual labour, the variable nature of our climate must 
ever render the return very uncertain. 

Cabbage. The Cabbage, though a nutritious plant, ami quite 
suitable for field cultivation, has not been found profit- 
able as an article of Agricultural industry. One reason 
why so much has been said in its favour, by Mr. Young 
and, other writers, whose experience has been confined 
to the Southern Counties of England, may be discovered 
in the circumstance that they compare its produce with 
the quantity of turnip raised on an equal space of land. 
But it is well known that from the* nature of the soil, 
the climate, and 'the mode of husbandry, the weight of 
turnip raised in those districts fulls greatly short of the 
average amouut as applied to the Kingdom at large ; 
whence it follows .that their estimates must be carefully 
examined by cultivators whose farms are differently cir- 
cumstanced, or whose management is directed by more 
scientific principles in respect to the growth of turnip. 

Culture. The Cabbage requires a rich soil inclining to loam. 

The mode of cultivation greatly resembles that which 
proves mo^t successful with potato, the plants being in- 
serted along the summit of each ridgelct when there is a 
suitable depth of earth. The usual season is March, 
but they may be planted as late us June with every 
prospect of a fair crop in November ; and on thi#ncconut 
they are occasionally substituted for turnip, which has 
given way, either from want of rain or a defect in the 

Produce. seed. The produce is said to be from thirty-five to forty 
tons the acre ; and Sir H. Davy found that 1000 parts 
of cabbage gave 73 of'nutritive matter, of which 41 were 
mucilage, 24 sugar, and 8 gluten. 

Rape has of late years claimed for jt«clf a place in the 
catalogue of field productions; being found valuable 
not only for the oil which is expressed from it, but alsq 
for feeding sheep on ljjnd not well adapted to turnip. 
It is cultivated on a variety of soils, as a first crop after 
paring and burning, and when old grass-lands are 
brought into tillage. Vpon fields kept under the plough 
it comes into the rotation as a green crop ; aud the pre- 
paration and after culture are the same as for turnip, 
A variety of this plant is extensively cultivated in Flan- 
ders chiefly for the sake of the oil expressed from its 
seed. The husks in the form of cake or dust, after the 
oil is withdrawn, constitute an important manure, to 
which we have already invited the attention of the 
reader. The following remarks by tho late Mr. Culley 
of Northumberland, comprehend all that arc necessary, 
to be said on this subject. 

"Mr.Cuiley’B " Rape may be sown from the 24th of May to the 8tH 

Ik* mark*, June, but comes to the greatest growth if sown ip 

May. If sown earlier, it is apt to run to seed. From 
lyvo to three pounds of seed is required per acre sown 
by a common turnip-seed drill. But as Rape-seed Is 
- so much larger than turnip-seed, the drill should Lc 
.wider. When hoed, the Rape should be set out al the 
* same distance ns turnip plants. The drills should be 
'from 26 to 28 or 30 inches, according to the quantity 
of dung given/ As many ploughings, harrowings, and 
rollings should be given os may be ncccfcsury to make 
the soil as fine as possible; the produce will tie 1 from 
twenty-five to fifty tons o* upwards. But it is not so 
much the value of the green crop, as the great certainty 
of *, valuable crop of wheat that merits attention. The 
sheep are put on from the beginning to the middle of 
August ; they must have the Rape consumed by the 
middle, or at latest by the end of September, fco that 


L tUR E. 

the wheat may be sown before the Autumnal rains take Agricnltur 
place. The Burwell red wheat is always preferred. The 
land must be made us clean as any naked fallow. There 
is scarcely au instance known of a crop of wheat sown 
after Rape and eaten oil* with sheep being mildewed ; 
and the grain is gcnerelly well perfected.” * - 

In the modern scheme of cultivation by rotation of ^°ver. 
crops. Clover enters into the regular succession. Before 
it was introduced, it was thought necessary whenever 
land was exhausted by grain crops, to leave it in u state 
of nature and inactivity for several years; after which it 
was again put under the plough. £t present, however, 
such a miserable expedient is superseded by t.he practice 
of raiding green crops and corn crops in a certain order 
on rich soils; while in regard to poorer lands, which do 
not permit so close a succession, Clover is useful as the 
moans of converting thefii into excellent pasture. Red Wii-tiei, 
clover, or, as it is sometimes called, broad clover, is the 
species most commonly grown cm fields which bear an 
alternation of white and green crops, because it yields sc 
larger produce lor one year than auy of the other sorts. 

The white or yellow varieties art seldom mixed with it, 
unless it be the intention of the. farmer to lay down his 
ground in pasturage On rich, clean soilj ton or tw«*l\e Cnltme. 
pounds are .sufficient fur the acre, baton loss lertili* soils, 
especially of a stiff quality, sixteen or eighteen pounds 
are required. When it is to be cut for hay, thin sowing 
is recommended. It may be put in during any of the 
Spring months, with the new corn, or among young 
wheat. When it is cultivated with a drill crop, it is 
sown broad -cast, as soon as the gruin is drilled, and co- 
vered in with a slight harrowing. .Sometimes it is sown 
before the roller, when the barley is a few inches high ; 
and sometimes it is introduced during the operation «if 
hoeing, whether with the hand or by means of the hor-e 
apparatus. When the field is iutended lor early pastui- 
age, it is usual in some districts to sow ray, nb, and 
similar grasses with the Clover; and in this way a more 
luxuriant herbage is produced, especially on the later 
kinds of soil ; but when the crop is to be cut green, it 
is better to sd\v the Clover unmixed. 

It is admitted that the greatest advantage is derived Put v Into 
from this crop by cutting it in the green stale, for feed- growing, 
ing horses and cattle. Applied in this way, it is asserted 
that the Clover supports more than twice the quantity 
of stock, than by pasturing or feeding off in the field ; 
au<i the additional manure thereby obtained is an ample 
compensation for the expense of cutting and carriage. 

Mr. Kent states the difference in the following terms . 

44 The quick growth of this grass after mowing, shudes 
the ground, and prevents the sun from exhaling tho 
moisture of the land .so much as it would if fed bare; 
consequently, it continues to spring with more vigour, 
amji.be moment one crop is off another begins to shoot 
up* ’Whereas when cattle feed it, they frequently de- 
stroy almost as much as they cat; and besides bruise 
the necks of the roots with their feet, which prevents 
the Clover from springing so freely ns after a dean cut 
by the scythe. In hot weather, which is the common 
season for feeding Clover, the files too ere generally so 
troublesome to the cattle, that they are continually rfln- 
nfng from hedge to hedge to brush them off; by which 
it is inconceivable what* injury they do to the crop. 

But when they are fed in stables and yards, they are 
more in the shade, they thrive better, and at the same 
time consume the whole of what is given to them with- 
out waste. 
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Agriculture. 
' Seed clover. 


When clover is intended to produce seed, it* is some- .or tenth, unless manure be liberally applied. Coal- AirricuJture. 
times cut for a first crop of ljay, and the seed is obtained, ashes, peat-ashes, soot, and malUlust arc employed for -m ' 

from the second crop ; but it is a better practice to eat this purpose ; and when the plants are well established 
it well down in the early part, of the Spring by ewes and in the soil, top-dressings of this kind, every third or 
lambs, ibr in this way the land is less exhausted, besides fourth year, retain them in vigour nearly double the 
having afforded the peculiar advantage of early green period. This crop is useful in its green state for all 
food lor the live stock. The crop remains till the husks kinds of stock, although it has been supposed that the 
or blossoms become quite brown, and the seeds have flavour of milk is injured by it; but it is more com- 
acquired firmness. After being cut down it is left on monly used as hay, as it affords a very nutritious food to 
the field till it is dry and crisp, that the seeds may be working horses as well as other descriptions of cattle. 


Ryc-graas 
with clover. 


Choice of 
seeds. 


acquired firmness. After being cut down it is left on 
the field till it is dry and crisp, that the seeds may be 
fully hardened. It is then put up, and the seed is 
threshed out in thj course of the Winter; a process 
which might be successfully managed by the application 
of a mill or other machinery. 

It is usual to sow rye -grass with cloyev, whether the 
land l>e meant for hay dr pasture ; the former commonly 


Lucerne has for a good many years occupied a part Lucerne, 
of our best cultivated lands. It grows most luxuriantly 
on deep, rich, loamy soils, which must, however, be 
kept dry and well manured. With this view the fields 
are prepared either by means of fallowing, or by a hoed 
crop of turnips, carrots, or cabbages. The plants strike 


at the rate of a bushel the acre? or a smaller quantity if deep into the ground, sending up numerous clover-like 
the soil be fertile and ill good order. It inay be of cither shoots, which bear blue or violet-coloured leaves. It is 
the annual or perennial variety, if it be understood extensively grown in the Soutji of Europe, and has 
that the herbage is to be continued for only one year ; been found to answer well in many parts of England, 
and the former produces in generul the more bulky crop, though the principal seat of its culture is Kent. The 
In .the selection of both these seeds, particular attention Roman authors extol this grass very highly and give 
should be paid to their quality and cleanness. The minute directions for its management ; reminding the 
purple colour of the clover denotes that it has been ripe practical farmer that it requires a deep, friable soil in- 
anil well saved, and the seeds of weeds, if there be any, dining to sand with a subsoil of a similar character ; that 
will be the more readily detected. Red clover from it must be sown early in the season ; kept free from 
Holland and France has been found to die out in the weeds; and occasionally supplied with a top-dressing 
season immediately, after it has been cut or pastured; of manure. 

while the English seed produces plants which stand The seed of Lucerne is of n larger shte and paler Sowing 
over the second, and feven the third year. Between the colour than that of clover. The quantity required in Lucerne 
seeds of the annual and perennial rye-grass the differ- the broad-cast method is from eighteen to twenty pounds 
euee is hardly discernible ; and therefore unless it be of per acre ; but when drilled in rows twelve inches dts- 
his own growth, the farmer can have no certainly that iant, ten qr twelve pounds are said to be sufficient, 
he does not labour under deception in this' important though our own experience, even on good land, con- 
matter. firms us in the belief that this estimate is rather too low. 

Trefoil is not only a useful plant in pasture lauds, When the plants arc to be raised in a seed-bed, the 
but may also be beneficially employed as one of the cul- sowing should be as early as the frosts admit, that they 
tivated grasses. The stem is more slender, and the may befit for transplanting in August. This mode can 
growth less luxuriant than common clover. It is sown only be pratetised on a limited scale, and in order that 
with oats, or among the wheat crop in the Spring, when where the soil is rich the crop may stand thin and 
it is to be succeeded by grain in the following season ; regular, and thereby acquire a vigorous growth. Where 
by which means a good feed is obtained for cattle from the labour of weeding and hoeing cannot be perfectly 
harvest till the dead of Winter. Trefoil affords good executed, the broad-cast method of sowing inay be 
pasturage for all kinds of stock, but more especially for adopted ; but where suitable attention to the land can 
sheep. It is earlier than clover, and comes well in after be bestowed, drilling at narrow distances should uq- 
thc turnip and rye crops are consumed. * questionably be preferred. 

Sainfoin ulft> is a very useful plant, especially on the . In a fertile country, there is an obvious advantage in with other 
lighter descriptions of calcareous soils ; affording a valua- sowing the Lucerne alone, inasmuch as less time is lost, cro P s * 
ble food in hilly situations, whether as hay or pasturage, while there is a greater certainty of obtaining a crop. 

It is sown with many of the Spring com crops, but it But the sowing with corn on light and porous soils 
thrives best with barley after turnip ; arid it is tveoro- affords Ihe young plants some protection, and also, it is 
mended by somq that oniy half the quantity of barley thought, prevents the ravages of the fly. When Lucerne 
used for a full crop should be used in such circum- is soWn with grain, the quanty of seed used for the 
stances. Much of the success in all cases, however, latter ought to be smaller than for a separate crop ; and 
depends on the after management. While some writers we add that for this purpose oats are considered better 
advise that it should be cut for hay instead of being than barley as they are not so apt to lodge in a moist 
pastured ; others maintain that it should be neither season. ' . 

cut n6t pastured till the Autumn of the first year. The culture of Lucerne is attended with considerable Culture. 
— .. - •* L 1 — - -- r -~ expense, but, when it succeeds, it brings to the farmer a 


The diversity of practice here recommended inay arise expeuse, but, when it succeeds, it brings to the farmer a 
from a difference ' of the soil, and a greater' or less de- ful l, remuneration. Being one of the earliest grasses, it 
grec of luxuriance in thri crop. But in every in- is sometimes ready for the scythe about the eiul of May, 
stance, a crop of hay is taken the succeeding Sum- apd, in favourable soils, it inay be cut every five or six 
inert and the after-giiss is fed down, to * certain de- weeks throughout the season. Again, besides affording 
frree, by any kind of stock except slieep till the month of a very nutritious food, it is extremely useful lor muitiig 
P^moeV holfoi and other cattle, and indeed for oil the purposes 

C rt is not till the third year that Sainfoin attains its contemplated by the Agriculturist in raising the anti 
perfect growth \ and it begins to decline about the eighth ftcial grasses. The failure of clover in buds w hereon it 
VOL. VI. ‘ ^ * -'■■■ ’’ 
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Agriculture* has been too frequently grown, a fact folly established 
by experience, may therefore induce practical men ia 
make a trial of Lucerne in places in which it is hitherto 
little known; and in time it may possibly become so 
inured to our climate as to grow luxuriantly .in parts of 
the Island, of winch the soil and climate do not rank in 
the first class. It is sometimes used for hay ; but un- 
questionably the most prolitable application of it is in 
its green state, for the soiling and feeding of live stock, 

Ffoxand As Flux and Hemp are very sparingly grown in this 

Hemp* Country, we shall hold it sufficient to mention that they 
both require good soils and are, at the same time, con- 
sidered so exhausting to the land as to require a larger 
price than can be obtained in face of a competition with 
Holland and Russia. Dutch seed is in higher estima- 
tion than any other ; it bring (bund that it raises a 
larger produce than tlte A merican, and secures a finer 
quality than that imported from Riga. In former times 
the process of steeping and bleaching was both tedious 
and precarious, for if the weather became wet there was 
a great risk of losing the whole crop before it could be 
dried ; but this tabour and hazard are now precluded 
by the use of Hill and Bundy’s Patent machines, by 
whilh the whole preparation of Flax for the mill maybe 
accomplished in the space of six days. 

Hops. The Hop, though largely cultivated in some parts of 

the Kingdom, is by no means a general product of Agri- 
cultural labour throughout „ the Empire, because it 
requires advantages of soil and climate which are denied 
to the greater portion of it. In the most favourable 
situations it is a very precarious crop, sometimes yield- 
ing an ample profit, and at other times not defraying the 
expense of rearing it The plant itself, as Mr. Parkin- 
son remarks, is extremely liable to disasters, from its 
firstputling up in the Spring until the time of picking 
in September. Snails «wnd slugs, ants and fleas, are 
formidable enemies in the first instance. Frosts are 
inimical to its growth ; and the bines are frequently 
blighted even after they have reached the- top of the 
poles. Certain green (lies which make their appear- 
ance in the months of May and June, when the wind is 
about North-East, often greatly injure them ; and they 
are subject to be damaged by high winds from the 
South-West. The best situation therefore for a hop- 
garden is a Southern aspect, well shaded on. three sides, 
either by hills or planting, which is supposed to be the 
chief protection that can be given them. 

Coitus* When it is intended to have a new plantation, the 
best method is to have the cuttings from approved stock 
1 planted out the year before they are wanted in the 
hop-ground,' us the use of plants instead of cuttings not 
, only gains twelvemonths, but they arc more certain to 
flourish, as. many of the latter will not take root in a 
dry season. A small piece of moist land it» sufficient U 
• raise plants for many acres and at little exjiense. In 
^preparing the ground, k is worked with a spade, and 
set out in ridges about tan feet wide, and two yards 
between each ; having a strip of grass, called a pillar, 
pe%l every ridge, and an open drain between every two 
■ pillars,' the depth of which varies according to the soil. 
Three rows of plants are made upon each ridge, which 
should intersect each other at, right angles. They are 
generally about six feet distant in the rows, so that the 
number of plants on a statute acre may be estimated at 
thirteen hundred. 

Expense. The expense of taking, up hop ground is from £5 to 
per acre, ns the price of plamicig varies with the . 


made pursued; and if the drains are required to be Agricultur 
deep or the soil is particularly strong, a still greater sum 
wiH be expended; to which may be added £25 per 
dflre for pales, the ren t and taxes, and also the working • 
fiur ihroe years before many hops Cun be expected. - M The 
fbUtming are termed the annual orders: digging the • 
ground completely over, hoeing the earth from the 
plants, and cutting oft* the stock a little above the roots* 
which processes are called pickling and cutting ; poling , 
which is. carrying the poles from the stacks, and setting 
them down to the plants with a round implement shod 
with iron and called a pop, having jl crutch at the top 
and a peg through the middle to tread upon ; tying the 
bides round the poles with rushes and pulling up the 
superfluous bines ; hoeing the ground all over with a 
hoe oftiarge dimensions ^ wheeling and laying manure 
upon every plant or hill ; covering the manure with the 
soft, which is done by scraping the ground over with a 
hoe and is called hilling ; and stacking, which is carry- 
ing and setting up the poles into heaps or stacks, after 
the crop has been taken. The annual expense of these 
orders varies from £$. 15s. to £S. bs, per^tero. , 

As to the manure most proper for the hop culture, Manure, 
good stable dung is much used, and is preferred to the 
manure mode by cattle, as the latter encourages ants on 
strong ground. Woollen rags arc the best for .forcing a 
luxurious bine, and if used with judgment are excellent 
for clay-laud ; hut they are apt to make tlie hops smalL 
if too many are employed. Malt, culm, mid dove- 
mat) tire are excellent ; and one complete dressing with 
lime is very serviceable for strong ground. 

When the crop is ripe, a, proper. number of pickers are Picking, 
procured, for whom are provided light wooden frames, 
called bingu ; they are clothed with hop-bagging, into 
which the bops are picked ofF the poles bv women and 
children, having them brought by men, wlio take them 
up by cutting the bines about a foot above the ground, 
and drawing up the poles by an instrument called , a 
dragon- Each binge has from four to six pickers, and 
a man attends to one or two binges according to the 
crop ; he strips the bines from the poles as they are 
picked and lays tiicm in heaps ready for stacking; he 
also carries the hops to the kilns, if near, or to a cart* as 
they are measured from the binge. It is necessary to 
have a supply of coke in the kilns to dry the hops which 
.am spread on hairdolh v stretched upon an open floor 
of wood over the fire, every noon and midnight, so long 
aa the picking continues. * They; are stirred repeatedly, 
and when cured are turned off into the store-room to be 
put into bags* aod pockets, (after they have .been there 
about a week,) which is done by fixing each bag ia a 
frame and . treading Oic hops’ll Tfcn& excise, officer, 
who attends during the season, then wfeigjfo them, and 
gharget twopence per goand for the duty, when they, 
become marketable. 

From the foregoing particulars, continues Mr. Par- Profits, 
kmson, it will -appear that there are scarcely any Jiop- 
grotiuds which do not cost yearly upwards' of £12 
per acre, (exclusive -of the picking and dqty, which may 
exceed £20 acre ;) and them are other grounds on 
which upwards of £20 the acre are,. expended ; so tlte 
average may b* said lo be about £15 per jfcjre, without * 
the picking, drying, and, duty. . If a good plantation 
predupes ten hundred weight per acre ifi a <;rop year; 
wbich.&re sold at £3 per hundred^weigbMhfeannuai^ ^ 
pauses being £20,, and the labour and duly. £20, the pro* • 

JU rii) be £10; and admitting that the sftme gTouud pays , 
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Agriculture. ail expenses in a blight year* and supposing this to be 
’ ^fepfrthird year; the profits would be nearly £7 per acre 
■Mpially. Rut, as the foregoing crop cannot be ex- 
pected on any ground every other year, the produce of 
the third year may be stated at five hundred Weight 
peir acre, at eight guineas per hundred weight ; front 
which amount must be deducted the annual expenses 
£20, and the picking and duty £12, leaving as before a 
profit of about £10. 

On a suitable soil, properly managed, a hop planta- 
tion may continue in a state of tolerable productiveness, 
fifteen yean or mofe, but in ordinary circumstances it 
begins to deteriorate about the tenth year. 7b? ex- 
pense of forming one has been estimated, including all the 
expenses of cultivation and building, at from £70 to 
£100 per acre. Tfhe annual ■dressing, too, absorbs a 
great quantity of manure, which, of Course, must be 
withheld from the lands under tillage, and thereby give 
occasion to a- certain degree of loss. It may conse- 
quently b? 'inferred that the growing of hops. ii> favour- 
able circuins^nces ,oT soil and climate, is: a 'profitable 
application of Agricultural capital and skill. , ; 

Other Our limits w^^tot permit any minute description of 

crops* a variety of (fiber productions which, in particular dis- 
tricts, occupy the attention of the former : su<5h as florin 
grass, strongly recommended bythe late Dr. Richard- 
son ; woad and Weld, arluHte used for dyeing black and 
yellow respectively ; tho sparry,* or Sprrgiila arvensis, a 
plant occasionally sown on stubble fields ; buck- wheat, 
a grain principally used for feeding poultry ; maize or 
Indian corn, lately attempted on a small scale ; and kelp, 
a marine product raised for the purpose of supplying 
an alkali or potash, which is found useful both as a 
manure and in the manufacture of soap and glass. We 
therefore pass on to another branch of our subject, 
namely, * 


Causes ot 
fertility- " 


The Succession or Rotation of Crops. 

It is now one of the best established principles in 
fjtfquu& that land from which the same species of crop 
i^qikert for, a number of years, is more exbansted than 4 
if the ssyrne quantity of produce were raised from it, pro- 
- gTajp pi plants' were of different sorts. Hence 

• i£ js^i « important inquiry, how the kinds of crop best 
" adnpjted to different situations should be selected, so as to 
qblain at th2 cheapest rate, and with the most certain 
quceess, thqse vyjdch are the most advantageous and 
Ytbich b^st correspond with Jhe .nature of the land and 
J^j^ftdni&n's tncane of raising them; keeping in 
WIKsfff qe^ecemomy and profit, and the full supply of 
ijutqgrp; ^fq^slte to support the fertility of the soil. In 
qvery .system of iqanag?xnent v a remark made by Dr. 
faytuirfi : late professor of Agriculture at Edin- 
remembered; namely, that the fer- 
t^i^of^apy soil }% augmented in proportion os it is 
s. uAjr^qg %rtjl,e; opfc In other words, that it is more diffi- 
cult t$ ra^tjhu fertility of lend from the pitch of hear- 
ing two quarter Ho that of three, than from three lofive 
Ot even six. -It is teUVaa the seine author observes, 
that; the ^ifcuinstancaa of situation can, alone 7 determine 

w**** of cro P* for cul- 
^w^4%PI9S9!rtwn tu which they should he raised, and 
' the, best ^wjje^or succession with respect to one another, 
Certalp porUculars in different cases require the atten- 
tive of the husbandman, when about to 

oettle the m^ of culture for his arable fields; «pma of 


thetn *re of general import while others are more con- Acriailfnww 
nected with local peculiarities of earth and atmosphere. ' 

In all cases, the main points to be considered are the Alternate 
proper adaptation of 4 the coni crops to the nature and 
state. of the lands, and the judicious intermixture of 
green crops so as to prevent the exhaustion of deteriora- 
tion of the soil ; that is, the strict observance of the alter- 
nate husbandry. In this, Way the culture of the field 
approaches to that of the garden, and the impoverishing 
effects produced by a succession of grain crops are 
avoided, while the amount of produce is greatly in- 
creased. But it ought to be observed that the fertility 
even of the richest land cannot be retained by a con- 
stant course of alternate cropping ; while such manage- 
ment pn a sandy soil, and indeed on all of a higher 
description, is positively injurious. For the purpose of 
keeping np the requWte degree of vigour in such lands, * 
that portion which has produced a herbage crop is 
allowed to remain in pasture, during one or two years. 

According to this system, which, to distinguish it from and conrer- 
the alternate, is denominated convertible husbandry, the ^P 5 *- 
same land is at one period under the plough, and at 
.another in pasture gross. In conductingboih schemes, 
the' convertible and the alternate, the farmer in ust not 
repeat a crop on the same field at too short an interval ; 
and this remark applies to turnip and potato os well as 
to wheat or rye. A too rapid recurrence is certain to be 
followed by a diminution in the extent as well us in the 
quality of the produce. 

It has been recommended by the author of the Sur- Proportion 
vey of Middlesex, that where the land is of the best qua- of green 
lily an alternation of green and white crops may be pur- aml whjtc 
sued ; that where the land is of a full medium quality, cro l >9 “ 
three green crops and two corn crops should be taken ; 
that for ordinary land tlie propot lion should not exceed 
one corn crop for two green trops ; and that for poor 
exhausted laud, as that of the Down and Sheep-Walk 
description, one grain crop is sufficient lor three of 
potato, clover, or turnip. By cropping in this manner 
and in the proportions now stated, it is supposed that 
lands may be kept in a cleau state and in a proper de- 
gree of fertility ; or as the author expresses if, under 
such 'management they might be continued in perpetual 
arinkm with a constant succession of large products. 

According to the proportions just stated, the follow- Rotations, 
iug series of crops are .suggested : 

JL Corn, clover, peas ; or peas, beans, corn ; being 

, two green crops for one of the white kiud. 

II. Corp, clover, tares, turnips; or corn, clover, peas, 
and beans; being three greeircrops to one white. 

III. Tares, potatoes or cole* turnips, corn, clover; 
being four green crops to one of corn. 

IV. Peas, beaus, corn, clover, tares, turnips ; being 
five green crops fo one of grain. 

- On lands where the convertible husbandry is pur- 
sued, horse-hoeing practised, and ±hc green crops sown 
OH ridges at a proper distance from owe another, the 
following Rotations are suggested by Mr. Clot»e flu- dif- 
ferent sorts. 

I. Ost clay soils. 1. Turnips or cabbages. 

2. Oats. 

3. Beans and clover. 

4. Wheat. 

.5. Turnips or cabbages, 

fi. o??>. 

7. Beans uml vetches. 

8. Wheat. 

x2 
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II. On clayey loams. ' 


III. On rich or sandy 
loams. 


IV. On peaty soils. 


1. Turuips or cabbages. 

2. Oats. 

3. Clover. 

4. Wheat. 

5. Turnips or cabbages. 

6. Harley. 

7. Beans. 

8. Wheat. 

1. Turnips and potatoes. 

2. Barley. 

3. Clover. 

4. Wheat. 

5. Beans. 

6. Barley, 

7. Peas. 

8. Wheat. 

1. Turnips. * 

2. Barley. 

3. Clover. 

4. Wheat. 

5. Potatoes. 

6. Barley. 

7. Peas. 

8. Wheat. 


V. On a chalky subsoil. * 1. Turnips. 

2. Barley. 

3. Clover. 

4. Wheat. 

5. Potatoes. 

6. Barley. 

7. Peas. 

8. Wheat. 

VI. On gravelly soils/ 1. Turnip. 

* 2. Barley. 

3. Clover. 

4. Wheat. 

5. Potatoes. 
d. Barley. 

7. Peas. 

VII. On light lands. 1. Turnips. 

2. Barley. 

* , ‘ 3. Clover and ryegrass. 

4. Ditto, ditto. . 

5. Ditto, ditto. 

6. Peas. / 4. ' r ' '■ 

7 \ R > e * 

.8. Wheat. . *,» 

These examples are sufficient to illustrate the subject of 
improved Rotations as ex plained by Mr. Brown in his Trttr~ v 
titeon Rural Affairs, but as the best general scheme may 
be occasionally deviated from with advantage, the same 
author adds that cross-cropping in some cases may per- 
haps be justifiable in. practice. For instance, we have 
seen wheat taken after oats with great success when 
these last bad followed clover on a rich soil, though, as a 

J ermanent rule, it cannot be recommended. We have 
eard of .another Rotation which seems to come under 
the same predicament, were it. not that> without the test 
of experience, we must not presume to pronounce upon 
its merits. The method alluded.to begins with a naked 
fallow, and is carried on with wheat, grass for one year 
or more* oats, and wheat again, with which the series 
terminates. The supporters of this plan of cultivation 
maintain that beans are an. uncertain crop and raised at 


great expense ; and that in no other way will corn, in Agriculture 
equal quantity and of equal value, be produced at so 
little expense. .That the cost 1 b lessened we readily 
admit, because no more than seven ploughing* are giveu 
through the whole Rotntioii; but whether the crops will 
be of equal value, and whether the ground will, be pre- 
served in equally good condition, are points which re- 
main to be ascertained hy experience. 

In East Lothian, a district in which Agriculture has Rotations 
reached a high degree of perfection, the following Rota- in ^ BKt 
tions are observed. On lands near the sea where the Lothj|in ' 
soil is a dry gravelly loam, a four-bourse shift, as they 
call it, is adopted. 1, Turnip with or without manure ; 

2. barley or Spring-wheat with gross seeds; 3. clover, 
used green for cattle, or cut for bay ; 4. wheat, or oats 
if wheat was taken before, manured* on the clover lay. 

On this description of land, the turnips are consumed on 
the ground by sheep. On deeper loams with u dry 
bottom the usual Rotation is, 1. turnips ; 2. barley or 
spring wljeat ; 3. grass ; 4. oats ; J>. beans drilled and 
horsc-hoed ; fi. wheat. The manure is applied only once, 
and iu this Rotation is given to the turnip, so that suc- 
cess in this mode of cultivation can be obtained only on 
land of the best quality. On heavy loamf with a reten- 
tive subsoil the method is somewhat different ; namely, 

1. fallow with manure;. 2. wheat; 3. beans drilled and 
horse-hoed ; 4. barley ; 5. clover, which is manured on 
the stubble; 6. oats; 7. beans; 8. wheat. The appli- 
cation of manure twice in the course of this Rotation is 
found very beneficiat. 

Connected with Rotation wc may observe that a change Varieties of 
of the variety as well as of the specie , t of the plants used in *] le . aamo 
husbandry, is found lobe attended with great advantage. S ram * 

It is well known that of two parcels of wheat, for cxnmple, . 
as much alike in qimUty as possible, the one which had 
been Vaised on & soil differing much from that on which 
it iartobe sown, will yield a better produce than the 
other that grew in the same, or in a very similar 
soil and climate. Thus farmers too, in one district find 
that wheat from another, although not superior to their 
own, is a. very advantageous change ; while oats and 
*other grain brought from a clayey to a sandy soil, arc 
more productive than seed raised on similar ground. 

No precise rules can be laid down for fixing the pro- Distribu- 
portion of any farm which should be occupied by the *ion of 
different crops; for the quantity of lan<J, destined to CTO V*' 

. each must, be varied not only according to its soil and 
climate, hut eyed according to its local situation in 
regard to markets. As, however, a great object in 
every well-regulated system of husbandry Is to preserve 
the ground in good condition, add at the same time to 
'derive from it the greatest quantity of produce it is capa- 
ble of yielding, a Certain relation must always be 
established between the extent of land allotted to gteen 
crops on the one hand and io corin' crops on the other. 

The necessity of this arrangementriyill appear from the 
fact that, while the return pf manure from cofrt is only 
about four tons, for the acre, the amount arising from a 
green crop exceeds six ton a ; and, as it has been calcu- 
lated that a farm cannot be kept at' the proper pitch of 
fertility* unless the crop yield manure at the average of 
five. tons, it becomes manifest that £ given proportion of 
the land must be, used for the production of turnip, 
clover, and potato. * - - . * . - 

Before we conclude thiftdjranch of the subject we shall &*peri- 
add a few remarks oq the advantage of experiments on "J 
sods and manures, made With the view of ascertaining MsnwiJ 
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Agriculture, their influence on each other, and their respective tend- 
ency to invigorate the ‘principle? .of fertility, and in- 
crease the amount of Agricultural produce. Here we 
do ' not allude merely to tho&e. trials made by theorists 
and speculative writers on the Geological properties of 
soil at large, nor to those ingenious conclusions derived 
by the Chemist from, a scientific analysis of the various 
substances which are . applied Tor its improvement in the 
great scal,e.. We rather mean those partiiiularexpcri- 
merits which are made by individuals on their own 
larfds, with a reference to the 'several kinds of manure 
which may happen /o be within their reach. Were this 
plan generally adopted by farmers,' a degree of precision 
and accuracy in their .knowledge of rurat affairs would 
soon be acquired ; which, we venture to predict, would 
place Agriculture as Tar in advance of what it is«t pre- 
sent, as it Is now in advance* of what it was fifty or 
eighty years a gof The trouble and expense of making 
experiments is, no doubt, considerable ; but the value of 
the knowledge thereby Obtained wotild prove an ample 
remuneration, preventing much useless labour and an 
unprofitable outlay of capital. 

by Mr* To illustrate wnat we mean we shall give an example 

Oliver* of the kind of^xpCrhnent now recommended, supplied to 

us by an eminent Agriculturist in Mid Lofhian.* The 
object in view r was to ascertain,' iii the first plaoe, the 
relative value, in producing potatoes, of dry recent horse- 
manure, of cow-dung, and of street-sweepings, or rather 
the aggregate substances which are collected in large 
towns under the direction of the police ; and secondly,* 
that particular distance between, the rows in a field of 
potatoes w hich will secure at once the largest produce 
and the best quality. ‘ 

For this purpose a portion of land was selected, as 
neurly ns possible of a' uniform character, and extending 
to about two Scotch acres. The plan of proceeding will 
be easily, understood by the subjoined description of 
the field. It was divided into five portions of thirty-six 
feet broad ; each of which again divided into three por- 
tions twelve feet broad. Upop the first twelve feet,.bogin- 
ning at one side df the field* twelve drills, occupying one 
foot each, were formed, and. cow-manure applied at the 
rate of forty, cart?, weighing about eighteen ..hundred 
weight each; tp . the acre. ? Upon the ’second twelve feet 
twelve drills of the same width were 'made, to which.the . 
same quantity of dry hoiwe-ipanureXwas applied ; and 
on the third twelve feet, the like quantity of street-ma- 
nure was laid/ and the same ; number of drills were 
planted. In like : manner, upon the regaining four 
divisions of thirty T six . feet* drills *at the distance ^of 
eighteen, twenty-four, thirty; and thirty-six inches respect- t 

* Mr. Oliver, who through the medium of the Periodical Press 
has thrown much* light’ on. some, interesting branches of rural 
economy. 
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ivtly were formed, and the same Vin.ls and quantities Agriculture- 
of manure were applied in the same order; that is, on w r v — 
every separate portion of thirty-six feet, subdivided into 
three sections of twelve feet, cow-ilung, horse-dung, 
street-dung were laid successively us has just heeu 
described. * 

The whole field was planted with that description of 
potato known in Scotland by the name of Dons, and in 
England by that of Pinkeyes. It is obvious that there 
were in it fifteen lots or portion? ; each of the five prin- 
cipal sections being subdivided into three minor sections. 

When the crop was ripe, each division was lifted sepa- 
rately, the produce freed frpm earth by riddling, and 
carefully weighed* In order to ascertain the effect of 
the different widths on qriantity, the weight obtained 
from each of the five divisions on which drills of twelve, 
eighteen, twenty-four, , thirty, * and thirty-six inches 
respectively were formed, was ascertained. For this 
purpose it will be observed, it was not necessary to make 
T any distinction as to the different kinds of manure 
applied, because each division received an equal portion 
of the three sorts. 

The result as to ihe effect,. of distance between the 
drills is exhibited in the 1st Table, aud goes for to 
prove the importance of attending to that particular. 

The lid Table exhibhs the result of the experi- 
ment as to the relative value of the several kinds of 
manure employed ; which, taken in connection with’ 
various other experiments on the same subject, leaves 
no doubt that great benefits would arise from experi- 
mental investigations in regard to the means of ferti- 
lizinglancf for different species of crops. It is rendered 
manifest on the present occasion, that street-manure is 
very inferior, for the purpose of cultivating potatoes, to 
that supplied either by the cow or horse ; but no 
general conclusion can be established until it shall be 
verified by experiments that its inferiority is equally 
great oil all other soils. The ascertainment of this sim- 
ple fact might perhaps lead to the most important 
results as to the peculiar food, or pabulum, of the 
potato plant. 

The 1 1 Id Table is formed by taking the average pro- 
duce per acre, obtained from each of the throe kinds of 
manure employed, and at the several distances between 
the rows, as shown in Table II. In this way is 
brought into One view the comparative values of the 
k manures and the average result of the five experiments. 

In fact, each of the five greater divisions may be regarded 
as a separate illustration of the principles involved, ; 
whether in the mode or material of cultivation ; (Ik ugh 
when the whole are alternated and repeated under so 
great a variety of circumstances, they produce a greater 
degree of confidence than when estimated singly. But 
we beg the attention of the reader to the Tables them- 
selves* 
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Sketch of the Field showing the situation of the Lott, th&ir produce, and the manner in which the different 

kinds of fitanvre wore applied* % - 


Measurement. 

Inches 

between 

rows. 

■ 

' * . 

A. 

u* 

F. 

f 

Cow-dung 

12 How® 

15$ Falls 

SOL1.9. 

Produce 4 

F. 

0 

0 1. 

L • , 

0 

i 

H 

12 

Horse-dung 

12 Rows 

15$ Falls , 

Produce 4 

2 

0 

• 

■36 feel 




l 

Street-dung 

12 Hows 

15$ Falls 

Produce 4 

0 

0 

1 



• 

Cow-dung 

8 Rows 

ltf Falls 

Produce 6 

0 

0 . 


0 

1 

n 

18 < 

Horse-dung 

8 Rows 

16 Falls ' 

Produce 5 

3 

" '% 
•0 

1 

<© 





Street-dung 

S Rows 

16 Fulls 

Produce 4 

2 

0 






Cow-dung 

6 Rows 

16$ Falls 

Produce 6 

1 

2 

k - 

0 

i 

10 

24 

Horse-dung 

6 Rows 

16$ Falls 

Produce 6 

1 

1 

[-4 

1 <P 



• 


Street-dung 

6 Rows 

16$ Falls 

Produce 4 

0 

1 

I CO 





CoW-dnng 

*■ 

5 Rows 

18 Falls 

Produce 7 

2 



0 

1 


30 < 

Horse-dung 

5 Roiys 

18 FaHs 

Produce 7 

2 

o » 

■M 

<o 





Street-dung 

5 Rows 

18 Falls 

Produce 4 

1 

•0 j 





• 

Ccw-dung 

4 Rows 

17$ Falls 

Produce 6 

3 

1 


0 

1 

CO 

{ 

36 

Horse-dung 

4 Rows 

14$ Falls 

Produce 6 

0 

2 

i • 

CO 





Street-dung 

4 Rows 

- * 

17 Falls 

Produce^ 5 

0 

0 j 

CO 


TablU I. 

Showing the Profit or Loss upon raising Potatoes at 12, J8, 24, 30, and 36 inches between the Rows. 


Ditftanre 

between 

roTV^. 

Quantity of 
■oroumi in each 
lot. 

Produce. 

•M 

Quantity per 
acve. 

. Price 
per boll 

* V 

Vahu? per acre. 

Cost bf produc- 
tion. 

Loss per Sere, 

Profit per acre. 

Inches. 

AC. *. F. 

B. F. F. L. 

B. V. F. 1.. 

«. 


£. f </s 

*«. • a 

. £. t. <1. 

12 

0 1 5 $ 

12 2 0 0 

43 2 3 1 

8 

17 ^ 

24 ; 8 ,0 

> • u - . ■* # 

6 18 4 $ 


18 

o i n 

16 1 0 0 

54 1 3 0 

8 

21 15 6 : 

•' 23 ,^8 v 0 

'',l' 12 - 6 p 


-24 

0 1 10 

16 3 0 0 

53 2 1 2 

8 "* 


23^0 ; 0 ^ 

/jl J' 8 ' 


' ; 'ao; 

■ 0 .1 10 $ 

l ? 10 0 

,00 2 3 0 

. 8.1 

'?4 .. .5 ., 6 ” 

• 2 ^.- 13;'>0 

/* • ,r • 1 

.': v, . 

j 12 6 

36 r 

O 1 8 $ 

17 3 8 0 

58 3 2 0 

8 

.23 11 6 

•gaib o 

\ v'v;' l 

1 10 

* 


W J, r '-r" 1 




V .a: j • . 

. . ' f''-. 
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and Street- dung, each applied at the rale of Forty Cart* per Acre. 


Diataiuu 
between 
~ k row*. 

Kinds uf 
mADtnft 
applied/ 

Produce 

P« 

acre. 

Value 

a 

Value per 
afire. 

Cost of 
production . 

Price of 
manure 
per cart. 

Lous pvr 
acre. 

Profit, per 
acie. 



S. F. F.L. 

«. 

£> i. d. 

£ 

9. d. 

$ d. 

£. f. d. 

£• » d. 

, 

Cow.' 

42 0 0 0 

8 

• 16 16 0 

25 

8 0 

4 0 

8 

12 0 


12 

Horoq. 

47 0 3 0 

. 8 

18 17 6 

23 

8 0 

3 0 

4 

10 6 



’ Street. 

42 0 0 0. 

8 

16 16 0 

24 

8 0 

3 6 

7 

12 0 


I 

Cow. 

60 0 0 0 

6 

24 0 0 

24 

8 0 

4 0 

0 

8 0 


18 

Horse, 

61 '2 6*0 ’ 

8 

25 0 0 

22 

8 0 

3 0 


. . . • 

0 12 0 

1 

Street. 

45 0 0 0 

8 

18 0 0 

23 

8 0 

3 6 

5 

8 0 



Cow. 

61 0 3 0 

8 

24 9 6 

24 

0 0 

4 0 

. . 

. . . . 

0 9 6 

24 

Horse.* 

60 1 0 0 

8 

24 2 0 

22 

0 0 

30 

. . 

• a a * 

2 2 0 


Street. N 

39 0.0 0 

8 

15 12 0 

23 

0 o 

3 6 

7 

9 0 

■c 


f 

Coir. 

66 2 2 0 

6 

26 13 0 

23 

18 0 

4 0 

. . 


3 0 0 

3° 

Horse. 

66 2 2 0 

8 

26 13 6 

21 

13 0 

3 0 

. • 

.438 

5 0 0 

1 

Street. 

46 S 2 0 

8 

18 15 0 

22 

13 0 

3 6 

3 

18 0 


' 

Cow. 

63 0 3 0 

8 

25 5 6 

23 

10 0 

4 0 

. . 

. . . . 

1 15 C 

36 

Horse. 

67 2 2 I 

8 

27 0 7 £ 

21 

10 0 

4 

3 0 

. . 

• • • • 

5 10 7£, 

1 

Street. 

47 0 0 0 

8 

18 16 0 

22 

16 0 

3 6 

I 

3 

4 o 

» 



Table III. 

Showing the average Profit or Lois upon Potatoes raised at the Distances between the Rows and with the three 

hinds of Manure in Table H. 


Kinds of 
manure. 

Bolla per 
acre. 

Price per 
boU. 

Value per 
acre. 

Cost of 
production. 

Lot.* per 
acre. 

Profit per 
acre. 


». p. p. r.. 

#. 

£. 9. rf. 

£. s. rf. 

JL 9 . rf. 

£. s. rf. 

Cow. 

58 2 I S 

8 

28 8 9 

24 3 9£ 

0 15 0 £ 


Horse. 

59 3 1 1 

8 

2318 7 £ 

22 3 9$ 


1 14 10 

Street. 

• 

48 3 8 8 

8 

' j 

17 11 10J 

1 

23 8 9J 

5 11 11 

1 

I 

! 


Results, From the 1st of these Tables H appears that the 
Width of distance of thirty inches between the drills ought to be 
Drills. preferred to any of the others ; there being uniformly a 
loss on all the portions grodrn at narrower intervals, 
and the greatest on that where the drills were only, 
twelve inches apart. It appears, at the same time, that 
a greater width would not prove, beneficial ; for the 
piece of ground where the drills were at the distance of 
thirty-six inches was not equally productive with that on 
which they were onlv thirty inches separated ; the profit 
on the latter being £L 12 4 6 d., whereas on the former 
it was only j£I. 1*. * 

Compare- From the ,Ild Table it is manifest that dry recent 
nvssof** horde-manure is decidedly preferable to either of the 
manure. other two » l ^ e h>ss ^ on diilla °f l^elve inches 

being considerably less than with the cow or street-dung ; 
while in drills at all the other distances, k yields by for 
the largest profit. It further results from the facts 
detailed in this Table that street-manure should not be 


used in growing potatoes where either of the others can 
be procured ; and on the whole it is rendered too clear 
to admit of any doubt in the mind of’ a practical Agri- 
culturist, that the width between tlic rows and the kind 
of manure applied are objects of the greatest importance 
in the management of this particular crop. 

From weighing the foregoing facts it might be in- On Potato 
ferred that the growing of potatoes, oven with the largest Crop*.' 
profit which appears attainable, is not ah object worthy 
of much attention. It is admitted that the profit is 
very small, but it ought to be kept in mind that, at cer- 
tain intervals, the lurid must receive a supply of manure, 
in order to compensate for the exhaustion occasioned by 
a succession of corn crops. It is equally necessary, too, 
that the soil ehall be well pulverized and completely 
cleared from all root weeds; and these opera tion** can 
be performed to advantage only when the field is sub- 
jected to a Summer-fallow, or cropped with drilled 
potatoes or turnips. Besides, in estimating on the cost 
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Agriculture. of production in the foregoing Tables we have charged 
tile crop' with tire whole cosl of manure together with the 
expense of sufficiently pulverizing the ground so as to 
warrant the expectation of at least three good crops 
without any more dung, or much outlay on the process 
of clearing. On grounds of a moderately light texture, 
potatoes area better preparation tor wheat than SUin* 
mer* f'al lowing ; and lienee whatever profit is gained by 
the green crop ought to be regarded as in some measure, 
a gratuitous addition to the fanner's capital. 


CHAPTER II. 
On Live Slock • 


Divisions of W e have already remarked that Rural Economy divides 

the Subject, itself into two great heads : first, the cultivation of the _ 0 _ ^ 

soil for vegetable productions; and. secondly, for the. <?oini>i»od wftti sufficient ’ action for "ehSier^ «iie 

- i a it.. i».i ■ .v« f n>« • 1 . .. * . 


gradually superseded all fdjtentiop to the native species Agriculture, 
of - the country. ,T he Sheflutid jviiiy, indeed, is sonic- 
times reared, as, a cur’msilyy oar for the use of children, 
but in no part of the Kingdom for the purposes of tillage. 

This ancicnt race is supposed to have bmi brought into 
Scotland from Scandinavia, when tjhe Northmen first 
gaincd ft .fcHHiug jn Ovlcdonio; ami it is precisely the ' 
smhev. breed which subsists at present in. Norway, the 
Feme* Ikcs, and jiet*iu|, being totally distbict jrtiin all 
tjie varieties, which are seen on the Coutiucni of Europe 
Southward of the. Baltic, 

< The nndn source of iinprovtmeiit^n our fitirm horses Dutch and 
may be traced to Holland and Germany, whence our German 
Agriculturists at an early period imported a brew! of* 101 *®* * 

heavy, large-boned .animals, the parents of the finest, ' 
and beat working animals we at present possess, whether 
in the South or 'North. The Suffolk Punch is perhaps Suffolk 
better, suited .than any other to the general purposes of Puuch. 
rural labour ; having a great deal of constitutional hardi- 

_ ' is*. • .? 


Ani mala for 
labour. 

The Horse. 


rearing of live stock. This last is naturally separated 
into three parts, ns it respects the objects which are / 
* kept in view in the breeding of cal tie, whether fqr la- 
bour, the butcher-market, or the da iry v According to 
the order thus suggested, therefor^, we shall arrange 
our observations on the subject^, which are usually com* 
prehended under, the title placed 'at the head of this 
Chapter. _■ ' - . / P V'. . • 

On many accounts, tliq Horse deserves to stand ft the 
head of domestic animals. Viewed q? the ass&taut of 
Man iu the labours of the field, he fs chiefly valued for 
liis strength, activity, and hardiness. Mr. Culling, whose 
Work On Live Slock is greatly esteemed, describes the 
Horse best fitted for Agricultural purposes in'the follow- 

ing terms. u His hea 

t*on of tlie animal will i 


plough or file Waggon, The colour, usually yellowish 
or sorrel, with a while-scratch or blaze pn the face ; the 
head large, eara wide, muzzle course, (ore end low ; back 
long, butyery straight; Sides flat ; shful tiers too far 
forward ; hind-quarters rather high about the hips; legs 
round and short in the pasterns ; deep-bellied and full 
in the banks, a quality which, cubbies him to retain his 
food long, and undergo without inconvenience & more 
protracted toil thqn a finer horse could eudure. 

The BlackCari-horse, so well known in most parts of Black Cart- 
England, afid of which we see the most improved va- horse, 
riety in the streets of London, is not so much esteemed ‘ 
by the farmer os by the drayman and. the waggoner. 
t t 11L . , Bt , - . He Is, .«M by no means so capable 

His head should be small as the proper- of standing a jongj dayV work as a much stn&Hcr animal 
liinal will admit ; his nostrils expanded and ofbetier blood- PihiCfcvdunA Bays area more active Cleveland 
muzzle fine ; his eyes cheerful ami prominent { his ears ami hnrdy robe, though it is alleged, they arc no longer. Bay. 
small, upright, and* placed near each other; bis neck so Carefully reared W in funner time,?. They are Said 
rising put from between hte shoulders with pn cosy to havedraWh thejr best qualities from a cross With 
tapering curve must join gracefutty to the hqqd; his. racers, and, consequently, to ' have turned on l excellent 
shoulders beiiig well thrown back, must also go into his hunters, good JtoaitWrs, and, at the same time, well 
neck, at what are called the points, imperceiyed* which- fitted for the duties of ; our Cavalry regitbepis. In the 
perhaps, facilitates the going more thbh the narrow Noriheri^CoupUe^ they jpe to be seen in ^ condition 
( ; shoulder; the arm, or fore thigh fib mild be imjspnlar, more orless improved,. on almost every farm, both as. 

* and tapering from t he shoulder, meet wit h a fi ne, straight, . plou|fh-h<*5e* and #1*> ‘w pit pired~ for the market, 

»n«wy, bony leg ; the. hoof circular, and wide afr the where they arc eagerly purchased by coachuiastai* and 
: beet; his chest deep and full jit the -girth ; his loin or travellers'. 1 ' -- • ■ 

> ‘£ 11 . 1 . .M .1 J .. .1 L I.- ... ,1 . 'LT. LI • ’ ,1 a. 



r than the Bujfolft Punc/it;\tid tftcneck is : 
MprY' %,'x^JoMr wblack; browti, pr grey, *• 


Tonies. 


his thighs strong and muscular ; his legs dean tmd fine- 5 He is 
boned ; his leg bones not round, but what is called lathy somev ^ 

ot f^ . ■ a mjarii of 

If we trace the lineage of this noble animal, we shall ► beaujyi The breast * U hjrowF j the shoulder thick ; the 
■. probably find the true 'type of bis ancestors stilt exist! ug ' ti MFbiiJy pF ay black eolbur, anil , tlie heels :. 

In the ponies of Wales, ami Scotland, The II%h1aitu feroad/, bi»t v not ^ top ’long ; 
horse is sometimes only nine, and seldom Iwetyc; hands ' the;hp^yi^i^-.Mst sot ^f^dlneh^and the space he-' 
hfgh. except in sdme parts of the Hebrides where, by^ thf ^j» jfbbrt; lha tail (leayy and well • 

ilMirtn'n Aiwl hot fiitp AmmIim# ill a oi'm kua 1 '‘.oil*' • ||[g IS tli 

steady in 

if baaiiijf od4 '«art«g we 


>th 


neat , heads, and ore extremely active end hardy. The 
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Agriculture. Coventry, and to a volume lately published in the F«r- 
mar's Series of the Library of Useful Knowledge, where 
the most accurate information is given relative to every 
thing which respects the history and treatment of the 
Comparison Horse. Confining ourselves to the use of that animal 
for Agricultural labour, we may advert to the question 
,l which has been sohiclimes started among practical men, 
whether oxen might not be beneficially substituted for 
horses in all the ordinary processes of Husbandry. In 
point of economy, then, it has been maintained that the 
, ox is decidedly preferable to the horse, for besides that 

he can be more cheaply fed, he inay, after serving a few 
. . years as a labourer, be remitted to t he stall and fed for 

the butcher. It is admitted, at the same time, that 


wherever a powerful and steady pull is required, the ox 
performs the work better that* his rival, being more 
patient and equal in his movements, and proceeding 
generally at a slower step. On this account a plough 
drawn by oxen would be selected in preference to any 
oilier by the farmer who has tough swards to tear up, 
or very rough ground to cultivate ; and for the same 
reason these animals are joked in the threshing-machine, 
whenever it is of any consequence to have a sure and 
regulated motfbn communicated to it. But, on the 
other hand, the ox is nearly useless for all other kinds 
of farm labour. He is not suited to the cart or waggon 
even on our fields, and far less on our public roads. 
Besides, he cannot be stirred to any unwonted exertion, 
however urgent may be the wants of his master ; for if 
lie pushed beyond his natural step, all his energies 
forsake him, and he either stands still or throws himself 


on the ground. In rude Ages, when only the coarser 
productions of the soil are in demand, the cultivator 
lists the animal which cost him lea*st in rearing and feed- 
ing ; but whenever the progress of civilization extends 
the variety of commodities required by the consumer, 
and gives a value to luxuries in proportion to the early 
season at which they can be obtained, he dismisses the 
slow-paced ox, and adopts in his stead the more ener- 
getic horse. This is the natural order of things as soon 
as green crops constitute an article in the regular 
course of farming. On the Continent, where oxen 
continued tp used a considerable time after they 
were generally superseded in Britain, the horse is now 
almost universally preferred. The French Agricultural 
Writers agree jvitli those of Britain, in perceiving the 
many advantages, which attend the employment of the 
latter. A more enlightened experience every day tends 
to confirm the choice ; and in the course of a few years 
the labour of the ox will be altogether ifn known, except 
in particular situations where the greater vivacity and 
swiftness of the horse might prove hazardous. We 
conclude this section by remarking that the core bestowed 
upon the keeping of the horse is always well repaid. 
The manure replaces the expense oflitter ; and his con- 
Htant aptitude for work is an ample equivalent for the 
carrots, potatoes, and grain, which constitute his best 
food. 


Of Cattle . 

There are now numerous varieties or breeds of cattle 
in Great Britain, but perhaps all of them may be traced 
more or lcs9 directly to that singular one which is still 
preserved as a curiosity in the parks of several Noble- 
men, morfe especially Lord Tankerville and the Duke of 
Wild cattle. jl am il t on. It is usually distinguished as the wild, or 
VOL. VI. 


original breed, and has been described by Mr. C'ullcy in Agriculture 

the Work already mentioned. Their colour, says he, is 

invariably of a creamy while ; muzzle black ; the whole 

of the inside of the ear, and alxrnt one-third of the mil - 

side from the tips downward red ; horns white with 

black tips, very '/me, and bent upwards ; some of the 

bulls have a thin, upright mane, about an inch and a half 

or two inches long. The weight of the oxen is from thirty- 

five to forty-five stone, and of the cows from twenty- 

five to thirty-five stone, the four quarters, fourteen pounds 

to the stone. At the first appearance of any person 

they set off in full gallop, and at the ;distancc of about 

two hundred yards make awheel round and come boldly 

up again, tossing their heads in a menacing manner. 

On a sudden they make a full stop at the distance of 
forty or filly yards, looking wildly at the object of their , 

surprise; but upon the least motion lxing made they all 
turn round and fly off* with equal speed, but not to 
the same distance, forming a shorter circle, and again 
returning with a bolder and more threatening aspect 
than before. This time they approach much nearer, 
probably within thirty yards, when they again make 
another stand, and again fiy oif. They repeat this 
movement several times, shortening their distance, and 
advancing nearer and nearer till they conic within such 
a short distance that most persons think it prudent to 
leave them, not choosing to provoke them further. 

The mode of killing them was perhaps the only Much* of 
modern remain* of the grandeur of ancient hunting, killing 
On notice being given that a wiki bull would be killed 
on a certain day, the inhabitants of the neigh bouihnod 
came mounted and armed with guns sometimes to the 
number of one hundred horse and four or five hundred 
foot, who stood upon walls or got into trees, while the 
horseman rode off the bull from the re^t of the herd, 
until he stood at buy, when a mailman dismounted and 
fired. At some of these huntings thirt j or forty muskets 
ha\e been discharged before be was subdued. On such 
occasions the bleeding victims grew despoiatelv furious 
from the smarting of his wounds and the shouts of 
savage joy that were echoing from every side. But front 
the number of accidents that happened, this dangerous 
mode has been little practised of late Nears ; the park- 
keeper alone generally killing them with a rilled gun at 
one shot. 

‘When the cows calve they hide their young for n week H of 
or ten days in some sequestered situations, whither 
they go to suckle them two or three limes a day. If' 4 "’ 
the calves are approached L>) any person, they clap 
their heads close to the ground, and lie like a hare in 
form to conceal themselves. This is a decided proof of 
their native wildness ; and if they are actually disturbed, 
they attack the assailant with the utmost fur pawing 
and bellowing like an incensed bull. It is remarkable, 
too, that when any one of the herd happens to be 
wounded, or has grown weak and feeble through age or 
sickness, the rest set upon it and gore it to death. 

The Devonshire breed is said to be directly descended 
from this race, of which the best specimen is seen at tliil- ll< ‘ 
linghani Park in Northumberland. The resemblance in 
in some points is very striking ; but the animals are of a 
light red colour and rather small in size. The Here fold 
and Sussex cattle are nearly of the same colour, and in ftlV 
other respects possess similar properties, but are ih\ iiU'dly 
better milkers. The Dutch,or short-horned description, Dutch, 
which are much esteemed in the Eastern Countie**, NicUl 
a large quantity of rich milk and butter, /alien readily. 
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Agriculture, though they are on the whole of a delicate constitution. 

The Lancashire breed is distinguished by long horns* 
Lancashire, thick hides, long dose hair, coarse necks, and large 
hoofs; they are of various colours, but generally have 
a white streak along the back, and though they are not 
remarkably productive, they enjoy a hardy constitution. 
Uitchley. The celebrated Ditchley breed is an improved variety of 
the Lancashire, being smaller and cleaner boned ; they 
fatten well, but are not very highly valued by the dairy- 
man as milkers. 

Besides the varieties now mentioned, there is the 
polled or hornless kind, the most esteemed of which are 
Galloway, found in Galloway , a district in the South-West of Scot- 
land. The true Galloway bullock is straight and broad 
on the back, and nearly level from the head to the 
rump ; broad at the loins, not however with hooked 
bones or projecting knobs ; so that when viewed from 
above the whole body appears beautifully rounded like 
tht* longitudinal section of a roller. He is long in the quar- 
ters, deep in the chest, short in the leg, and moderately 
fine in the bone. The prevailing colour is black or dark- 
brindled. Like the Devonshire ox, he is rather under- 
sized ; though when well fed he has been known to 
weigh about a hundred stone. 

< toss of the Vv. Coventry alleges that it is not more than seventy 
Galloway, or eighty years since the Galloways were all horned, 
and very much the same in external appearance nnd 
character with the breed of black cattle which prevailed 
over the West of Scotland at that period, and which 
still abound in perfection, the large-sized ones in Argyle- 
shire, and the smaller in the Isle of Skye. The Gal- 
loway cattle at the time alluded to were coupled with 
some hornless bulls, of a sort which do not now seem 
to be accurately known, but which were then brought 
from Cumberland ; the effects of which crossing were 
thought to be the goderal loss of horns in the former, 
and the enlargement of their size ; the continuance of 
a hornless sort being kept up by selecting only such for 
breeding, or perhaps by other means, or by the practice 
of eradicating with the knife the horns in their very 
young state*. 

Suffolk The Suffolk duns arc, according to Mr. Culley, nnthing 
* iun,< more than a variety of the breed now described, and 

Ayrshire, differing only in colour. The Ayrshire cow is a valuable 

animal, as the milk it affords, although not very abun- 
dant, is uncommonly rich, and is given with very little 
interruption throughout the whole year. The Highland 
Kylocs. Kylocs, as they are sometimes denominated, are in great 
request in the Southern Counties, on account of the 
delicate nature of their flesh. This is supposed to be a 
Norlands, different breed from the Norlands , or such as are reared 
in the remote districts of Ross, Sutherland, and Cuith- 
Orkney ami uess. The Islands of Orkney and Shetland produce a 
Shetland, very diminutiv e species of cattle, some of them not weigh- 
ing more than two hundred pounds ; but they feed well, 
and when brought to good condition in the meadows of 
the South, they bring in the market a remunerating 
Welsh. price. Of IPeUh cattle there seems to be two distinct 
kinds. The large sort tire of a brown colour, with some 
white on the rump and shoulders, denoting a cross from 
the long hornSy though in shape bearing no resemblance 
to them. They are long in the legs, stand high in pro- 
portion to their weight, are thin in the thigh, and rather 
narrow in the chine ; their horns are white and turned 
upwards ; they are light in flesh, and, next to the 
Devons, well-formed for the yoke, have very good 
hoofs, and walk lightly and nimbly. The other sort arc 


much more valuable ; colour black, 'with very little Agriculture. 
White ; of a good useful form, short in the leg, with 
round, deep bodies ; (lie hide is rather thin, with short 
hair ; they have a lively look and a good eye ; and the 
bones, though not very small, are neither large nor 
clumsy ; and the cows are considered good milkers. 

From a reference to the statements just made, it ap- Choice for 
pears manifest that the improvement of the lower ani- breeding. 
maU in form and value depends very much on the care 
of the breeder. In rearing live stock of all descriptions, 
it ought to be an invariable rule to select for parents such 
as are small -boned, straight-backed, smooth-skinned, 
and round-bodied, with clean necks, small heads, and 
little or no dewlap. Those, too, which are of a quiot 
and docile manner ought to be preferred, as they gene- 
rally require less food,«and are more easily fattened. Nor 
should the stock-fanner overlook the valuable quality of 
becoming early mature; a point in which the different 
breeds of cattle vary to a considerable extent. In the 
management of cows which are kept for breeding it 
is to be observed, that about a month or six weeks pre- 
viously to the time of calving, they ought to be abun- 
dantly supplied with the richest kind of food ; for it is 
found that by this treatment, a larger Quantity of milk 
is obtained than when they are fully fed for a longer 
period. 

Mr. Marshall informs us that the method pursued for Rearing, 
rearing calves in the Midland Counties is this : they an* 
allowed tosuck for a week or :i fortnight according to their 
strength ; they then have new milk in the pail for a lew 
meals ; next new milk and skim-milk mixed, a few meals 
more; then skim-milk alone, or porridge made with milk, 
water, nnd ground oats, and sometimes oil-cake until 
ehcese-making commences; after which, whey* porridge, 
or sweet whey in the field ; being careful to house them 
in the night until warm weather be confirmed. The 
treatment of young cattle from the time they are sepa- 
rated from their dams, or are able to subsist on the 
common food of the other stock, must depend upon 
the circumstances of the farm on which they are reared. 

In Summer their pasture is often coarse but abundant ; 
and in Winter all good breeders give them an allow- 
ance of succulent matter together with straw or hay. 

Speaking of the short-homed variety, Mr. Culley re- 
marks, that the first Winter they have hay and turnips ; 
the following Summer coarse pasture ; t^e second Winter 
straw in the fold-yard, and a few turnips once a day in 
an adjoining field, just sufficient to prevent the straw 
firom binding them too much ; the next Summer tolera- 
bly good pasture ; and the third Winter as many turnips 
as they can eat, and in every respect treated as fatting 
cattle. 

The farmer who feeds for the butcher-market has For the 
three separate methods to pursue; all of which will kutchen 
answer his purpose in certain circumstances, and his 
choice must be determined by the nature of his land, 
as well as l>y the main object which he had *in view when 
he rented it. Live stock may be fattened on pasture 
ground, by soiling hi proper yards or sheds, where they 
are supplied with abundance of green food ; or lastly in 
the stall, where they are furnished with turnips, cab- 
bages, and other succulent vegetables, combined with 
various descriptions of dry meat. The practice of pas- 
turing cattle is the most natural and the most simple; 
and the owner can hardly go wrong, if he provide the 
animals with pure water and a sufficient shelter during 
the heats of Summer. Soiling is regarded by most 
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Agrieattare. feeders as preferable to the other; even taken by itself, 
and more especially if connected with the general pur- 
poses of husbandry, the improvement of the fields, and 
the increase of corn produce. By this mode, too, the 
beasts are better protected both from insects and the 
weather ; the food )9 consumed with less waste ; and 
when the yards ore suitably furnished with litter, a large 
supply of excellent manure is obtained. In this case, 
* as in all others, due attention must be paid to the supply 
and quality of the water, as nothing contributes more to 
the health of young stock. The approach of Winter 
usually suggests the expediency of stall-feeding, as 
both warmth and cleanliness are essential to the accom- 
plishment of this object. Besides, the cattle are kept more 
quiet and free from interruption, and are found in such 
circumstances to take in flesh inyre quickly. TheTood 
employed for this purpose consists of turnips, potatoes, 
carrots, cabbages, oil-cake, oats, barley-meal, beans, with 
different kinds of straw, cut small by means of machinery. 
The moist and dry food should be given in such pro- 
portions as to prevent any injurious effect on the diges- 
tive organs. 

DuftiriiTatik. It 1ms been remarked, that notwithstanding the high 
perfection to wJnch certain breeds of cattle have been 
brought in Britain, and the great attention paid to 
every part of their management, several interesting 
points, which should be taken into calculation, remain 
still to be determined. Our knowledge, for example, 
is very incomplete in regard to the precise degree of 
nutriment afforded by different kinds of herbage and 
roots ; the quantity of food consumed by the different 
breeds in proportion to the lime of fattening and increase 
of weight; and the advantage of selecting the large or 
smaller varieties in any given circumstances of climate 
and produce. There is, no doubt, in every district a 
certain practical feeling which directs die stock-farmer 
in the choice of his cattle, and in the adaptation of 
means to the end, which he has in view ; but, it is true, 
at the same time, that no successful attempt has been 
made to reduce such maxims to general principles, or to 
render the experience of one available to all. 

Of Sheep. 

Next to cattle. Sheep in many parts of the Country 
are esteemed a valuable stock, the whole income of the 
farmer being drived from their milk, wool, and flesh. 

Different The numerous breeds of this animal are usually arranged 

breeds. into two classes : those which yield the short wool, and 
those which yield the long, or, as it is frequently de- 
scribed, the combing wool. To these, some writers 
have added the mountain breed ; but so far us the wool 
is regarded as & characteristic, there is no room for this 
. distinction. The first of these classes, however, in- 
cluding the one just stated, comprehends the varieties 
which are reared in the hilly districts of Wales, the 
North of England, and the Highlands of Scotland ; the 
second embraces those which appear in Hereford, Dor- 
set, Sussex, Norfolk, and some other places ; and the 
last, or long-woolled, include the varieties which occupy 
the richer and more fertile vales of the Kingdom, and 
are known ae natives of Leicestershire, Lincolnshire, 
and the banks of the Tecs. 

Mountain. The mountain sheep are distinguished by having 
black faces and legs, as well as large spiral horns. They 
are a very hardy race, and afford a delicate, well-flavoured 
mutton, though their wool is coarse and shaggy. The 


Cheviot breed, which likewise thongs l„ .lass, has Agriculture 
no horns ; the face and legs arc cummonU \%hiU\ and \^—- 
the eyes have a lively expression. The wool i n ' q lls Cheviot, 
case is better than either the Welsh nr Highland 
and the animal is remarked as a good feeder, thuu{» h 
the meat is not so highly valued in the market. 

The second class, or Hertfordshire , arc comparatively Uirrfuid- 
small, have no horns, white legs and faces, and exhibit i,uro - 
a fine short wool. They are also known by the name 
of Ryelands. It has been observed of this description Kyi-Uiids, 
of stock, that they can subsist on less food than any 
other, ami are remarkable for abstinence, and even lor the 
endurance of hunger. The South Downs are also dis- South 
tinguished for the shortness and fineness of their wool, 
as well as by having grey faces ami legs, small long 
necks, and affording a fine-grained, delicious mutton. ( 

This breed prevails in the dry, chalky grounds of Sussex. 

The Norfolk breed have a great resemblance to the Nuifblk. 
Welsh or Scotch ; having a black face, large spiral 
horns, short wool, and affording- weil-flavouivd meat 

Tile loug-woollcd sheep are familiarly known bv the 
names of Lincolnshire , or Old Leicester, and are distiu- Old Lei 
gnished by the want of horns, by their white faces, long, tester 
thin, and weak bodies, large bones, coarse mutton, and 
by having wool from ten to eighteen inches in length. 

This breed thrives only in the richest pastures, and is 
chiefly valuable on account of its wool. But it is from 
them that the New Leicester, or Ditehley breed is dt- New Lei- 
scended ; a name derived from the place at which it was costi r. 
so much improved by the care and skill of the cele- Bitd.ley. 
brated Mr. Bakewel). These animals attract attention 
by their. lively eyes, fine heads, straight backs, barrel- 
shaped bodies, small bones, and u disposition to fatten 
at an early age. The weight of the quarter in ewes of 
three or four years old, is from eighteen to twenty-six 
pounds ; in two years old wethers, from twenty to 
thirty pounds ; and the length of wool varies from six 
to fourteen inches. 

The main excellence of this breed consists in their 
fattening more speedily, and on a smaller quantity ot 
food, than any other; in their having a larger proportion 
of meat on an equal weight of bone ; in the superiority 
of the meat itself both as to texture and flavour ; in 
their valuable wool ; in being ready for the market early 
in Spring; and in bringing, of consequence, a larger 
profit to the farmer. The Tecswater variety have longer Tecsvater 
legs, finer bones, and a thicker and firmer carcass than 
the Lincolnshire ; the mutton is better and finer grained, 
and the wool is shorter and less heavy. This is the 
largest breed in the Island, and is the most common in 
the rich meadows bordering on the river whence it de- 
rives its name. But, unfortunately, it seems to be calcu- 
lated only for warm, well- sheltered pastures, 'and cannot 
therefore be transferred to the Cheviot range, or the still 
more exposed mountains of the Highlands, whore its 
value would be duly appreciated. Besides, it requires 
to be led abundantly in severe Winters » an attention 
which could not be conferred upon it in a hilly country, 
or in the extensive sheep-walks of Wales or Argyle. . 

There is also a variety, which bears among breed? 
ers Use designation of the Romney-marsh, and which 
possesses many good properties. It has no horns ; the 
face and legs are white ; the body rather long, but 
well-shaped, and the bones somewhat large. The 
wool, however, is excellent, having a considerable length, 
and a beautiful colour. Like the Tecswater breed, 
il requires rich pasture, and a greater degree oi care 
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Agric.iltbre. than can be bestowed by the ^stock-farmer cm upland 

s — grounds. 

I Liu] wick. The Hardwick sheep arc peculiar to that rocky dis- 

trict whence flow the Duddon and the Esk, in the 
County of Cumberland. They are without horns, have 
speckled faces and legs, short wool, which, though not 
by any means fine, is greatly superior to that produced 
by the heath or mountain sheep, properly so called. 

Dun-faced. The Dun-faced breed seems to have been imported 
into Scotland from Norway or Denmaik at a very early 
period, and is still found in most of the Counties beyond 
the river Forth, though not in large numbers. Ot this 
ancient race there are now several varieties produced, 
as usual, by peculiarities of situation and different modes 

Shetland, of management. In Shetland, it would appear, there 
arc two varieties of the sheep, one of which is considered 
aboriginal, und bears very fine wool ; but the* number 
of these is much diminished, and in some places (hey 
haw been entirely supplanted by foreigners. The 
other variety carries coarse wool above, and fine, sod 
wool below. They are said, moreover, to ha\e three 
different successions of wool yearly, two of which have a 
greater resemblance to long hair, and ure termed by the 
common people furs aud scudda. When the wool begins 
to loosen in the roots, which generally happens about 
the month of February, the hairs or scudda spring up ; 
and when the wool is carefully plucked off, the tough 
hairs continue fast until the new wool grows up about a 
quarter of an inch in length, when they gradually wear 
off; and when the new fleece has acquired about two 
months* growth, the rough flairs, termed fors t spring up 
and keep root until the proper season for pulling them 
arrives, when they are plucked off together with the wool, 
and separated from it at dressing the fleece by an operation 
culled fining. The scudda remains upon the skin of 
the animal, as if it w«*»e a thick coat; a fence against 
the inclemency of the seasons which provident Nature 
has furnished for supplying the want of the fleece in a 
high anti stormy latitude. The wool is of various co- 
lours ; the silver grey is thought to be the finest; but 
the black, the white, and the brown arc very little inferior ; 
though the pure white is certainly the most valuable tor 
all the finer purposes in which combing wool can be 
used. 

Mer'mo. Our catalogue would be incomplete did we not men- 
tion the Merino , which, though not a native of Bri- 
tain, has already acquired considerable importance. 
This sheep was brought into England in 178S, but 
did not excite much interest till the year 1804, when 
George III. begun his sales. The patriotic object con- 
templated by His Majesty* of spreading them widely 
over the Country and subjecting them to the experiments 
of the most eminent professional breeders, has been in 
a great measure accomplished by the institution of the 
Merino Society , which includes among its Members 
some of the greatest landholders in the Kingdom. For 
some years past, however, this breed, notwithstanding all 
the care bestowed upon it, is acknowledged to have been 
on the decline ; and we may add, that it has succeeded 
best in those cases where it was judiciously crossed with a 
native variety, without any attempt to preserve it pure. 

Merino Every one knows that the Merino is chiefly valued 

fleeces. for uncommonly fine fleece, which upon the average 
weighs from three to five pounds. In colour it is unlike 
that of any English breed. There is in the surface of 
the best Spanish fleeces, a dark-brown tinge approaching 
to black, which Is occasioned by dust adhering to the 


greasy properties of its pile ; and the contrast between Agriculture* 
litis tinge aud the rich white colour below, as well as 
that rosy hue of the skin which denotes high proof, ex- 
cites, at first sight, no little surprise. The harder the 
fleece is, or, in other words, the greater resistance it 
makes to the pressure of the hand, the finer is the wool 
esteemed ; here and there, indeed, a fine pile may be 
found in an open fleece, though this occurs but rarely. 

Nothing, however, tends to render it more unsightly to 
the English eye than the large tuft of wool which covers 
the head : it is of very inferior quality, and is ranked 
with what is produced on the hind legs ; on which ac- 
count it does not sort with any of the three classes ; viz . 
the rafinos , or prime ; fnos , or second best ; and tho 
terccros , or third, and of course is never exported from 
Spaifl. # 

Among the Merinos, the male has horns, the female Carcasses- 
none, or very rarely; the faces and legs are white, 
and the bones fine. The average weight per quarter 
of a tolerably fat ram is about seventeen pounds, and 
that of a ewe about eleven pounds. The shape, if we 
take the ideas of English breeders for a standard, is far 
from perfect. The pendulous skin beneath the throat, 
which is usually accompanied with a sinking or hollow- 
ness in the neck, is accounted a deformity here, though 
in Spain it is much esteemed, as deuotiug both fine 
wool and a heavy fleece. Yet the Spanish sheep, gene- 
rally speaking, are level on the back and behind the 
shoulders ; and Lord Somerville has pro\ed that there 
i n no reason whatever for connecting the peculiarity of 
form just mentioned with the amount or quality of wool. 

We cannot enter upon the extensive subject of breed- 
ing, considered in a professional point of view ; holding Work* mi 
il enough to refer such readers as are desirous of full bleeding, 
and accurate informatioioto tluj Treatise* of Dr, Parry, 

Sebright, Culley, Sir John Sinclair, Mr. Johnston, the 
General Report of Scotland , the Work of Mr. Bake well ; 

Marshall’s Rural Economy; the Farmers Calendar; 
Communications to the Board of Agriculture; the Middle- 
sex Report ; and to a variety of able Essays in the Quar- 
terly Journal of Agriculture. We shall, notwithstanding, Evperi- 
quote from the last of these publications a notice relative «» 
to a 11 method of obtaining a greater numbed of one sex the different 
tit the option of the proprietor, in the breeding of live * wt0> ’ 
stock.” The Essay, at length, is to be found in the 
Arm ales de V Agriculture Vran^aue, and is worthy of 
attention, as containing the details of sfime interesting 
experiments made with the view just stated. M. (Broil 
proposed, at a meeting of the Agricultural Society of Si*- 
verac , on the 3d of July, 18:26, to divide a flock of sheep 
into two equal parts, so that a greater number of males 
or females, at the choice of (he proprietor, should be pro- 
duced from each of them. Two of the Members of the 
Society offered their flocks to become the subject of his 
experiments, and the results communicated were, to 
some extent, in accordance with the author's expectations. 

The find experiment was conducted in the following 
manner. He recommended very young rams to be put 
to the flock of ewes from which the proprietor wished 
the greater iftimber of females in their offspring ; am! 
also that during the season when the rams were with 
the ewes they should have more abnudant pasture than 
the other; while to the flock from which the owner 
wished to obtain male lambs chiefly, he recommended to 
put strong and vigorous rams, four or five years old. 

The following Tabular view contains the result of this 
experiment. 



AGRICULTURE 


69 


Agriculture. 


Flock for Female Lambs . 

Flock for Mala Lambs. 

Age of the Mothers. . 

Sex of tho Lambs. 

Age of the Mothers. 

Sex of the Lambs. 

Two years 

Three years 

Four years. 

Total. . 
F we years and older 

Total. . 

Males. Females. 
14 26 

16 29 

5 21 

35 76 

lfi 8 

53 84 

Two years 

Three years 

Four years 

Total. . 
Five years and older 

Total. . 

i 

Males. Females 

7 3 

15 14 

33 14 

55 31 

25 24 

it) 55 

N. B. There wore three twin births in this 
flock. Two rarr.s served it, the one fifteen 
months, the other nearly two years old. 

N. B. There were no twin births in this 
flock. Two strong rams, one four, the other 
five years old, served it. 

! 


The second experiment is thus related by the author. 
M During the Summer of 1926, M. Cournejouls kept 
upon a very dry pasture, belonging to the village' of 
Be/,, a flock of*106 ewes, of which S4 belonged to him- 
self, and 2 2 to his shepherds. Towards the end of Oc- 
tober, lie divided his flock into two sections of 42 heads 
each, the one composed of the strongest ewes, from four 
to five years old ; the other of the weakest beasts, under 
four or live years old. The first was destined to produce 
a greater number of females than the second. After it 
was marked with pitch in my presence, it was taken to 
much better pasture behind Panou^e, where it was deli- 
vered to four male lambs, about six months old, and of 
good promise. The* second remained upon the pasture 
of Be/, and was served by two strong rains, more than 
three years old. The ewes belonging to the shepherds, 
which 1 shall consider as forming a third section, and 
which are, in general, stronger and better fed than 
those of the master, were mixed witli those of the second 
Hock. The result ivas that the 

Males. Females. 


First section gave 1 & 20 

The second 26 14 

The third 10 12 

In the first section there were two twin 

births 0 4 

In the&ecoifd and third there were also 

two 3 1 


Apparent Besides these very decisive experiments, M. Giron 
general law. relates some others made with horses and cattle, in 
which also his success in producing a greater number of 
the one sex than of the other appears. The general law, 
so far as we are able to detect it, seems to be, that when 
a animals are in good condition, plentifully supplied with 
food, and kept from breeding as fast as they might do, they 
arc most likely to produce females. Or, in other words, 
when a race of animals is in circumstances favourable to 
its increase. Nature produces the greatest number of that 
sex which, in animals that do not pair, is most efficient 
for increasing their numbers. But if thety are in a bad 
climate, or on stinted pasture, or if they have already 
given birth to a numerous offspring, then Nature pro- 
duces more males than females. Yet perhaps it may 
be premature to deduce any general law from' experi- 
ments which have not yet been sufficienly extended. 

Among the live stock produced on farms we must not 
Swine. omit Swine, of which there are numerous varieties reared 


in Great Britain. The Berkshire breed is of a reddish Berkshire, 
colour, witli short legs, large ears, and a thick, compact, 
well-formed liodv ; is readily disposed to fatten, and 
grows to a large size ; but the supply of food must be 
constant and abundant. The Chinese or black breed is Chinese, 
of small size, short legs, and of a good make ; is con- 
sidered one of the most profitable in the country ; the 
flesh is delicate, and it fattens freely even on indifferent 
foot!. The Gloucestershire variety is white, and of a Gloucester- 
large size, the form not symmetrical, and in other re- sh,re * 
spccts not highly esteemed among feeders. The Hump - Hampshire. 
shire breed is also white, attains a large bulk, and fattens 
readily. The Northamptonshire is remarkable for the Northnmp- 
enormous length of its cars, is of great size, but does toushire. 
not fatten easily. The lUidgnvick breed takes its Rudgcwick* 
name from a village situated on the confines of 
Surrey and Sussex ; it is a valuable variety because it 
not only grows well, but also fattens at small expense. 

The fVoburn hreed was introduced by the late Duke of Woburn. 
Bedford ; it is usually spotted, though the colour is 
various ; the size is large, and it fattens so well that it 
attains nearly twice the w eight of other hogs in the same 
space of time. The Highland or Irish variety is de- Highland 
scribed as an inferior, animal being small and ill-shaped, orlridi. 
and, at the same time, difficult to fatten, or otherwise to 
improve in its marketable value. 

It is worthy of notice that Mr. Colley mentions only 
three breeds of Swine, the Berkshire, the Chinese, and 
the Highland or Irish ; while other writers have found 
a distinct breed in almost every County of Englaud. In 
addition to those already described, there is the Susstx Sussex, 
pig, which is distinguished by being black and white, 
but not spotted ; it grows to the weight of eighteen or 
twenty stone. To these we may add the Cheshire , the Cheshire. 
Suffolk, and the Shropshire. In Scotland little pro- Suffolk, 
gress has hitherto been made in the improvement of 
this stock, if we except the Counties of Dumfries and ^ 
Galloway. The prevailing breed is of a white colour : they 
have light carcasses with bristles standing up from nose 
to tail, long legs, and are very slow feeders at any age. 

In the Hebrides , the breed, supposed by Dr. \\ alkcr to Hebridean. 

be the aboriginal, is of the smallest size, neither while 

nor yellow, but of a uniformly grey colour, and shaggy, 

with long hair and bristles. They graze oil the hills 

like sheep ; their sole food is herbage and roots, on 

which they live the whole year round, without shelter, 

and without receiving any other sustenance. In Autumn, 
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Agnc _ure. when they are in the best order, their meat is excellent, denote whether there be any obstruction ; itrwhich case Agriculture, 
and obtained without any artificial feeding ; but when fomentations, together with gentle friction, ought to be 
driven to the low country they fatten readily, and grow used, until the tlow of milk be restored. In Summer, 
to a considerable size. cows ought to be milked at three equal intervals in the 

Profits of ^ Notwithstanding the extent to which Swine are reared, course of twenty-four hours ; by which means the quan- . 
bwme. it still remains a disputed point among Agriculturists tity is increased without deteriorating its essential pro- 
whether the breeding and fattening of that species of perties of richness and flavour. The depth of the vessels 
stock, beyond the mfcrc offal of the farm, has ever been into which the milk is poured, should not exceed three 
rendered a remunerating branch of rural economy. On inches; and should any peculiarity of taste he occasioned 
every establishment there is a great deal of stuff, roots, by the nature of the food, it may be removed by boiling 
herbage, and waste corn, which would otherwise be lost; two ounces of nitre In a quart of water, and plunging 
and hence it is manifest that, so far as the use of these about a teacup-full of the mixture idto a pail of the warm 
articles is concerned, the pig must be a profitable milk. Those who are particular in the manufacture of 
animal. But it is, nevertheless, very doubtful whether, butter and cheese, keep thcinilk of every cow separately, 
on fertile lands, any portiou of the crop could be so ap- so as |o discriminate their respective qualities, and avoid 
plied as to place the breeding of Swine on the same all improper combinations. With the same view care is 
footing, as to revenue and other advantages, as that of taken that the cattle shall not be hastily driven from the 
cattle and sheep. It has been calculated that, with pro- field to the dairy, and that the milk shall not be much 
per management, on a farm of three hundred acres, of agitated or shaken in the pails after it is drawn ; for in 
which two hundred are kept in tillage, an annual profit either case the liquid acquires a tendency to acidity 
to the amount of *Cl00 might be secured by rearing which soon renders itself perceptible in the finer kinds 
pigs ; though it is admitted by the same author that, as of butter. 

soon as this stock exceeds the quantity of superfluous Of late years the resources of mechanical invention Churning, 
produce on which it is usually maintained, it ceases to have been applied to lighten the l&botirfaml facilitate 
be in any respect beneficial. The reader will find many the object of churning. It has been found, however, 
useful observations on this branch of the subject in that the chief secret in the management of this process, 

Culley's Work already mentioned; the Complete Grazier ; whatever be the form of the apparatus employed, is to 
Henderson on Swine ; the Farmers Magazine; and the continue the agitation with the same regular, uniform. 

General Report of Scotland. uninterrupted motion from the beginning to the end ; 

it • because it is suspected that a too rapid or unequal mol ioii 

Vn thc Hairy. communicates to the butter a bad flavour in Summer, 

V\ e remarked at the commencement of this division while, in Winter, it endangers the success of the ojh*- 
ihat live-stock arc raised not only for their flesh and ration altogether. A tablc-spoon-ful of distilled vine- 
labour, but also for their milk. In some parts of the gar, added to thc cream after it has been a considerable 
country a large proportion of land is devoted to this time moved, has occasionally proved beneficial in sepa- 
object, and the rents of the farmer, as well as thc rating the butter, after other means had appeared to fail, 
affluence of the proprietor, are derived from the manu- A few years ago some interesting experiments were Bxj.eri- 
facture of milk in its various forms of butter and cheese, made by Dr. Barclay, a well known Physiologist, and mints on 
House, It is recommended by practical persons that the building another professional gentleman at Edinburgh, with the 

meant tor the several processes of the dairy should be view of ascertaining thc temperature at which butler turc ‘ 
erected in a cool situation, and protected from the direct can be best procured from cream. The results were 
approach of the solar rays, and even of a current of air communicated to the Journal of Agriculture , from 
varying much in temperature. The utmost cleanliness, which we abridge the following particulars. In thc 
too, is altogether indispensable. The house should be first experiment fifteen gallons of cream were put 
paved with stone or brick, having a gentle inclination into the churn at the temperature of 50° Kahrrn- 
ho as to be readily dried, and the floor should be washed licit ; the weight per gallon having been previously 
every day during Summer. To preserve the air) cool, ascertained to be eight pounds four ounces. By agi- 
or at least ot an equal temperature, it has been thonght tatrng the cream in the usual manner for the space of 
advisable to admit a small stream of water into the two hours the temperature rose to 56°; at the end of 
apartments, or even to be poured like a cascade from the churning, being four hours from the commencement 
amlutea- *he ce *hng. The utensils, which are commonly of wood, of the operation, the temperature was found to be 60°, 
sib. ought to be cleansed with thc greatest cure; or if or 10° higher than at the beginning. The quantity of 
metallic, or glazed earthen vessels be substituted, they butter obtained in this process was twenty-nine pounds 
should be daily plunged into hot water, scoured with and a half avoirdupois, or nearly two pounds of butter 
salt, ami well dried before they arc filled with milk, for every gallon* of cream yiut into the churn. The 
Cast-iron dishes, enamelled or fluted with tin, have been butter appeared to be of the very best quality, being 
lately introduced into some dairies, and are found to firm, and rich and pleasant to the taste. A gallon of 
answer well, both on account of their cleanliness and the churned milk being carefully weighed, gave eight 
durability. pounds nine ounces, being an increase in weight of 

Care in ft is known to every One that the quality of milk is eight ounces per gallon above that of the cream used in 
milking. much affected by the nature of the food on which thc this experiment. 

animal is fed ; but it is not ho generally understood that In the second experiment, fifteen gallons of cream 
thc quantity depends a good deal on the mode of milk- were put into the chum at the temperature of 55°, the 
ing. If any difficulty occur in conducting this operation weight per gallon beiug eight pounds two ounces. ’ By 
the cow should never be treated harshly, as it more fre- agitating the cream as formerly, for one hour and a half, 
quently proceeds from pain than from obstinacy of the temperature rose to 60°: at the end of the churning 
temper. The hardness of the udder will in general being three hours and fifteen minutes from the begin- 
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Agriculture ning of the operation, Ihe temperature had increased to 
v 65°. The quantity of butter was twenty-nine pounds 

four ounces, and not sensibly inferior to that obtained 
in the Aral process. 

A third experiment was performed, in which the same 
quantity of cream was put into the churn, at the tem- 
perature | of 58°, the weight per gallon being eight 
pounds two ounces. At the end of one hour’s churn- 
ing the tempeiuture had 'risen to 63° ; and at the end 
of the process, which lasted three hours, the tempera r 
_t|ire was found to be 87°. The quantity of butter ob- 
tained by this experiment was twenty-eight pounds, and 
in quality -it seemed to be rather inferior to that produced 
in the two former, being rather soft and spongy. 

The fourth experiment was performed on the same 
quantity of cream, the temper|ture being G0 a , shut the 
weight per gallon eight pounds one ounce. During the 
process of churning the temperature increased as for- 
merly ; and at the end of three hours, when the opera- 
tion was finished, it was ascertained to have risen to 
• 68°. The quantity of butter was twenty-seven pounds, 
of a quality much the same as that produced in the third 
experiment, but decidedly inferior to that of the first 
and secoud. #A gallon of the churned milk weighed 
eight pounds eight ounces. 

In the fifth experiment, fifteen gallons of cream were 
used as before, at the temperature of 66 3 , and the weight 
per gallon eight pounds. The churning occupied two 
hours and a half ; at the end of which space the temper- 
ature was found to have risen to 75°, being an increase 
of 9°. The quantity of butter was twenty-five pounds 
eight ounces, of a quality sensibly inferior to that pro- 
duced in any of the former experiments ; being of a 
less promising appearance, a soft and spongy con- 
sistence, and not so pleasant to the taste. The weight of a 
gallon of the churned milk waaeight pounds seven ounces. 
Results. From these experiments it appears that cre&tn should 

not be kept at a high temperature in the process of 
churning. In the first experiment, where the tempera- 
ture was lowest, the quantity of butter obtained was in 
the greatest proportion to the quantity of cream used ; 
and as the temperature was raised, the proportional 
quantity of butter diminished ; while in the last experi- 
ment, where the mean temperature of the cream had 
been raised to 70°, not only was the quantity of butter 
diminished, but in quality it was found to be very in- 
ferior, both wAth regard to taste and appearance. That 
the lowest possible temperature should be sought in 
churning, appears likewise fmm another result of the 
above experiments ; namely, that the specific gravity of 
the churned milk was found to diminish us the tempera- 
ture of the cream had increased ; thus showing that at 
the lower temperatures, the butler which is composed of 
the lighter parts of the cream, is more completely col- 
lected than at the higher temperatures, in 'which the 
churned milk is of greater specific gravity. In general, 
it was inferred, that the most proper temperature at 
which to commence the operation of churning is from 
50° to 53° ; and that at no stage of the operation ought 
it lo exceed 65°: while, on {he contrary,* if at any time 
the cream should be under 50° in temperature, the labour 
will be much increased without any proportionate ad- 
vantage being obtained ; and a temperature of a higher 
rate than 05° will be injurious as wcll s to the quality 
as to the quantity of the butter. 

BtiUi-r for Butter is usually preserved for future purposes by 
keeping. means of common salt. The following preparation is 


an excellent substitute, and imparts a richer aiul sweeter Agriculture, 
taste. Two parts of good sea salt, one part nf loaf v » 
sugar, and one of saltpetre, are pounded and mixed to- 
gether. One ounce of this mixture is incorjjoratcd with 
every pound of butter, which is then closed up in a proper 
vessel, and at the end of two or three weeks it is fit tor 
the table. When thus prepared, it has been known to 
retain its sweetness several years. 

lu Holland the method of making butter is to allow Dutch but- 
the milk, after it is drawn from the cow, to become com- ler making, 
pletely cool before it is put into the pans or cream 
dishes ; to prevent the cream from separating from the 
milk by stirring it two or three times a day with a 
wooden spoon, and when it is sufficiently thick to churn 
it for an hour. When the butter begins to form, a quan- 
tity of cold water is poured in for the purpose of sepa- 
rating the butter from the milk ; and when the funner 
is taken out, it is washed and kneaded till the last water 
comes off pure. It is said that milk manager! in this 
way yields a larger proportion of butter than by the 
ordinary method practised in this Country ; and that it 
is, at the same time, of a bet'.cr quality, sweeter, firmer, 
and well calculated for keeping. 

Chase is also a very important article of Dairy ma- Cheese, 
nufiicture ; of the History and Antiquities of which 
we have spoken in our Miscellaneous Division. Much, 
no doubt, depends on the quality of the pasture, 
as well as on the season of the year at which the pro- 
cess is conducted ; but it is proved by recent experi- 
ments that a great deal is left to the skill of the fanner, 
und that the ruw material is capable of being converted 
to much higher uses than the ignorant have heretofore 
imagined. The very first step, the coagulation of the 
milk, is attended with considerable consequences, as 
giving a decided taste and character to cheese. It is 
well known that the rennet wtiich is employed for this Rennet, 
purpose is prepared from the stomachs of young calves, 
and, unless great precautions are used, it is apt to be- 
come rancid, and thereby to communicate a disagreeable 
flavour. The method of preserving it, in the West of 
England, is, when the rennet-bag is cleaned, to make a 
strong solution of salt with two quarts of water ; to add 
to this solution small quantities of several spices, and to 
boil the whole down to three pints ; then, to strain the 
liquor and pour it on the rennet-bag; to add a sliced 
lemon ; and, after allowing it to settle a day or two, to 
strain it well, and bottle it up for use. When well- 
corked, it will keep a year, and gives to the cheese a 
pleasant aromatic flavour. A decoction of the flowers of 
the Galium verum , or cheese- rennet, a plant very com- 
mon in many pastures, is sometimes used as a substitute. 

Muriatic acid is also employed for the same purpose; 
and we are told, that the pungent taste peculiar to some 
sorts of Dutch cheese, is occasioned by the latter ingre- 
dient, infused, perhaps, in an undue proportion. 

The colouring matter most commonly adopted in Colouring 
English dairies is arnotlo , an article which was v\ont to 
be imported from Spain ; the quantity varying according rt,,u ’ 
to the shade required. In Gloucestershire, un ounce is 
allowed for every hundred pounds of cheese. In Che- 
shire, the method of using it is to tie up Ihe necessary 
quantity in a linen bag, and to infuse it in half a pint ot 
hot water the night before it is used, and next morning, 
before the application of the rennet, to mix the coloured 
infusion thoroughly with the milk. In some places, u 
piece of the unpounded arnotlo , dipped in milk, is 
rubbed on a smooth stone, and the colouring matter 
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AtfiU-uUuro. thus obtained, is combined with the milk in the usual 

GlmuvstiT In making Gloucester cheese the milk is used as it is 

chtfebe. drawn from the cow ; and if it be tun hot in Summer a 
little skim-milk or water is added. After the application 
of the colouring-matter and the rennet, the curd is care- 
fully broken down with the hand or a knife ; and 
next put into a vat, and pressed for a quarter of an 
hour. It is then turned into a tub and again broken 
small, scalded with a pailful of water, lowered with 
one part of whey, and the whole is briskly stirred. 
Having stood a few minutes to allow the curd to settle, 
the liquor is strained olF, and the curd is again collected 
into a vat. When this is half full, a little salt is 
sprinkled on and well wrought into the cheese ; it is 
then filled up : the whole mass is turned two or three 
times round ; the edges arc pared and the middle 
rounded at each turning. The cheese, surrounded with 
a doth, is subjected to further pressure, when the pro- 
cess is completed. 

Imitated. In the 1st volume of the Quarterly Journal of Agri- 
culture, there is “ a Receipt for making cheese, in imita- 
tion of double Gloucester.” The method adopted does 
not differ much from that now' described, and the success 
of the attempt, which was made in Dumfrieshire, shows 
that the secret, if there ever was any, is now perfectly 
understood from Cornwall to the Scotland Firth. The 
quantity of a r not to used by the imitator amounted to 
about a quarter of a pound for two hundred weight of 
cheese; and the salt to about eight or nine ounces. It 
was found that a hundred quarts of milk were required 
for a cheese of thirty pounds ; or about three quarts to 
the pound. 

Snlton. The directions fir making Stilton cheese are given in 

the Agricultural Report of Leicestershire as follow’s : 
the nights cream is pufc into the morning’s new milk, 
with rennet ; and when the curd is formed, it is not 
broken, as is done with other cheeses, but taken out 
whole and placed in a sieve, to drain gradually, and as 
it drains, a gradual pressure is continued till it becomes 
firm and dry. It is then placed in a wooden lioup, and 
afterwards kept dry*on boards, and turned frequently 
with the cloth binders round it, which are tightened as 
occasion requires. When the cloths arc removed, each 
cheese is rubbed with a brush once every day, anil in 
damp weather twice, for two or three months. This 
cheese has been successfully imitated in other districts, 
an account of which will be found in the Quarterly 
Jour nut, No. VI. and in the Prize Essays and Transac- 
tions of the. Highland Society . 

Cheshire. Cheshire cheese, which it is found more difficult to 
imitate than any other, is made in the. following manner. 
The cream of the preceding evening’s milk is skimmed 
off, and poured into a pan heated with boiling water, 
and a third part of the same milk is heated in the name 
way. The new milk of the morning and that of the pre- 
ceding evening being thus prepared, are introduced into 
a large tub together with the cream. Then are added, 
first the colouring matter, and afterwards the rennet. 
The whey being removed, the curd is cut into slices, 
and repeatedly turned over and pressed with weights. 
It is next broken with the hand into small pieces, put 
Into a vat, and strongly pressed, and being* transferred 
afterwards into another vat, the process of breaking 
down and pressing is renewed two or three times. The 
last time, the vat is heated to a certain temperature, and 
a tin hoop or binder is put round the edge of the cheese. 


Six hours are spent in the processes now detailed, and Agriculture 
eight hours more are necessary for pressing the cheese, 
during which time it should be twice turned in the vat. 

Next morning and evening, it is again turned and 
pressed, as well as in the morning of the third day, 
about the middle of which it is removed to the salting 
apartment, when the outside is well rubbed with Balt, 
and a cloth binder is passed round it. During a week, 
while the cheese remains there, it is turned twice a day, 
and as it is left for some days longer to dry, it is turned 
once and well cleaned daily. It is then transferred to- 
the store-room, which should be keyt moderately warm, 
and protected from a current of air, to avoid the risk of 
cracking, and turned every day till it becomes perfectly 
dry. 

No" cheese is more hjghly esteemed tiiun Parmesan , Parmesan, 
which is produced on the plains of the Fo, ”.ear Lodi. 

Its peculiar qualities, we are informed, depend ir* re on 
the manner of making it than any thing else. The 
cows are a mixed breed, between the red Hungarian, 
or Swiss variety, and those reared among the Lom- 
bards. The chief peculiarity in their feeding is. that 
they are allowed to eat in the li< Ids four or five hours 
out of the twenty-four; all the rcstofrflie time they 
are stalled, and get hay. Roth this pasture and hay are 
chiefly from irrigated lands. The eher M re made en- 
tirely from skimmed milk ; half of that .vhich lu*. stood 
sixteen or seventeen hours, and half of that which b n 
stood only six. The milk is heated and coagulated in a 
cauldron, erected in a very ingenious fire-place, being 
an inverted semitone in brick-work, well adapted for 
preserving heat, and for the use of wood as fuel. »\ n li- 
mit being taken out of the cauldron, the curd hri/keri 
very small by an instrument consisting of a stick with 
cross-wires ; it is ugain heated, or rather scalded, till the 
curd has attained a considerable degree ol r rmiu-ss ; it, 
is then taken out, drained, salted, and preset 1. and hi 
forty days it is fit to be put in the cheese loft The pe- 
culiarities of this cheese seCm to depend ou the mode «•!' 
scalding the curd ; though some allege that the leeding 
of the cows is not without its effect. Rut fur a more 
minute detail, wo refer the reader to the \XLt Volume 
of the Fanner's Magazine ; Cadcll’s Journey in Car- 
hi ala ; and Loudon’s Agriculture. 

There are various other chooser in common u c o, Midi 
as the Chedder , the Dunlop, the Lincolnshire, t\w A for- 
folk , the Wiltshire , the Cottenham , aiuF the Suffolk ; 
but as the process of making is nearly the same in all, 
we shall not repeat descriptions which would exhaust 
the patience without conveying any particular know- 
ledge. We shall simply remark that cheeses ought to 
be kept in a dry airy place ; and that the leaves of 
Tutsan, the Hypericum androsamum, or of the Yellow 
Star of Rethlohcm, or even the young twigs of the 
common Birch; are useful in preventing the depreda- 
t ons of mites. 

Leases and Rent. 

Few subjects in Agriculture arc attended with greater Gem-ral 
difficulty than the proper mode of fixing the duration of pnnni' f 
Leases and the amount of Rent. With regard to the 
former, it may be observed, that when they me short and 
clogged with a number of restrictive clauses, they are 
equally injurious to the proprietor and to the occupier 
of the land, and have therefore been justly regarded an 
one of the most serious obstacles to the improvement uf 
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Ii'j'iiries- 


Agriculture, the soil. As to rent again, no general principle can be 
stated which is not liable to ccrtuin objections. Some 
writers have suggested that one-third of the produce 
should be appropriated to the landlord. But as laud of 
inferior quality requires a more, 'expensive inode of cul- 
tivation than richer fields,— more skill, capital, and in- 
dustry, tu improve and keep it in a productive state,— 
the fourth part of the produce might be considered as 
the fair value of rent. Nay, from the recent examina- 
tion of some very intelligent Agriculturists before a 
^Committee of the House .of Commons, even the fifth 
part of the actual produce of poor land was deemed an 
equitable return to tne landlord. In all leases, there- 
fore, founded on such principles, the quality of the soil 
must determine the proportion to which the proprietor 
is entitled in i uine of rent. Perhaps the main, con- 
siderations connected with this subject might be examined 
under the following heads ; namely, 

I. Whether it is more for the interests of Agriculture 
that the lauds of a country should he let on lease, than 
that they should be occupied by tenants at will ? * 

If W hat is the proper length of a lease, and what 
arc the reasons of preferring one period to another ? 

III. Whether ouglu the rent to be a constant money- 
payrnent, or a Jired quantity of produce, or a fixed pro- 
]>vrl,on of the '-wince of the land? 

IV. Whether ought there to be any stipulations in a 
ii'.u»e with respect to the management of the farm ; and 
to what points ought they to be directed ? 

V. Wlutlier ought a tiirm to be let privately or pub- 
licly. And whether ought the highest bidder, supposing 
him f * be in other respects unobjectionable, always to be 
preferred 0 

\ 1. Whether ought houses and buildings to be erected 
1., the landlord or tenant? 

I. As to the first question, whether it is more for the 
intere.-t* «•' \griculture that land should be lei on lease, 
or he copied by tenants at will, it may, we presume, 
hr del. rmin d by an appeal to the tuct, which of the 
two has been found to call into action the greatest 
share o capital, industry, and skill. If guided by this 
principle, we shall ha\e no difficulty in deciding in favour 
of leases, in prelerence to the system of renting land 
from year to year By the former method, say on a - 
lease of .linoteeu yearythc tenant is perfectly certain of 
reaping I he benefit of thecajtital expended in improving 
the land; and* consequently* may be exacted to apply 
his skill t the improvement of his farm without hesi- 
tation. He can ;dso, with perfect security to himself, 
adopt the mo<»t improved rotation of cropping, which, 
let it be observed, is generally to make a present sacri- 
fice for a future advantage ; whereas, if he is a tenant 
at will, in the strict sense of that phrase, he canuot be ex- 
pected to do either the one or the other. Nothing would 
be more absurd^ than for a tenant whose term of removal 
may be only twelve months hence, ei titer to luy out 
capital, or to adopt a system of culture, the return from 
which could be expected only at a distant period. We 
are aware that many tenants at will, from the practice 
on the estate, or the character of the proprietor, feel a 
degree of security nearly approaching to that which is 
conferred Jby a leas^. Though this, however, be the 
case in some particular instances, it cannot apply to 
landlords in general., A tenant, therefore, so 'circum- 
stanced, cannot fail to apprehend, that were he to make 
any great improvement on hi* form, a higher rent might 
be exacted, ’/ * 
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Thero is one objection which we have Ward stated to Agriculture, 
letting land on a lease of nineteen jears, named v, that v — v— ^ 
if the farm happens to be too low rented, the \i nant Advantage* 
continues during the lease, and enjojsa portion * ,r the 
produce which should have fallen to the share of the lroi, ' ,A,Mt!l ’ 
landlord; but, on the other hand, should the stipulated 
rent prove too high, the landlord mu d submit to a de- 
duction. This objection is plausible ; and may, on a 
superficial view of the case, appear conclusive against 
the system of letting lands upon lease. Those who take 
this view, however, very probably forget, that the security 
of a lease lor a fixed and definite period, has been one 
of the principal causes of the rapid progress of Agri- 
culture during the last fifty years* If the .same impulse 
could have been given to Agriculture in the hands of 
tenants at will, the view entertained by such persons 
would, no doubt, be correct: But this is supposing a • 

state of things which cannot possil.ly exist. For it pro- 
ceeds upon the idea, that Man will display the same 
energy, and make as great exertions lor the acquisition 
of an object which another may enjoy, as he will for 
that which he knows will be exclusively his own. In- 
deed, there seems great reason for thinking, that had 
the practice of letting lands to tenants at will been 
universal, the rental of the Country would not have ex- 
ceeded two- thirds of what it is at present; and, there- 
fore, although a laud lord may occasionally be obliged 
to accept of a rent somewhat lower than his lands are 
worth, still lie is a great gainer on the whole. It 
mgy be supposed, that we have overrated the effect of 
leases, but, w hen it is taken into account, that previously 
to their introduction almost every improvement was ef- 
fected by the proprietor, and that in all districts in which 
they are generally adopted, the tenants have relieved 
the landlords of this burden, the benefit resulting from 
this method will not he questioned. Of course we ure 
here speaking of such improvements as add to (be pro- 
ductiveness of the soil, and at the some time yield 
a profit on the capital expended. In short, it may be 
held, that no tenant at will, possessing an ordinary por- 
tion of common sense and prudence, can be expected 
to lay out capital, which will not be returned within a 
very short period ; and this, it is obvious, amounts to 
la>ing out no capital at all on that description of im- 
provements which make the largest return. 

By the conditions of letting. Tie might be bound to a Dis».ivnn- 
certuin mode of’cioppiiig, which would in some measure t 

tend to prevent the deterioration of the lands; but e\cry 4 

operation would be performed in a slovenly manner, 
and with a view as far as possible to save expense. If, 
on the other hand, from the character of the landlord, 
or practice on the estate, the tenants were perfectly 
secure of not being removed from their farms, it is 
equally obvious in this case, that the cultivation of the 
lands would not be carried to the highest pitch ; because 
most tenants would led, that were they to improve their 
farms highly, a larger rent might be exacted. And this 
might occur even with liberally disposed landlords, as an 
experienced eye and very considerable skill are requisite, 
to discriminate betwixt that productiveness which is the 
result of natural fertility, and that arising from high 
improvement and skilful management. This is a ri**k, 
to which all tenants ut will must know they are ex- 
posed ; and in the majority of cases, they will avoid 
making improvements of which they are not certain ot 
reaping the benefit, 

II. With these few remarks, we shall proceed to 
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Agriculture, notice the second point; namely, — “What is the proper 
length of a lease, — or what are the raucous lor prefer- 
ring one period to another?*' 

AiUiintngvs The circumstances of limns, as to situation, soil, ami 
“i ,Aas ‘* 5i improvement, are so various, tlmt it is impossible to fix 
amt 'inland on of lease which ought to be preferred in 

every instance. Where the land is rich, and in a highly 
years.* improved state, a shot ter period mav suffice, than in 
those cases in which extensive improvements must be 
executed by the tenant, and the means of effecting them 
are at a distance. On the whole, however, when we 
consider the immense benefits which Agriculture has 
derived from leases of nineteen or twenty-one years, 
we are disposed to think, that it would not be easy 
. to fix on any period more advantageous for the greater 
part of lands which have been under cultivation. 

• This period seems well adapted for inducing the tenant 

to execute promptly those improvements which are 
generally the most profitable, while, at the same time, it 
affords ample space for his reaping a full and fair return 
for the necessary outlay. When the period of the lease 
is much further extended, many tenants are apt to fell, 
that there is time enough to leap the benefit of an im- 
provement, even though its execution be delayed for a 
few years; and consequently, their exertions at the com- 
mencement of the lca*e are less prompt and vigorous; 
the effect of which, in many instances, is to give rise to 
a dilatory and listless mode of proceeding, which often 
leads to the neglect or total abandonment of many im- 
provements contemplated at the commencement of the 
lease. . On the other hand, if the lease lie for a period 
much shorter than nineteen years, the tenant, except m 
situations very favourably situated for manure and other 
means of improvement, does not feel that he has *uffi- 
cient time for putting his lands in a very high state of 
cultivation, with a reasonable prospect of being remu- 
f uerateef. For it must tie kept in view, that profit from 

superior culture is not derivable to any considerable 
extent, from merely brmging'tlie lauds to a high degree 
of fertility, and in a few years, by severe and injudicious 
cropping, reducing them again to their former stale. 
Profit can only be derived to the fullest extent, by hr t/>- 
ing up and directing the capabilities of the soil, whether 
natural or acquired, to the production of tlnxe imps 
which will prove immediately profitable to a certain 
extent, and still more by the influence which they exer- 
cise on the succeeding ones. This cannot bake place, 
except in a very few cases, if the lease be much shorter 
than nineteen years. 

K'-woiv. On the whole, we have, no hesitation in giving the 
preference to nineteen or twcuty oue years, as the period 
. most advantageous to the interests of the landlord, the 
tenant, and the community at large; though, as we 
have stated before, there may he eases when? a shot ter 
period would not be attended with any very «.trik»ng 
disadvantages ; and there are others where a con.sidiv- 
, able extension might prove highly beneficial. . It would, 

in our opinion, be a great improvement, if the lease 
could be renewed at the end of the fifteenths sixteenth 
year ; as the tenant's exertions are necessarily lessened 
during the last four or five years of the lease. We 
would strongly recommend to’ landlords, when they 
have a proper tenant, to effect this arrangement with, 
him. The oftencr this cau be done without giving the 
latter reason to expect it at the commencement of his 
lease, the better for all parties. 

Ilf. The third question to be considered is, — “ Whe- 


ther the rent ought to be aconstant money-payment, or a Agriculture, 
fixed quantity of produce, or a fixed proportion of the 
produce of the farm 7* 

This the reader is aware, involves a point of consider- Object of 
able difficulty ; and one which, has been, of late tfie sub- «ni. 
ject of much controversy and discussion. The object 
which most writers on the subject have had in view, is 
the discovery of a principle of paying rent, by which the 
tenant shall give the precise worth of the larm each year 
of the lease. This appears to us a state of things which 
never can be attuined. ^ _ 

We shall, in lire first place, offer a few remarks on Disadvp.i- * 
the comparative merits of a fixeu money-rjent, anil a tai;*^ i >f the 
ft zed proportion of the yearly produce: arid on this 
head we may observe, that the fluctuations which have 
o ecu sred of laic years in the moiuryyncc of farm pro- 
duce, from the changes* in the value ol the currency, and 
the occurrence of harvests more or less productive, 
would he apt on the fijrst statement of the question to 
decide us iri favour of a fixed proportion of the produce 
of file farm, or the metayer scheme. Of this system, 
however, we are disposed to think very unfavourably, 
because its whole tendency is to check enterprise and 
impiovcment. Its practical operation is^wcll illustrated 
by the state of Agriculture in those Countries where it 
prevails; for which see, among others, an excellent 
account in Chateau vieux, Lett ns Ken tvs d* Katie en 1S12 
el IBIS, and theyf/mrtM Jgrivoln de Rm'iile, published 
ttbbut four years ago at Fans. ' No tenant w ould expend 
capital when he knew that the landlord v\as to come in 
for a third, fourth, or fifth share of the additional produce 
resulting from its application. IL is a system applicable 
only tn ( on u tries where the tenantry have little or no 
funds, and huist look (o the landlords ior stocking their 
farms. Indeed, so pernicious does it appear to us, that 
we see no chance of the Agriculture of a Country 
becoming really prosperous where that system of letting 
lands is universal. 

From a fixed money-rent, no great inconvenience Doubts rc- 
sccms to have been felt in this Country, previously to Meeting n 
the passing of the Hank Restriction Act in 1797. The t 

depreciation of the currency, however, which necessarily 51 • 

followed that measure, and the great proportion of 
deficient harvests which occurred between 1797 ami 
IB 12, (soeTookc on High and. Low Prices,) tn which 
we may udd the extraordinary circuuistkiiccs. Political 
and Commercial, in which the Count r® wus placed, - 
occasioned such a rise in the price of com, as produced, 
in the minds of some ♦landlords, a dislike to a fixed 
money-rent. The same circumstances had a very dif- 
ferent effect on the fanners. A fixed money-rent was, 
in their opinion, the only way. in which land ought to 
b<; hired. It was, however, the combined effect of these 
and other circumstances, that disclosed the imperfections 
of this mode of paying rent ; and led, in many eases, to 
die adoption of another, which is to be next noticed. 

But before doing so, we shall submit a few remarks on 
a point connected with this subject. 

Some landlords, wc believe, are under the Impression Farming 
that they sufficed greatly; from their lands having been ca I ulri, » 
let, during the perkxl of high prides, on leases or nine- 
teen years at a fixed money-rent. . This, we are much 
disposed to think, Is a mistaken view*. It ought to be 
recollected, that about the middle of the lost century, the 
amount of farming capital was extremely small. It had, 
no doubt, been gradually, accumulating from the period 
of the Revolution, about which; time improving leases 
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Agriculture, were, in a few instances, introduced ; but even at the 
close of the XVI II th Century, ii was very far from being; 
gicntly m- adequate to the improvement and cultivation of the 
crurtsiMiho- (^V)iintry. It was during the period from 1780 to 1812, 
but es P cc ^ a ^y during the latter half, that the farming 
capital, in the Northern parts of the Kingdom especially, 
received an accession which made it nearly equal to the 
proper cultivation of the land.* And this accumulation 
of capital, let it be observed, arose chiefly from the 
tenantry holding; leases fat* a period of years at a fixed 
v. money-rent. During that period of Agricultural prus- 
. pewty, the Art was prosecuted with a degree of spirit 

X and enterprise unexampled in this, or perhaps in any 
jxuiiu&picnt other Country. As a natural consequence, it attracted 
mcruasg cf great number of individuals from other professions, 
rent. which, with the increased capital in the band^oj’ the 

tenantry in general,' produced *ai» immense competition 
for farms, and ultimately raised rents to the highest 
pitch the lands were worth, even if the average prices of 
the fourteen years preceding 1S12 had continued. 
During that period of excitement, the landlords, as the 
leases expired, reaped a considetable share of the advan- 
tage in the rise of rent obtained, and, perhaps, still more 
from the improvements effected by the tenantry on their 
estates. But fliey are deriving, and will continue to 
derive, a still greater benefit fiom the increase of farm- 
ing capital and skill, which those years of prosperity 
called forth. The progress then made in the knowledge 
of the Art, and the additional capital acquired, have, 
beyond all doubt r enabled the tenantry to pay during 
the last ten or twelve years, at least from fifteen to 
twenty per cent, more vent, than they could have done 
from 1 7;>0 to 1?d0, supposing the prices of farm-pro- 
duce to luve been the same ut both periods. In this 
way, there is reason to think, that the landlords are 
more than remunerated for any sacrifice they made 
during the high prices ; and there can be little doubt, 
that Agriculture has, at the same time, been essentially 
and permanently benefited. 

Ail vantage* From what has been said it is obvious, that a fixed 
of a fixed money-rent, though it docs not appear to have been 
muiuty-reiit a tti nded with any loss to the landlords, has proved 
highly beneficial to the interests of Agriculture ; still it 
must be admitted, that the late alteration in the value 
of tlie currency, and the changes which have been made 
on the corn laivs, have had the effect of putting the 
capital of tho.^j tenant# paying a fixed money-rent, in 
the power of the landlords ; and though in most in- 
stances, we believe, the proprietors were too libchd- 
rninded to avail themselves of the advantage thus 
obtained over their leaseholders, it is a slate of tilings, 
against the recurrence of which, a provision, as far as 
possible, should be made. 

(treater Aib On the whole, though a fixed money rent appears 
V'UitAgvH of much preferable to a fixed proportion of the produce , 
Tu'inht • f ^ lcrc * ccmH S rcat reason to think, that a fixed quantity 
• produce, •° °* produce convertible at the average prices of each 
year, is less objectionable than either of the modes 
noticed ; and upon this we shall offer a very few remarks. 

A fixed quantity of produce has the important ad- 
vantage of providing fully and completely against va- 
riations in theqmce of corn, arising either from changes 
in Commercial policy, or in the value of the currency ; 
and at the same tflne has m effect whatever in damping 
the exertion* of the tenant, as he knows every bushel 
he can produce beyond the landlord's .share is .entirely 
his own. These ore advantages of great value even in 


a National point of view, inasmuch as they secure the Agriculture, 
landlord, in the first place, in obtaining th** value of his 
lands during the lease ; and secondly, go far to prevent 
any great destruction of farming capital. This mode 
does not, indeed, provide for the difference of price 
arising from more or less favourable harvests. This, 
however, can be remedied, to u certain extent, by jiv.ng 
a maximum and minimum price — the farmer, to guard 
the interests of the tenant, in years of extraordinary 
scarcity — the latter, to protect the landlord fiom the 
lowness of prices arising from unusual abundance Great 
judgment, lowcvcr,.is required in fixing the maximum 
in elevated and exposed situation*:, as an error in this 
particular might lead l</ the ruin of an industrious 
tenant in u:ifa\ourable seasons. With the*e checks 
judiciously applied, though the rent in any one year 
may not. be prcri«ely what it ought to be, still the dis- • 

parity betwixt it and the prices, w ill not in any ease lu: 
such as to depress the tenant, to the extent of either 
cheeking his entei prise, or diminishing his means for 
the profitable cultivation of his farm. Ntithcr will the 
interests of the landlord at any time suffer materially. 

Indeed, a fixed quantity of produce convertible at the 
average market prices, seems to us to protect the in- 
terests of both parties, us far perhaps as is practicable. 

The same principle, in our opinion, might be beneficially 
adopted in fixing the rent of pasture- lands, provided 
the same means were taken to authenticate the prices of 
cattle, sheep, wool, and dairy-produce in each County, 
as is taken for ascertaining the prices of corn. This 
subject is deserving of serious consideration, and the 
plan, with little difficulty, might be carried into effect. 

We shall only say in conclusion, that the view here 
taken, has been borne out by many years* experience, m 
several parts of the Country, in which that mode of 
fixing the rent of corn lands has been in operation. 

IV. The fourth inquiry is, — Whether ougfll there 
to be any stipulations in a lease, with respect to the ma- 
nagement ol the farm ; and if there should be stipu- 
lations, what ought they to bed* 

Although tlie stipulations in leases must of necessity < f 

vary according to the circumstances of eacli particular restrictive 
case, we do not think they call in any one instance he dis- 111 

pc used with. In those districts of the Country in which 
the principles of Agriculture arc little understood, re- 
strictive clauses are, during the w hole lease, indispensable : 

Jird f to protect the interest of the landlord ; and 
secondly, in some degree to lend the tenant to a better 
system of husbandry. There is little chance, however, 
of a tenant of skill and capijal adopting an injurious 
course of management, during the first half of a ninetetn 
years’ lease ; but in the latter half, the interests of land- 
lord and tenant begin to diverge, and in the last year or 
two, become nearly opposed to each other: — it being- 
then flic interest of the landlord to have the lauds in the 
highest possible state of cultivation, so us he may obtain 
the greatest Vent they arc worth upon the renewal of the 
lease; while the interest of the tenant is obviously to 
extract from the soil all he can before his right of 
possession is at an end. A judicious person, in training 
u lease, will keep this in view, and endeavour to con- 
struct the clauses us to management, so as to protect 
the just lights of both parties. And we are satisfied, 
that restrictive clauses at the end of a lease will be IcaM 
objected to by those of the tenantry who have the clearest 
view of their own interest; for such persons know that 
a deteriorating system of cropping cannot be pursued 
l 2 
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Agriculture, far, with advantage to themselves. Besides, when this didates, and the tenant in regard to the value of the Agriculture. , 
practice is general, the lass sustained during the first farm. 

. four or five years of the new lease, is much greater than A higher rent may no doubt be obtained at on auction. Advantages 
any paltry profits obtained by improper cropping, in the hut this is no good reason in favour of such a method, ^ l.’ riva,e 
latter years of the old one. Indeed, the practice cannot as there are few things more detrimental to Agriculture ^ 
be too strongly reprobated ; because, instead of bene- than overrented farms. .Tenants so situated, seldom s 

filing any party, it is extremely prejudicial to all, and make exertions, or display a spirit of enterprise, 

. not least to the tenants themselves. It would be consistent with their oWn interest, or the interest of 
.easy to establish this beyond all question, but it would their profession. As-farms are, in our opinion, much • 
lead to details which might neither be interesting nor more likely to he overrented, and to fall into the hands 
0 useful in a general treatise. of an inferior description of persone* by being let by 

imtrtofcms The principal object, then, of all clauses in leases, auction, than by receivings .private offers,, we woultfc'on, 

u ought to be, to put it in the power of the tenant to that account, prefer the latter (node. At a public / 
manage and cultivate his farm upon the most approved * auction, there is a degree of excitement which some- ' 
principles known at the time of his taking possession, times leads a bidder to go further jhan his judgment in 
and to allow him to avail himself of any improvements his cooler moments would dictate; besides, some are 
which may take place in Agriculture, or otherwise, apt to offer, trusting tb the knowledge of the preceding 
during the currency of the lease ; and on the other hand, bidder rather than to their own. 
to give security to the proprietor, that his lands will be As to whether the highest bidder ought alway'9 to be 
properly cultivated during the whole period, but espc- preferred, we are decidedly pf opinion, that capital, in- 
daily during the lost five or six years. It is, as formerly telligcnce, and skill, ought, in most cases, to have a pre- 
stated, impossible to say what the clauses of a lease ference; and there can be no doubt, that the landlord 
ought to be in any particular case, without a knowledge who is. guided by this rule, will, in general, consult his 
of (he whole circumstances connected with the farm; own interest, and the interest of Agriculture, 
and it is equally impossible to frame any conditions VJ. A$ to the last point, namely, 11 whether houses 
which would be generally applicable. All that can be and buildings ought to be erected by the landlord or 
done, is to state the principle updn which such restric- tenant? and if by the latter, how should he be indein- 
iive clauses should be inserted. nified for them?* 

Their na In every case, a landlord inust, .either of himself, or It appears to us, that the buildings and bouses ought, Building* 
ture. by the advice of those in whom he can confide, deter- in general, to be erected by the landlord. The sum ought to ba 
mine the proportion of exhausting crops which his land necessary for this purpose, is more than the tenant can 
can profitably carry, — keeping in view the nature of the be expected to possess beyond what is required for the Iam on * 
soil, climate, situation, and other circumstances. — and stocking and improvement of the farm. Besides, such 
must frame the restrictive clauses so as to prevent that erections can be made by the landlord at us little ex- 
proportion from being exceeded, and to provide for a due pense as by the fenant; and consequently, when ex- 
quantity of putrescent^ manure being regularly applied, ecu ted by the former, the .effective agricultural cupita) of 
Although many objections might be stated to binding a the ‘Country is greatly increased. It is worth observing, 
tenant to crop and cultivate his land according to a perhaps, that the landlord, having a permanent interest 
specific plan, even during the latter years of the lease, in the property, will take' care to erect' buildings, both 
we are oPppinion, that any departure from good cnl- , as to stability and extent, suitable to the general nsqs of 
tare for four or five years out of nineteen or twenty-one, the faun : whereas, it can scurcely be expected, that a 
is so detrimental to the interests of all parties, that it tenant, having only a temporary interest, will be guided 
ought alt means to be prevented. Abd, perhaps, r by the same views, 

no better general principle could be applied, than that We might' have expanded the considerations under Bad effects 
the .tenant should not be allowed to depart from the the third head to a much greater extent, and taken a ofthe 
. system he hast pursued during the previous years of the review of the metayer system,’ as it operates in many , 

lease.' ^ parts of the Continent, iu which the farmers pay a fixed Continent*. 

Object in V. With these observations, we shall next acjvert to proportion of their produce to the landlord in name of 
Iritmg. th s fifth query, namely, “ Whether ought a form to be rent. This has been pronounced by Mr. Arthur Young 

\et publicly or privately? and whether ought the highest “the most detestable of oil modes of letting laud/' in 
bidder, supposing him to be in other respect unobjec- which, oiler running the hazard of many heavy losses; 
tioneble, always to be preferred V ; M the defrauded.’ landlord receives a contemptible rent ; 

The object which ought to be kept in view in letting the farmer is tn ihe lowest state of poverty; Upland is 
lands, is, to obtain their fair * value from tenants of re* miserably culiiyaWd » and the Natiafi sufTers as severely 
spectability, who are possessed of adequate skill and as the f inners"them8elvcs. ,f Notwithstanding the nu- 
capital for the proper management of their farms. That merops efc anges introduced by theltevoloUon, this ob- 
mode of letting them, therefore, ’ ought to be adopted, jectitfooble scfcrte prevails lift more than the one half df , 
which affords the best chance of attaining these objects*. France, and throughout the greater part of Italy. We 
To us, the chance of accomplishing the end in view need not add tlqtt Agriculture has made no progress in 
seems much greater by private than public letting, either Country, in the midst 6f numerous improvements 
By the former, the proprietor can exercise a more derived by all other pursuits from the general cultivation 
deliberate judgment in regard to the merits of the can* . of the Physical Sciences. . n . 
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Comrocrce^CoMMERCE is the interchange of commodities, whether 
'^y^*** manufactures or agricultural products, for money or for 
JVhmtioa 0 ther commodities : in the latter case it is called Barter. 
mt-rcc?" Some persons consider that all buying and selling carried 
v * on among ourselves ought to be called Trade , and that 
the name'of Commerce should be appropriated to our 
foreign transactions ; but this distinction seems hardly 
• justified, cither by the etymology of the respective 
words, or by the practice o£ merchants, whh’whom 
41 foreign trade*' is as frequent, or rather a more frequent 
expression than 44 foreign Commerce.” 

We propose for the principal subjects of the present 
Essay, 

1. A Historical sketch of Commerce ; and 

2. Its condition in the present Age, as well in Eng- 
land as on the Continents of Euroj>c and America. 

3. Connected with these, will be a series of obser- 
vations on collateral subjects; such as money, or the 
circulating medium of Commerce; the mines of gold 
and silver, particularly in America ; and the use of Bank 
paper during the last hundred years. 

Origin of The advantage of an interchange of commodities, of 
Commerce, one person supplying what was needed by another, must 
have been obvious in the earliest stages of Society. 
Such interchange, however, must have been on a very 
insignificant scale among Tribes living in the state of 
hunters, and seeking their subsistence, not from domes- 
ticated animals, but from the chase and the precarious 
spoils of the forest. Such appears from Scripture to 
have been the state of the central part of Asia, in the 
Ages following the Flood ; in the time of Nimrod and 
other predecessors of Abraham. It was the condi- 
tion also of the aboriginal Checks before Cadmus and 
other foreigners, arriving from the East, accustomed the 
natives to useful Arts; and it was the stale of the 
chief part of England on the first invasion of the Ro- 
mans. Such at the present day is the case of the 
Indians of Nottli America, who roam over the vast 
tracts to the West and North-West of the Mississippi, 
obtaining by *he chase quantities of Airs to exchange 
with English and American traders, but living in other 
respects in great penury, and having very few commo- 
dities to barter among each other. 

The state of i n the next stage in th# progress of Society, the slatp 
u* uratfo. 0 |. p ns tu r nge with little tillage, the interchange of com- 
modities is still on a very limited scale. Referring 
again to the Book of Genesis^ we find this to have been 
the state of Chaldiea and of part of Syria in the Age of 
Abraham, about four centuries after the Flood, or nine- 
teen centuries before the Christian Era. Population, 
although increasing, was still very thinly spread, and 
property became considerable in the hands of only a lew, 
the bulk of the community being, os expr<£sed in Scrip- 
ture, 44 bondmen uml bondmaids;" in other words, ser- 
vants and labourers paid not by wages, but by mainte- 
nance. The Northern part of Arabia must have been 
very thinly peopled in the time of Jacob, yet his ilocks, 
like those of his brother Esau, increased, 44 so that they 
could not dwell together : the land could not bear them 
because of their cattle." The consequence was that 
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Esau removed his family, his cattle, and all hip substance Commerce, 
to a distance, and dwelt on Mount Seir. Similar to N -* p * sr^ 
this was the state of Scythia in ancient times ; and such, 
down to the present day, is the condition of the vast 
regions of Tartary. In this stage of Society families 
are almost always removing in quest of new pastures; 
there are hardly any towns, and but few villages ; each 
household is consequently obliged to supply its own 
wants, whether in provisions or clothing ; and the ex- 
change of commodities is trifling, as it always must be 
until , tillage being introduced, population becomes sta- 
tionary, and, in some degree, concentrated. 

We next arrive at the Agricultural state; the time The Agri- 
wlien individuals and families drew together in hamlets, cultural 
villages, and, eventually, in towns. Employment then b * utu; 
becomes divided ; persons follow separate trades ; and the 
products or workmanship of one are exchanged for those 
of another. Intercourse is then carried to such a length 
-as to be entitled to the name of Commerce, if it be Countries in 
asked in vvliat part of the W orld was the exchange of com- which Com- 
modities first carried to any considerable extent? vve nu- *, ,r ^ 
svver in Mesopotamia, Egypt, and the moic fertile Pro- sidcmble. * 
vinccs of the North of Arabia. For this w e have the direct 
authority of Scripture, as well as the indirect but power- 
ful evidence uf forded by the local advantages of certain 
tracis of Country, such as those adjacent to the Euphrates 
and the Nile. In warm climates the great desideratum 
in cultivation is a supply of water ; and population first 
becomes dense in districts whicb^o^.^ss cvl, ^ly 

in abundance, whether from rivers periodically over- 
flowing their banks, from streams descending from high 
grounds, or from a soil yielding water in wells at a slight 
depth from the surface. Now Civilization and Commer- 
cial intercourse depend on, or rather arise from, density 
of population. It is to this we should ascribe the early 
improvement of Egypt, which even in the Age of Abra- 
ham, and still more in that of his grandson Jacob, hud 
become so far a cultivated Country, as to be able to 
alford a supply of corij to its neighbours when scarcity 
unfortunately prevailed among, them. To a similar 
cause, we mean the dense population in Chalchea, con- 
sequent oil the overflowing of the Euphrates, and the 
ease with which the level tracts adjoining to that river 
were laid under water, vve are to attribute the grander r 
of Babylon and the power of the Assyrian Empire. 

Almost all trade in those remote Ages was carried (Y.mmodi- 
on by land, and as there were neither roads for vv heel- ties con- 
carriages, nor bridges over rivers, merchandise was 
transported on the backs of camels and other beasts of 
burden; Traders proceeded generally in companies, for 
the sake of mutual aid and protection, exactly as is 
practised in the present day, and on a larger scale, by 
Caravans. Itwas to a company uf Ishmachics. (Arabs,) 
carrying spices from Gilead to Egypt cm camels, that ^ 

Joseph was sold by his brethren, about seventeen cen- 
turies before tlu Christian Era. The practice of convey- 
ing merchandise on the backs of animals still prevails 
in Countries in which an Englishman would expect that 
roads might long since have been made and wheel* car- 
riages introduced. It is general not only in the thinly 
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Cu-nmvicc. peopled Provinces of Brazil, Peru, linen os Ayres, and 
Columbia, but in Mexico, the least backward pari of 
Spanish America. That healthy and fertile region, now 
possessed by Europeans during* three centuries, can, 
even at present, boast of no more than three or four 
highways fit to be traversed by wheel-carriages ; and all 
the goods transported through its territory, whether 
manufactures imported, or produce sent down to tiie 
coast for export, are conveyed on the backs of mules and 
horses, a distance of several hundred miles. 

Intercourse The earliest attempts to convey commodities by water 
by water. wcre miV de on rivers or inlets of the sea, by means of 
canoes and rails. Between these, the simple contrivances 
of a rude Age, and the bark fitted to proceed to the open 
sea and to encounter the windsand waves, the difference is 
very great. Ship-building and Navigation are complicated 
Arts, requiring both mechanical dexterity and a stock of 
knowledge which can exist only in a society consider- 
ably improved. Ilence Commercial intercourse by sea 
is long in beginning, and for a time is carried on ’on a 
very limited scale. With the nations of antiquity this 
slowness was unavoidable, unacquainted as they were 
with the use of the mariners compass, and limited in 
their knowledge of Geography, ft was the custom of 
their seamen to keep within sight of land, uud on the 
occurrence of stormy weather, not to stand out to sea,, 
but to seek shelter in a bay or inlet. This practice, so 
contrary to that of modern navigators, arose from two 
causes ; the smallness of their vessels, which were often 
without decks, and the habit of propelling them as much 
by oars as by sails. By rowing towards a bay or the 
month of a river, they were almost sure of entering it, 
whatever might he the direction of the wind; and the 
shallow draught of their barks admitted of their being 
run ashore beyond the reach of the tempest. Summer 
was the onlv nn fi>r such awkward mariners : to 

have gone to sea in the Winter months would have been 
accounted a great imprudence. 

^ ne °* earliest branches of Navigation was that 
w carried on along the Red Seas lor the’ transport of com- 
modities from Arabia to Cosseir, or the port, whatever 
it was, which served as an entrepot for the trade of the 
Thebes in Sea with Thebes in Upper Egypt. The mcrchan- 

disc lauded at Cosseir is commonly considered to have 
been the produce of India, imported, in the first in- 
stance, into certain seaports of Arabia, near the mouth 
of the Red Sea. But whether the products were In- 
dian or Arabian, the traffic appears to have been con- 
siderable, and to have been one cause of the great popu- 
lation and extent of Thebes; an extent proved equally 
by the descriptions of ancient writers, and the magni- 
tude of the still remaining ruirts. The oilier causes of 
the prosperity of Thebes were that the fertilizing effects 
of the overflowing of the Nile were turned to account 
in its vicinity at an early Age. The breadth of culti- 
vated ground in Upper Egypt appears to have been 
greater in those days than at present, the flying sands 
from Libya having, in the course of so many centuries, 
covered apart of the Valley of the Nile, particularly to 
the West of the river. Thebes was centrally situated m 
regard to the Northern arid Southern divisions of that long 
and fertile valley ; the Nile being easily navigated, con- 
nected them, so that this city was both the residence of 
the Government, and a station for the deposit and ex- 
change of the commodities of the upper and lower 
divisions of the Kingdom. Subsequently, the seat of 
Government was transferred lower down the Nile to 


Memphis, (nearly on the site of Cairo,) in consequence, Commere* 
probably, of the augmented population of the Delta, and v »v^' 
perhaps of the advantage of comparative vicinity to the 
North of Arabia, Phoenicia, and Syria, Countries which 
then constituted so large a portion of the civilized World. 

But ihe foreign Commerce of the Egyptians was at 
no time considerable. Their Religion discountenanced 
Navigation, and their Government restricted their inter- 
course with foreigners, somewhat in the manner in which 
that of the Chinese acts with regard to Europeans. The 
Phoenicians, on the other hand, were* altogether Com- The Fhccof* 
mercial in their habits as in their la^s. Sidon, the first cionB * 
seaport of consequence mentioned in» History, was dis- 
tant only one hundred and fifty miles from the mouths 
of the Nile, and the foreign trade of Egypt was car- 
ried on by Phoenician mariners, first of Sidon, after- 
wards of Tyre. The Phoenician coast- abounded with 
timber for ship-building, and its position was central 
for intercourse with such parts of the World as were 
then advancing in civilization. Confined at first to the 
adjacent Countries, viz. Egypt, Cyprus, Cilicia, the 
Phoenician navigators ventured in the course of time 
to take a wider range, visiting and planting colonies in 
Crete, Greece, Libya, and Sicily. In all these Countries 
the inhabitants were uncivilized, and- were indebted to 
the Phoenicians for the rudiments of knowledge and the 
introduction of the useful Arts. These Countries were 
situated to the West: but there was also a regular 
traffic 1 iet ween Phoenicia and the Southern part of 
Arabia, carried on partly by land, partly by water; by 
land from Phumicia to Elath, a port in the Northern 
or upper part of t lie Red Sea; and the remainder of the 
distance by shipping navigating that sea. 

The next Country entitled to notice in a Commercial Jurisra, in 
sense is Jinhea. The Jews progressively increased in *l»y n^ns 
number during the long period (seven centuries) which 
elapsed between their settling in Egypt and the era of 
their greatest prosperity, the reigns of David and Solo- 
mon. In those reigns t hey made the conquest of Idumaea, 
a Province extending along the North-Eastern shore of 
the Red Sea, and seeing the wealth possessed by their Phoe- 
nician neighbours, they became desirous of engaging in 
foreign Commerce. This desire was facilitated by the 
friendly understanding which so long subsisted between 
the rulers of Tyre and David and Solomon. The latter 
sent yearly to Tyre quantities of corn and oil,- the pro- 
duce of Judaea, receiving in return forefgft merchandise 
and a balance of gold and silver. The Jews being un- 
uccusfomed to Navigation, manned their merchant 'Ves- 
sels on .the Red Sea by Phoenicians. The distant sea- 
ports with which they traded (Ophir and Tarshish) 
have not been recognised with certainty by modern 
Geographers, but the harbours Elath and Eziou geber, 
in which they landed, their merchandise on returning, 
were situated in Idurmea. The foreign Commerce of 
the Jews, however, was of short duration, and seems to 
have been discontinued after the dismemberment of the 
Kingdom, which followed the reign of Solomon. Their 
trade in the Red Sea fell, doubtless, into the hands of 
the Phoenicians, 

Commerce of Greece. 

From Phoenicia and Egypt, Civilization and Commerce flreeco in- 
inade their way to a quarter destined to become a copious <kl»ted to 
fountain of instruction to the rest of the World. The 
easy access to Greece from the comparatively improved am 
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Commerce. Countries in the South and East, was a most fortunate 
circumstance. While the early annals of so many .na- 
tions are replete With traditions of war and rapine, those 
of Greece bear testimony to the useful Arts introduced 
into their Country by foreigners, who became the founders 
of cities, the instructors of the rude inhabitants, the 
patrons of Agriculture and Navigation. These occur- 
rences appear to have taken place for the most part about 
.. v ten or eleven centuries before the Christian Era, a time 


Extent of 
lu r colo- 
nic*. 


In Asia 
Minor. 


Ill Italy. 


Ill Sic'dy. 


at which Egypt had been for Ages in the enjoyment of a 
regular Government, and the seat of a considerable po- 
pulation. The improvements thus introduced into 
Greece, and the gradual increase of her towns, of Argos, 
Myceme, Athens, Thebes, Sparta, Elis, Corinth, brought 
the Country iuto tha state in which it is so clearly de- 
scribed by Homer ; who, whatever may be thought of 
his embellishments and exaggerations in some respects, 
is entitled to our full confidence when describing the 
limits of the respective territories, the state of Society, 
and the degree of Civilization existing in his time. To 
the accuracy of his Geographical descriptions an ample 
testimony is borne by th$ writer of all others the best 
qualified to judge, we mean Strabo. 

The Age of % Homer is generally placed about eight 
centuries before the Christian Era. The progress of 
improvement in Greece was afterwards checked by in- 
testine troubles. The Dorians, a rude Tribe from the 
North, invaded the Peloponnesus, and succeeded in ex- 
pelling from it the descendants of Pelops the Princes of 
the second or third generation after those who arc de- 
scribed by llomer as governing the chief part of the 
Peninsula. This invasion is called in History the Return 
of the IferaclidiL*, and is considered to have taken place 
about eighty years after the war of Troy. The expa- 
triation which followed was termed the Eolic migration, 
the exiles taking their course Northward in the direction 
of Thrace and Phrygia. Iti Athens the line of succes- 
sion being altered hi consequence of political events, 
the sons of the last King led a colony to the opposite 
const of Asia Minor, where Ephesus and a number of 
other towns soon rose to importance ; this wus called 
the Ionic migration. Rhodes, eventually so important 
as a place of trade, was one of the earliest colonics of 
the Greeks; Cyrene, on the North coast of Africa, was 
another, while the almost equally remote island of Cyprus 
was settled partly by Phoenicians, partly by Greeks. But 
the principal fdleign settlements of the Greeks were to the 
West, in Italy and Sicily. In Italy they founded suc- 
cessively Cuma, Rhegium, Tarentum, Thurium, Bruu- 
dusiutn; In short, nearly half the maritime towns in the 
South. In Sicily they founded Syracuse, Agrigentum, Ca- 
tania, Messina, Leontini, and a number of other towns, 
all on or near the coast, so as to keep up a Commercial 
intercourse with the Mother Country. Of these various 
migratious the earlier were compulsory,, arising from 
political dissensions at home ; but when the advantage 
of a change of residence became duly appreciated, suc- 
ceeding removals took place voluntarily, and for the 
purpose of improving (as in the emigrations now making 
to our North American colonies) the circumstances of 
Individuals. The motives and inducements were similar 


in either case : the territory of the parent States in 
Greece was limited ; population was progressively in- 
creasing ; and land, as in modern Europe, was high- 
priced, while in the colonies it was granted to settlers 
on very easy terms. Hence, the rapid increase and 
eventual prosperity of several of the Grecian colonies ; 


of Sybaris, Orotona, Tarenlum, but iu particular of Comm. re. 
Syracuse, which attained a degree of population •„„( < - - 

wealth beyond that of any city in Greece, not e \.-n 
excepting Athens. 

No Country is better situated than Greece for cairv-Tho 
ing on intercourse by Navigation. Its coast is nf gim ofUim* 
length, and indented in many parts by ihe sen, A icier- 
ence to the Map shows no less than ton extcnsi\e inlets lu ht* 
similar to that of the Gulf of Corinth, each provided 
with one or more good harbours. Hence an early 
acquaintance with Navigation, if that name can with 
propriety be used in the case of bnrks without docks, 
propelled In general by oars, unprovided with anchors 
and having only one mast which was raised or taken 
down according to circumstances. Such was the Greek 
marine in the time of Homer, and during the three cen- 
turies which elapsed between the Age of that Poet and 
the national improvements which preceded the invasion 
of Greece by the Persians. 

The inland territory of Greece, mountainous and im- Ilcr inland 
provided with roads, was not favourable to Commercial territory, 
intercourse, or to the progress of National improvement 
as far as it depends on the union of several Slates 
into one. It was, however, highly favourable to the 
good government of small communities. Each town 
had its adjoining plain which supplied provisions and 
other requisites : the compact position of the population 
enabled than speedily to unite and cooperate if their 
freedom was threatened by a neighbouring State, or by 
an ambitiuus citizen at home. There was in those 
petty Republics, no distant Province supplying cither a. 
tribute or n military force which miuht be directed 
against the rights of the citizens. The public revenue 
proceeded wholly from the latter, and the military esta- 
blishment being composed entirely of them. alT had a 
similar interest in resisting an i of /h? Cc di- 
lution. Hence arose the independence of the. different 
States of Greece during several centuries, and an ad- 
vance in Commerce and productive industry gcucrallv, 
greater than would have taken place under an absolute 
Government. 

Still the Navigation and Commerce of Greece were Hortrido 
very limited even in her most prosperous time : they badl^l. 
took place chiefly between the Mother Country and 
the colonies planted in Italy and Sicily to the West ; 
in Ionia in the East, and in Thrace in the North. The 
more distant voyages of Grecian traders were, in a 
Southern direction, to Egypt ; in a Northern to Trebi- 
zond on the Euxine, and to the coasts of the Adriatic. 

In a Western direction they hardly ever ventured be- 
yond Sicily, leaving the maritime intercourse with 
Spain, Sardinia, and the South of Gaul to navigators of 
a bolder character, the Carthaginians. 

The extensive conquests cf Alexander the Great gave Alexandria 
rise to new arrangements in regard to the trade of Greece E»ort. 
with Egypt and India. The obstinate resistance made 
to his arms by Tyre impressed him strongly with the 
resources of a maritime State, and as he ascribed the 
chief part of the wealth and power of Tyre to its trade 
with India, it* was natural that, after destroying that 
city, he should seek to establish a naval station in a 
position adapted for carrying on both that and other 
branches of Commerce. Such a position he soon dis- 
covered near the Western mouth of the Nile, where 
Alexandria, founded by him, became, and continued for 
many centuries, the chief Commercial city in the East of 
the Mediterranean, and after the ruin of Carthage, in 
’ w 2 
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Commerce, the World. Its situation was well adapted for the in- 
tercourse of Egypt with Greece, Italy, and other Coun- 
tries; the Nile bringing to it the various products of the 
interior, and atFording, oil the other hand, a rapacious 
inlet for imports. In regard to the trade with Arabia 
and India, Alexandria possessed, still more than Tyre, 
the advantage of a ready access to the Red Sea. 

Of Carthage . 

Carthage: Such was the Commerce of Greece in different Ages: 

magnitude at no time, it must be admitted, was it of so much im- 
ofher portance as might have been expected from her extent 

trade. of coast and advanced Civilization. Carthage, on the 

other hand, was altogether Commercial. Founded by a 
colony from Tyre, she soon equalled and eventually far 
surpassed the parent State. The sphere of Carthaginian 
Commerce was in the West of the Mediterranean ; in 
Mauritania, Spain, the South of Gaul and Sardinia; like- 
wise in Sicily and Libya. Tt extended also beyond the 
Straits of Gibraltar, in one direction to the coast of 
Morocco, in another to Portugal ; or, as is often as- 
serted, to the Western coast of France and the English 
Channel, where tin was a great object of attraction to 
the merchants. Tradition states that Carthaginian ex- 
peditions, equipped ut the public expense, carried their 
discoveries greatly beyond these limits ; to the Baltic 
in the North and to the remotest part of Africa in the 
South. But all that is known with certainty is that 
such voyages were attempted by order of Government ; 
that ITauno was commander of the Southern, Himilco 
of the Northern expedition. Unfortunately the records of 
both have perished, and in the absence of other cvidrncc 
(he probability is that the African squadron did not carry 
its discoveries beyond the C anary islands, in the 28th 
degree o f Nuv<j\ latitude. If we thus circumscribe the 
maritime progress of the Carthaginians, we can have no 
hesitation in restricting our belief in respect to that of 
the Phoenicians ; and in treating as an amusing fable 
their alleged circumnavigation of Africa, related to 
Herodotus by Egyptian Priests. 

Iler poli- Wc shall not, however, incur the risk of exaggerating 
tical you Or. w } 1cll we ascribe to Commerce the origin of- that \>o\ver 
which enabled the Carthaginians to carry on exten- 
sive wars and to inflict severe blows on the rising 
greatness of Rome. Fortunately for the latter, their 
contests did not begin until Rome had extended her 
dominion o\er nearly all Italy, and possessed, in her 
citizens and allies, a population capable of speedily 
repairing the enormous waste of life sustained in the 
conflicts of Trebiu, Thrasymciie, and Canute. Of the 
progress of the Carthaginians in the useful Arts our 
means of judging are extremely imperfect in consequence 
of the destruction of their Capital ; but from the num- 
ber of their settlements, and the amount of their public 
revenue, there is reason to think that theii productive 
industry must have been carried to a great extent: 
while the proportion of eminent melt in the direction of 
' their councils and armies, affords, to a certain degree, an 
' argument in favour of their institutions. The charges 
brought against the Carthaginians by Livy and other 
Roman writers, arc to be received with considerable 
distrust. Had not this State been unhappily cut short 
in its career, had time been given to it to improve the 
National education, to extend and mature its Com* 
mcrcial undertakings, there is every reason to conclude 
that it would have proved a great example of the 


benefits arising from persevering industry, and have Commerce, 
materially conduced to the advancement of general 
Civilization. 

Of Rome. . 

The situation of the Romans in respect to Commerce 
was altogether different. Their military habits, and the mans 
want of a convenient seaport for their Capital, estranged * verse from 
them from naval pursuits. They constructed galleys for Navigation, 
the sole purpose of opposing the Carthaginians, and 
their frequent losses from tempests, consequent on the 
unskilfulness of their mariners, rendered them averse 
from augmenting their navy. In the lid Funic War, 
the great operations were by land: hostile armies in- 
vaded .the heart of their territory, and the expeditions 
requiring shipping, we itieau those to Spain and Sicily, 
were of subordinate importance. At the close of this 
eventful struggle the power of Carthage was so much 
broken, and the dominion of Rome, first over Sicily, 
afterwards over Greece, became so absolute, as to give 
her the command of whatever naval power those Coun- 
tries possessed, and to make it unnecessary to augment 
her shipping at home. r Jliis was still more the case 
after the course of events had added Asia* Minor, Syria, 
and eventually Egypt, to the Roman Empire. The 
whole of the coasts of the Mediterranean w:is now sub- 
ject to one Power; no maritime district ventured to 
attack another; and piracy, hitherto a great annoyance 
to Navigation, was effectually checked. 

Such happily was the state of Roman Commerce during 
several centuries. An extensive trade was carried on 
between the Capital and the Provinces, in particular with 
Sicily and Egypt for corn; but the Government dis- 
covered no wish to transfer to Roman citizens the 
management of the shipping thus employed; they left 
it in the hands of its subjects at Alexandria and other 
remote seaports, became they saw no political motive 
for desiring its removal. The Imperial Rulers, strong 
in their military means, had no apprehension of any 
maritime city or district presuming, by means ot its 
shipping, to resist their decrees ; and they knew it to 
be impossible that a State so situated should cooperate 
with the uncivilized Tribes on the frontiers of the Em- 
pire, such as the Germans Dacians, or Purthiaus, now 
the only enemies of the Roman name. 

This era of general Peace, particularly maritime N’iivigitfou 
Peace, was favourable to distant voyages, so that the *' ,,,,Sf l*-«l to 
most cautious inquirer may now give his belief* to a 
Commercial intercourse between the Mediterranean nml 0 
the South of England, carried oh partly direct, partly 
overland through France. Such intercourse subsisted 
likewise with the German Tribes at the mouths of the 
Elbe and Weser, and, in a slight degree, with those in 
the Baltic, particularly in Prussia. In a very different tivlto Io- 
quartcr, wc mean in the Red Sea and the Indian Ocean, dia. 
considerable improvements took place in Navigation, in 
consequence of mariners becoming acquainted with the 
monsoons nr periodical winds of that part of the World. 

Taking their (departure from the mouth of the Red Sea on 
the setting in of the Western monsoon, they no longer 
confined themselves to the slow, circuitous method of 
sailing along the shore, but stretched boldly across the 
Ocean to the coast of Malabar; .where, receiving their 
cargoes, they returned with the Eastern monsoon, so 
as to finish their voyage from the Red Sea to India 
and buck, within the year. The uniform direction of 
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CommeNe. the wind supplied the want of the mariner’s compass, 
and enabled them to reach their* destined ports with 
little deviation. The number of vessels employed iu the 
trade between the Red Sea and India was above one 
hundred ; and as, in those remote Ages, Europe could 
supply lew commodities useful to the natives of India, 
a yearly export of silver was required to purchase the 
homeward cargoes. The amount of specie thus sent 
'•from the West to the East is computed by Pliny at a sum 
equal to -C400,000«sterling a year ; a considerable amount 
certainly, but far below that which might be inferred 
from the lofty tone in which I)r. Robertson and others 
treat the Commerce "with India. 

Of the Middle Ages. 

Tin* Roman We have now traced the History of Commerce to the 
vaar'aby 1 period (the middle and latter part of the Vth Century) 
the t.nt l is when the Northern Barbarians made their way into the 
ami lluns. Human Empire ; into Gaul, Spain, Italy, and Africa. 

The consequences, in a Commercial sense, were very un- 
fortunate, suspending in each of these Countries the 
free intercourse so long enjoyed under a common Govern- 
ment. The Empire was now' divided into a number 
of separate anfl unconnected States; Navigation became 
unsafe ; the roads, made with care by the Romans, were 
neglected. The increase of the population of towns, 
the best evidence of the extension of productive in- 
dustry, was suspended. Many towns were plundered; 
others were subjected to repeated contributions ; pro- 
perty was unsafe under the control of rude and lawless 
invaders ; manufacturers and artisans withdrew or rather 
\ ruin* Hed with their families to places of safety. Hence the 
lt . a .i!ul; its origin of Venice in a very singular position; t tie town 
* )0 * n g built on a collection of small islands, separated 
liusi ion. i* rolIl the main land by shallow' lagoons. It was thus 
protected from attacks by land, and, in some degree, by 
sea, as vessels above a certain size could approach the 
town only by channels, from which it was easy for the 
inhabitants to remove the poles or buoys which pointed 
out the intermediate sandbanks. The result fully jus- 
tified the confidence of the founders of Venice in ils 
means of defence ; for though its wealth soon became 
so extensive as to oiler great temptation to predatory 
bands, it defied their violence, and never, until the 
present Age, saw a hostile force within its walls. 
Constants Constantinople, in like manner, was long preserved 
nopie. amidst the general invasion of the Empire. Protected 
by its fortifications, it continued. an asylum for the pro- 
perty of merchants, a centre for the intercourse of the 
seaports in the Mediterranean and Euxinc which still 
earned on trade. Its communication with Alexandria 
was maintained even after the loss of Egypt; and its 
traffic with Venice proved one of the main causes of the 
Intercourse increase of that city. With India also it preserved in- 
with India ter course to a certain extent, after the occupancy of 
hy.tho Cas- Egypt by the Saracena had interrupted the usual chaii- 
pian -em. |le | n f navigation by the Red Sea. The route then 
adopted by merchants was very circuitous: goods were 
transported from the coast of Malabar to the Indus ; they 
were made to ascend that river aa far as was practicable, 
and thence carried by *land to the Oxus, down the 
stream of which they were conveyed to the Caspian Sea. 
After traversing that9ea, the vessels entered the Wolga 
and sailed tip its stream, until they reached the part ad- 
jacent to the Don : there the goods were unshipped, car- 
ried by land to the banks of the Don, and embarked in 


boats which proceeded to the mouth of that river in the Commerce. 
Euxinc, where vessels from. Constantinople waited their 
arrival. So long and expensive a conveyance was suit- 
able only to goods of which the value was great coni, 
pared to their bulk ; to silks, cottons, and spices, which 
have at all times been the principal exports from India. 

Another and a much more direct route lor merchan- 
dise from India, was by sea from the coast of Malabar 
to the Persian Gulf, and thence up the Tigris to Bag- 
dad, or ip the less rapid stream of the Euphrates to 
latitude 3-1°. There the goods were landed and con- By Pal- 
veyed acioss the Desert first to Palmyra and afterwaids «»J ra - 
from that city to the coast of the Levant. To this trade we 
are inclined to ascribe the extent and wealth of Palmyra; 
a magnificent city raised in the midst of Deserts. The 
chief objection to this route was the danger to the cara- 
vans from the Arabs ; and as that hazard could nut he 
removed in such a Country and under ^he political cir- 
cumstances that ensued, the merchants trading with 
India gladly embraced the earliest opportunity of re- 
suming the former route; vis . from Malabar to the 
upper part of the Red Sea, thence by laud to the 
Nile, and dow^n that river to Alexandria, whence the 
merchandise found its way to many distant ports, in 
particular to Constantinople, Venice, and Pisa. 

Among the chief sen polls in Italy during the Mid- Seaports in 
die Ages, Pisa, a place of great antiquity, took a lead, * , ‘ stu 
so early as the Xth Century. It was limit on the 
banks of the Arno, not at the mouth of that liver, but 
about three leagues inland, a precaution often adopted 
in a rude Age, to avoid or at least to lessen the danger 
of attack from the sea. A rich and spacious plain 
surrounds the town, which is of considerable extent, its 
walls having a circuit of six miles. The Arno is here a 
full, majestic stream, dividing the town into two nearly 
equal parts: the quays are spacious, extending along either 
bank from one side of the town to the other. It irttd 
become a seaport of consequence before the Crusades, 
and like Venice and Genoa increased ils shipping con- 
siderably at the time of those expedition*. The chief 
sphere of its Commerce was the \\ esteru coast of Italy, 
the shores of .Sardinia, Cor>ica, and Sicily. It kept up 
an armed force of guile) s, and held as a Commercial 
town a rank equal to Genoa, until the population and 
wealth of the latter increased in the XI 1 1th Century. 
Circumstances are now greatly altered ; in the early 
pail of the XV th Century Pisa became subject to Flo- 
rence ; and Leghorn, being in the immediate vicinity of 
the sea, has gradually absorbed the lureign trade of 
this pail of Italy. 

Genoa, in like manner, is a town of old date, having Genoa, 
been a place of trade before the year 1000. and becoming, 
some time after, the Capital of an extensive territory ; 
the petty States around incorporating themselves with it 
for the sake of protection. Acting iu concurrence with 
Pisa, Genoa recovered Sardinia from the Moors, ob- 
tained subsequently several valuable settlements iu the 
Levant, and had factories or mercantile establishments 
ai Constant inoplc for the deposit of goods imported 
from Asia Minor and India. She acquired also the 
Island of Corsica, and iu Sicily held Syracuse on account 
of its excellent harbour. This favourable career re- 
ceived, however, a check by a maritime war with 
Venice iu I he latter half of the XI Vth Century which 
proved very injurious to both. In t lie next century 
Genott was disquieted hy party contents among her pim 
Cipul citizen*. These were of long continuance, and had 
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Commerce, attained a great height, when, towards the beginning of 
the XVIth Century, Audrea Doria, so well known as a 
naval commander, found means to effect a reconciliation 
among his fellow-citizens. 

Genoa is favourably situated for trade, having a har- 
bour in the form of a half moon, above half a mile in 
diameter. It is enclosed by two strongly constructed 
moles, one on the East, the other on the West : it can 
admit vessels of great draught, and is protected .from 
most of the prevailing winds. On the land side, also, 
Genoa has considerable means of defence, the town 
standing on the ascent of a hdl the upper part of which 
is surrounded by a double wall : the outer wall is of 
great extent, and the inner has a circumference of no less 
than six miles. Viewed from the sea, the town and its en- 
virons present the form of an amphitheatre and have an 
appearance of great magnificence. 

These Cities, together with Venice, were the chief 
seajwrts of the North of Italy during the XI 1th and 
XI J 1th Centuries, when the North and West of Eu- 
rope sent forth so many successive expeditions to the 
Holy Land. The rude warriors engaged in these en- 
terprises, accustomed to see the lower, orders in the 
humble condition of serfs, and acquainted with hardly 
any buildings but a Baronial castle and its adjoining 
village, were struck with admiration at the regular 
streets, the intelligent population, and the numerous 
shipping of the Italian seaports. 

Towns on- The same superiority was manifest in the North 
franchised, and West, on a smaller scale, in a number of the inland 
In Ii«ily. towns of Italy, which had by this time obtained their 
independence and formed themselves into communities, 
with a regular municipal Government. Some of the 
larger towns acquired their independent Constitution by 
Grunt or Charter from the Emperors of Germany, for 
which they paid, largely; others, at a less expense, by 
GrKht from a neighbouring Prince ; while a third class of 
towns, more distant from a controlling power, declined 
to acknowledge any superior, and assumed a Consti- 
tution of their own accord. 

In the N Of the towns in the Netherlands, several had by this 
thtrluuda t j me aC q U i re j independence, and the example thus given 
in the two most improved Countries in Europe was soon 
In France, followed in France. There, the Sovereign reigning in 
the early part of the Xllth Century (Louis ie Grot) 
set to his Barons an example of enfranchising all towns 
and considerable villages situated in the domain of the 
Crown.* He abolished all marks of servitude among 
the inhabitants of those towns and villages, empowering 
them by Charter ( charte da communau(c) to form 
themselves into Corporations to lie governed by a Coun- 
cil and Magistrates of their own choosing. The Magis- 
trates were invested with the right of administering 
justice in the town and adjoining district; of levying 
assessments, and of training to the use of arms the 
militia of the town, that they might enter on service 
when required by the Sovereign. The example thus 
given in Prance by the King was followed by many of 
the Barons, who, - impoverished by the Crusades and 
other expensive enterprises, gladly embraced au oppor- 
tunity of recruiting their finances by so easy a process 
as the sale of Charters to the towns within their terri- 
tories. In less than two centuries the towns in France, 
small as they in general were, became so many free 
Corporations, instead of places devoid of jurisdiction or 

* See Huron*, ch. lxxiii. p. 615. 


privileges. A corresponding course was pursued about Commerce* 
the same period in Germany, where the chief trading 
towns, such as Ulm, Augsburg, Nuremberg, and Frank- I» Ger- 
fort, were declared w free cities of the Empire.” In 
Spain and E ngland immunities were granted on a 
similar plan to the chief towns and villages ; as was 
done somewhat later Scotland, in those days a very 
backward and thinly peopled Country. 

These Historical facts enable us to judge of the origin?/’ 
progress, and eventual extinction of the Feudaj System. * 

The leaders of the uncivilized Tribes which overthrew 
the Roman forces, and occupied. successively the differ- 
ent Provinces of the Empire, rewarded Xheir followers by 
extensive Grants of land over which they ruled as petty 
Sovereigns, there being in fact hardly any other autho- 
rities .Military or Civil at a distance from the Capital. 

The population was theh almost wholly agricultural ; the 
villages were few iu number and the towns still fewer. In 
the course of time, particularly under Charlemagne, the 
population of towns and villages increased and a degree 
of improvement took place; so that by the Xlth and 
Xlith Centuries a number of places had become ca- 
pable of forming Corporations, and desirous of having 
the management of their local concerns. ^By the Grants 
or Charters already mentioned, the Prince or Baron on 
whom the towns were dependent, conferred the rights 
which they desired; which, by exempting mercantile 
intercourse from arbitrary imposts, gave security to pro- 
perty in transit, and proved highly conducive to the ex- 
tension of trade. 

The admiration excited in the Crusaders by the chief fonsfanti- 
towns of Italy, was felt in a still stronger degree at the 
sight of Constantinople, the only Capital which had ( , j ,rn i t ‘7? 
escaped the ravages of the Barbarians. The Franks, as wuJ mut • 
the natives of the West of Europe were termed in the 
Levant, saw there a city on a great scale, having, as 
they described it, “ extensive walls, lofty lowers, superb 
churches, and splendid palaces” “ We could not ” says 
a Historian of the Crusades, “ have believed that there 
was in the world a city so beautiful and so rich.” Con- 
stantinople, in the Xllth and XJIIth Centuries, was 
still the seat of various manufactures, and carried on a 
considerable trade with foreign parts; with Egypt, with 
India by way of Alexandria, with Venice, Pisa, and 
Genoa. The intercourse thus maintained. Iietwocn the 
Italian seaports and the Greek metropolis, during the 
Middle Ages, was one of the principal lioks by which a 
knowledge of useful Arts was preserved, aud the pro- 
ductive industry of the Ancients connected with that 
of the Moderns. The Crusades had at least one good 
effect, that of extending national improvement ond of 
imparting to the unlettered inhabitants of the West and 
North an idea of the Civilization of the South and East 
of Europe. 

The increase of Venice was very gradual, and its ulti- Venice': ita 
mate greatness was the consequence, not; as is vulgarly gradual ii^ 
supposed, of any single cause, such us the trade with crea f^ 
Alexandria for India goods, but of the natural growth of 
population and capital in a prudently managed commu- 
nity. In the Xllth and Xillth Centuries, the era of 
the Crusades, its power hud become such as to enable it 
to occupy several islands and maritime districts of the 
Greek Empire favourably situated for trade, in particu- 
lar the Ionian Islands, the Morea, and Candia. These 
remained long in possession of Venice, while on the 
main land of Italy she possessed the rich territory In 
which are situated Padua, Verona, and Vicenza, as well 



C O M»M E R C E. 


Commerce, as Friuli* a fertile and extensive Country to the East, 
■v-***-' acquired about the yeaf 1420. 

Its maiiu. The manufactures of Venice, though not extensive in 
i.icturos. anyone branch, were, as a whole, great from their va- 
riety ; they comprised silks, lace, jewellery, stuffs of 
gold and silver, mirrors, and, to a certain extent, wool- 
lens and linens. An enumeration of articles so different 


nnd so unconnected with each other, may seem strange 
♦o an English reader, accustomed to see a particular 
manufacture conducted on a great scale, but confined to 
tile districts which are fitted for carrying it on by possess- 
ing local advantages, such as an abundance of fuel, an 
extensive communication by water, or the growth of the 
raw material in the vicinity. But in former times cir- 
cumstances tverc very different ; a single manufacture 
would not have been worth following by many pe/sons 
in one town, so small was the consumption in a given 
district, so difficult the conveyance of any bulky articles 
to a distance, lienee a multiplicity of manufactures were 
established in one city, such as Venice, although the mate- 
rials for them were not produced in its vicinity ; they were 
brought to it from various foreign ports, and collected 
on one spot, an advantage which, joined to the presence 
of a considerable population and a consequent large 
supply of worWncn, outweighed the cheaper living of 
Provincial towns, cut off, as the latter generally were, 
from the requisite supplies, by want of capital, bad roads, 
and insecure communication. 


Its policy. The form of Government in Venice was a 1 -st demo- 
cratic, but assumed ail aristocratic character in the 


Xrirth Century, after extensive trade had caused the 
accumulation of large property in a certain number of 
families. In regard to lbrcign States, the policy of Venice 
was generally pacific ; yet it had to sustain, in 1508, the 
attack of a formidable Coalition, named the League of 
Cambray from the town in which the aggression was 
planned. Nor could Venice avoid taking a part in the 
repeated contests between France and Austriq, for the 
rich territory of Lombardy ; contests which were carried 
on with great eagerness in the reigns of the Emperor 
Chailcs V. and of Francis I. The. condition of Venice 


at that time bore a considerable resemblance to that of 


Holland a ccmtury later. Pacific herself, her frontier 
was threatened by the struggles for the Milanese, a 
Country not unlike Belgium ; and though feeble in native 
soldiers, she was strong by the power of subsidizing; for 
her Government raised money at very moderate interest, 
while powerful Sovereigns were obliged to pay a very 
high rate, or to desist wholly from their attempted loans. 

The naval force of Venice in those days consisted in 
galleys, and was kept up to protect her traders against 
the Barbary Corsairs as well as to resist the attacks of 
the Turks c si Caiulia, the Morea, and other territories in 
the Le\ant. 


Its Bank ; The Bank of Venice, the earliest establishment of the 
o'^r 1 ' °f kind in Europe, and which has served as a model to so 
^ ,nan y Hanks in other Countries, was founded in the 
middle of the XHth Century. The merchants of the 
North of Italy, being the first in modern Europe who 
became considerable in trade, were the authors of jnany 
valuable inventions and improvements, such as the use 
of bills of exchange, and the practice of keeping mercan- 
tile books by double entry. To these was added a system, 
fair in itself and heneficial so long as it w as followed in 
moderation, but the abuse of which has entailed a heavy 
burden on several Countries, above all, ou England — 
we mean the Funding system ; the practice of creating 
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and selling Government stock. Its oripru, was ns fol- Commerce, 
lows. The Government of Venice having found it 
necessary to borrow money from the piihlic Bank, 
and apprehending that it Vould not for muny years- 
be able to repay it, adopted the plan of making* it 
transferable from one person to another. This arrange- 
ment was judicious, and prevented loss or coinplaint’rm 
the part of the creditors of the State; the value of the 
stock was maintained, because the credit of the Govern- 
ment was good, and it found a ready sale on the Ex- 
change because the number of jiersoiis desirous to pur- 
chase stock was fully equal to those who from time to 
time were inclined to sell it. This practice, adopted in 
Italy so early as the XVth Century, was followed by 
the Government of Holland after the year‘1600; by that 
of England not till 1688. These dates are useful in dis- 
tinguishing the respective periods ai which monied capi- 
tal became abundant in each Country ; for the Govern- 
ment of each was, we may be assured, disposed to have 
recourse to this tempting expedient long before, and 
was held back only by the limited niean& of their 
subjects. 

The population of Spain in the Middle Ages, though Spin: size 
scanty on the whole, was, to a certain extent, concentrated oflur towns 
in towns. This arrangement was necessary for mutual ^ 
protection in the wars with the Moors," the open country u L 
being unsafe when hostile incursions were frequent, 
and u town being the only fit station for the troops, 

(chieily cavalry,) which were kept either to repel an 
attack gr to carry devastation into the Moorish territories. 

There are no authentic returns of the population of 
Spanish towns iii the Middle Ages, but we can by no 
means agree with the writers who, like Dr. Robertson, 
lend credence to the traditionary reports of their magni- 
tude. Tile task of rearing* a family is in general so dif- 
ficult that, in the absence of correct returns, we may 
safely take for granted that the progress of population 
has been slow, except under peculiarly favou table cir- 
cumstances ; such as those of a colony having both an 
ample territory to cultivate, and a connection w'ith an 
old Country for a supply of settlers and the sale of 
its products. Such was the case of the Greek colo- 
nies in Ionia and Sicily, and sucli at present is the case 
of tiie United States of America. Spain had no such 
advantages^ neither hud she, like Italy in the Middle 
Ages, an agriculture of old date, nor, like the Nether- 
lands, the means of easy intercourse by water. What- 
ever we know of the History of Spain tends to show 
that there, as in most Countries of Europe, population 
increased very slowly during the Middle Ages ; and as 
there is very little truth in the alleged drain of her n- 
habitant? to America, the only safe inference is that in 
former times, as at present, Spain was thinly peopled. 

Her surface is mountainous, and her agriculture often 
sutlers from want of water; a want likely to lx*, strongly 
felt in times when, from deficient machinery, irrigation * 
was much less practised than at the present, day. 

The trade and manufactures of the Spaniards appear t o 
have been confined to the supply of their own want> ; their 
foreign intercourse w as very limited. Cadiz and .Madrid, 
now their chief cities, were in those days inconsideiable. 

Seville was of more importance,* but whoever examines 
attentively the position of that town, the limited imita- 
tion of its river, or the general poveity of the tunes, 
must be satisfied that the reports of its former population 
and splendour were greatly exaggerated. Still more 
does this hold in regard to other towns, such asTm-tobitJ 
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Commerce. Tarragona, Saragossa, Cordova, anil all of which there is 
reason to consider were of less importance in former Ages 
than at present. 

The Hanse. Towns . 

The Association of the Hanse Towns was formed in 
the XII 1th Century, and subsisted above three hundred 
years. Its object was to provide security for mercantile 
property at a time when the different Governments Of 
the North of Europe, stinted in their financial means, 
and seldom guided by fixed rules, afforded such security 
in a very limited degree. The first point with the Con- 
federates was to i epress the seizure of merchant-vessels 
by pirates and the robbery of goods conveyed by land ; 
the next was to obtain justice in regard to the claims of 
merchants in Courts of Law. In those rude times it 
was the custom to consider a stranded* vessel and her 
cargo as lost to the owners, and as having become the 
property of the Baron whose lands lay along the part of 
the coast on which the wreck took place. It was further 
customary, when a merchant died at a distance from his 
home, for the Magistrates of the town or district in which 
he died, to put au arrest on his property, the removal 
of which became a matter of great difficulty. And if he 
died in a strange Country, indebted to any of the inha- 
bitan Ls it was not unusual with the Police to imprison 
the first of his Countrymen they could find and oblige 
him to pay the debt. 

Origin, The town which took the lead in forming this Asso- 
ciation was Lubcck, the trade of which had become con- 
siderable in the Xlllth Century, chiefly from its position. 
Situated at the South- Eastern point of the Baltic, it 
was the natural entrepot for the trade of Prussia, Poland, • 
and Livonia with the North-West of Germany; in the 
same manner as Hamburgh, from its ready access to the 
North Sea, was the fit port ibr communicating with the 
Netherlands and England. The distance between these 
towns by land being small, (only forty miles,) frequent 
conferences took place in regard to their mutual inter- 
ests, and the result was their concluding a Treaty in the 
year 1241, by which the two cities bound themselves to 
use their utmost efforts for the protection of trade by 

Progress, sea and land. Brunswick, the chief inland town in the 
North-West of Germany, and connected in trade with 
both Hamburgh and Lubcck, was not long in acceding 
to the Treaty, and, in 1252, Deputies from each of the 
three met at Lubcck, where, among other arrangements 
' of importance, they took steps for establish ng factories 
in LoudoS and Bruges, as well as in a very different 
quarter, Novogorod in Russia. They assumed the 
• name of llan je, from an old Gorman word signifying a 
Union or Association, and being, of course, open to new 
inemlxT.s, they were joined in the course of the next 
century by a number of cities and towns, such as Am- 
sterdam and other seaports in the Netherlands ; Dant- 
• zic, as well for itself as for the lesser towns in the North 
of Poland; and Cologne for the different trading places 
on the Rhine. In the XV ih and XVIth Centuries, when 
the Confederacy maybe said to have attained its highest 
point, the League comprised no less than sixty-four 
commercial towns, and was capable of asserting its rights 
by arms, by carrying on naval operations on a large 
scale. Their power was repeatedly felt by their neigh- 
bours. Thus the passage of the Sound by merchant- 
men being under the control of the Danish Govern- 
ment, which tried more than once to impose an arbitrary 
«l»U or tribute on the passage, the Hanse Towns equipped 


a fleet on each occasion, and obliged the Danes to desist Commerce, 
from their claims. 

Such were the motives for forming and maintain- 
ing this Confederacy ; we come now to the causes 
of its dissolution. As Civilization diffused itself in an<l Decline, 
the North of Europe, and the different Governments 
made a' point of protecting trade, as well by sea as in 
their respective territories, less exertion was required on 
the part of the Hanse Towns. It became evident also 
from the example of Holland, that trade prospered most 
when each seaport, or each mercantile district, was left 
to manage its own concerns. Hence a gradual relaxa- 
tion in the bonds of the Confederacy ; so that during the 
last two centuries the name of Hanse Towns has been 
confined to Hamburgh, Bremen, and Lubcck. 

Tl\fse towns have still mercantile Consuls in London 
and elsewhere, but they arc occupied with the concerns 
.of their constituents only ; not with those of the former 
members of the League. 

Of the trading towns in the North of Europe, the Bruges, 
most remarkable in that early period (the Xlllth and 
XIVth Centuries) was Bruges. In those days of im- 
perfect Navigation, to make a voyage from the Mediter- 
ranean to the Baltic and to return before the end of 
Summer, exceeded the ability of the fhariner j hence 
the advantage of an intermediate station in which vessels 
arriving from the South might at once laud and deposit 
their silks, wine, and other com modifies, taking on board, 
in return, a cargo of the more bulky but equally useful 
products of the North. Bruges was fixed on by the 
Hanse Towns for this purpose ; its. situation was cen- 
tral ; the adjoining country was well cultivated and 
peopled ; while the town, nearly twelve milcS distant 
from the sen, was beyond the reach of piratical incur- 
sion. Bruges had no navigable river, but it was the 
point of junction of several canals, and the one leading 
to the sea was of ample breadth and depth. The extent 
of ground occupied by the town was great, but the po- 
pulation, perhaps, at no time much exceeded the present 
number, forty thousand, for, in consequence of unfor- 
tunate differences between the citizens and the Govern- 
ment of the Netherlands, much of the foreign trade of 
Bruges was transferred to Antwerp towards the close 
of the XVth Century, the time at which it was about to 
become greater than ever, because the mercantile inter- 
course of the North of Europe began then to acquire a 
great extension. • 

The large vessels which were now coming into use, Antwerp, 
and which required considerable depth of water, gave 
an additional value to so fine a port as Antwerp. The 
Scheldt is there much brooder and deeper than the 
Thames at London, and there are ample means of inland 
communication l>oth by that and other rivers. The 
XVIth Century was the time at which these advantages 
were turned most effectually to account. English mer- 
chants fixed their staple at Antwerp instead of Bruges ; 
vessels repaired thither from the South as from the 
North of Europe ; the city walls were successively en- 
larged so as to contain the increasing population ; and 
the trfule of # London lieing then only in an incipient 
state, Antwerp was, as regarded foreign intercourse, the 
most busy seaport in the North of Europe. Unfortu- 
nately her fair prospects were marred by political dis- 
sensions ; by the arbitrary conduct of the Spanish Govern- 
ment under Philip II., and by the war that ensued, ’leading 
in 1585 to the memorable siege and capture of the city. 

Many of the merchants then removed to Amsterdam, 
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Commerce nild directed thither their consignments of goods. Ami 
in tin* following century, when the war was suspended, 
ami all was tranquil in the Netherlands, the Dutch 
having the command of both sides of the Scheldt, effec- 
tually prevented the revival of the trade of Antwerp, 
laiuburgh. Hamburgh, more fortunate than either of the above 
towns, has in general escaped an interruption of its trade. 
It was founded at an early date, and was originally 
little more than a fortress; but the advantage of its 
position brought it trade ami population, as the Civiliza- 
tion of (lie neighbouring Countries advanced. Subject 
for a time to the Counts of Holstein, it gradually ob- 
tained an extension of its privileges, became virtually 
independent, and continued so after that Province 
was incorporated with the Kingdom of Denmark. In 
the extent of its water communication Hamburgh may 
be compared to a Dutch seaport. An arm of the 
Kibe forms there two harbours, one on the East tor 
boats, another on the West for ships. Another river, 
the Alster, forms beside the town a large basin resem- 
bling a lake, and within the town another ofless extent, 
which serves as a harbour. Though Hamburgh is 
nearly eighty miles distant from the sea, the communica- 
tion is easy ot^ account of the great breadth of the Kibe. 
The same cause facilitates the access from Hamburgh to 
the interior of Germany for several hundred n\iles. The 
elfeel of these various advantages was to render Ham- 
burgh in the Middle Ages a port of considerable conse- 
quence, though by no means to be compared to what it 
afterwards became. Vessels from the South of Europe 
proceeded to Hamburgh as soon as the improvement of 
Navigation made it unnecessary for them to shorten their 
von age, by stopping at Bruges, as did ships from the 
Baltic, after the route by tile Sound was generally adopted 
for the export of Baltic produce, Lu beck remained, like 
Bruges, comparatively stationary, after tire Wth Cen- 
tury ; because the chief utility of both was ns intermediate 
ports, and the increased dexterity of mariners after that 
time enabled even distant seaports to open a direct in- 
tercourse with each other. 

The Netherlands 

No part of Europe has a stronger claim on the atten- 
tion of mercantile men than the Netherlands, in parti- 
cular the maritime Provinces of Flanders, Holland, and 
Zealand. In* tracing the progress of Civilization, we 
have seen that the early improvement of Greece, that, 
wonder of ancient limes, was owing, in a great measure, 
to intercourse with more advanced Countries, and to the. 
introduction of the useful Arts from Pham icia and Kg) pi. 
The revival of trade, manufactures, and general im- 
provement in modern Italy, the next great feature in 
Statistical History, is to be ascribed to various causes; 
to the continued intercourse of Italy with Constantinople 
and the remaining portions of the Greek Empire ; to 
. the natural fertility aiul consequent population of Lom- 
bardy ; to the degree of Civilization preserved through- 
out the Dark Ages, in a Country so long the centre of 
the Roman power, and so superior both nn number of 
inhabitants and general cultivation to France and Spain, 
which were merely Provinces of the Empire. But the 
Netherlands had none of' these advantages: they had 
at iio time been the seat of empire ; their Government 
was. not better thau that of the other Northern nations; 
and surrounded by Countries which, in the Middle 
Ages, were very imperfectly cultivated and thinly peopled, 
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they could derive no inshutLion from their neighbours. Comment. 
Yet the Netherlands took as remarkable a hud in 
national improvement, when compared with the adpic, nt 
Countries, with England, Denmark, France, ami 
man), as did Italy when compared with the k- 1 nl the 
South of Europe. The origin nt this superioiitv is to l, 0 
sought in Physical causes ; first, in the ease with which ' 
a level surface and an alluvial soil maybe t ultivatcd : and 
next in the means of transporting bulky goods aloim’ 
canals, or such great rivers as the Scheldt , the 
and (he Rhine. 

First as to cultivation. Of the case with w hich a U \el Tk.ir <?ur]y 
surface and ail alluvial soil may be cultivated, we have cultivation, 
a variety of examples, both in ancient and modern His- 
tory. Jt is thus that we can account for the productive- 
ness of Egypt, of the pari of the Venetian territory 
adjacent to the mouths of the I J «» and the Adige, as well 
as of many level tracts in wry distant pails of the 
World, as in Bengal along the banks of the Gauges, in 
Guiana on those ot the Essequcbn, the Demer.iry, or the 
Surinam. Without quitting our .own CoiintrV, we may 
find many examples of easy cultivation and abun- 
dant produce in the fens of < aiubridgeshiie and Lin- 
colnshire, which have been reclaimed by drainage during 
the present Age. Flanders being a Country of similar 
description, we need go no further to account fur its 
early fertility uiul the density of its population ; the latter 
was rctnaikable, fust in the open country and in 
villages, afterwards in towns, at the head of which weie 
Bruges, Ghent, and Antwerp. 

The next advantage of Flanders and Holland was T! eir i>avi- 
the ease with which irll bulky commodities, such as corn, g*»hle liven 
wood, coals, and turf, could be conveyed from one part to canals, 
another. In most Countries of Europe tlicic aie con- 
siderable distances between the months of great rivers: 
the llumber is i emote from the Thames ; the E^je 
from the Weser; the C’hareute irom the Gaiouue. 

But in the Netherlands these great inlets are both 
numerous anti compaiatively near to each other; they 
consist of the different embouchures of the Scheldt, the 
Mnesc, and the Rhine, each opening into a distinct 
part, of jhe Country. Next, as to canals. In a soil 
both level aiul devoid of rocky substances, it was easy 
to excavate canals, and the consequence wap, that the 
advantage of such communications was enjoyed in the 
Netherlands so long as four or five centuries ago, a 
time at wlu\*h canals were unknown in almost every part 
of Europe, except Lombardy, ami when neither France, 

England, nor Germany could boast of cnirtjgc roads. 

In those Countries commodities could be. conveyed in 
no other manner than on the backs of mules aiul • 

horses; and each district was, in a degree, con fined to 
its local resources, at a time at which Flauder* and Hol- 
land had easy means of transporting the most bulky 
articles. 

Of these Provinces, the lend in agriculture was takm 
by Flanders, the soil of Holland being in tim^e times, 
as at present, too damp tor tillage, ami being, in conse- 
quence, laid out chiefly in past me. Manufactures were 
established at an early date in the tow us of both Pro- 
vince*?, particulaily in those of Flaudeis. Hut in Navi- 
gation a decided priority belonged to Holland ami Ze.i- 
lartd, admirably adapted as lx>th Provinces aic tor ready 
access to the' sea. Hence extensive fisheries, lu-i on 
their own coasts, afterwards at a distance in the North 
Sea.; hence also a coasting-trade extendin': 1 , even m an 
early Age, to Hamburgh in the North and to 1'icurdy 
x 
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Commerce, and Normandy in 1 lie \Ve*t. As the seamen gradually 
became more skilful, their voyages were prolonged on 
the one hand to the Baltic, on the other to Portugal and 
the Mediterranean. The Dutch thus became in the course 
of time the naval carriers of the North of Europe ; other 
nations abstaining in a great measure from that which, 
with their deficient means and ignorance of seamanship, 
would Iia\e been a hazardous and even perilous employ- 
ment. It is a curious fact, that two centuries ago, 
"Wentworth, Earl of Strafford, when appointed Lord 
Lieutenant of Ireland, and anxious to proceed from 
Wales to Dublin, was obliged to wait until a ship of war 
from the Thames came round to convey him and his 
suite across the Irish ('haunch There were in those 
days* no (ioveniment packets, and no English merchant- 
ships suitable for such a purpose ; the trade between 
England and Ireland being carried on almost wholly in 
Dutch vessels. 

Chief Ports. The chief seaports in the Netherlands in those times, 
as at present, were Amsterdam, situated near a great 
inland water called the Zuyder Zee ; Dordt and Rot- 
terdam, situated near the mouths of the Rhine and 
Maese ; Antwerp, Middelhurgh, Flushing, on the banks 
of or near the mouth of the Scheldt. Client is an in- 
land town, and like Bruges, did not adjoin any great 
river or maritime inlet, but it communicated with the 
sea by a wide. canal. Dordt is considered one of the 
most ancient seaports in Holland, and has been noted 
during many centuries for its trade in timber, sent down 
the Rhine in floats, and applied in Holland to a variety 
of purges, to the building of ships and boats, as well 
ils to the work of carpenters, joiners, -and other mechanics. 
The timber of the growth of Holland is not large ; 
hence it receives vast importations from Norway ami 
the Baltic, as well as from the forests adjoining the Rhine. 
Rotterdam owed its increase to the facilities for inter- 
course afforded by the Maese, the Leek, and the maritime 
inlets to the South; but it was greatly surpassed by 
Amsterdam, which became to the North of Europe what 
Carthage in one Age, and Venice in another, had been 
to the Countries of the Mediterranean. 

Riseof Am- Without adjoining any great river, Amsterdam had 

sterdam. ficcess to the Rhine by a canal, and by the Zuyder Zee, 
to almost every part of the Country bordered by that exten- 
sive water. In early Ages, when vessels were small, and 
seamen were averse from long voyages, a ready access to 
an intand sea was of importance, and rendered Amster- 
dam the most commodious port m Holland for shipping 
from the Etns, the W4ser, ami the Elbe, as well as from 
the coast of Jutland. The disadvantage of shallow water 
in the approach to the harbour of Amsterdam, is felt 
only by large vessels : it was of little importance in an 
Age- when merchandise was couveyed in vessels or 
rather barks of light draught. Hence the early and 
progressive increase of this city, notwithstanding its 
occasional insalubrity, and the great expense of build- 
ing on ground where, from the insecurity of the founda- 
tion, the houses must be erected on piles. Amsterdam 
was a place of importance so early as the XII Ith Cen- 
tury, having been one of the first seaports to join 
Lubeck and Hamburgh as a Hanse Town ; it continued 
to increase during the XI Vtli, XVtli, and XVItli Cen- 
turies, and had become the most eligible place of settle- 
ment for the merchants of Antwerp, when the capture 
of that city in 1585, amt the oppressive conduct of the 
Spanish Government, led so many Flemings to forsake 
their homes. The following century (the XVlItb) was 


the prosperous era of Dutch trade, and a very great 
proportion of it, whether with the Baltic, the Mediter- 
ranean, or the East Indies, centered in Amsterdam. 

It does not uppear that the early prosperity of the 
Netherlands was owing to their form of Government or 
Civil institutions. Flanders, Holland, and East Fries- 
land were for many Ages governed by Counts or Earls, 
having, like other nations of German origin, a kind of 
Parliament under the name of States. These three 
Provinces had during the Middle Ages little political 
connection, and were occasionally in hostility with each 
other. In the XVtli Century, however, an end was put 
to such collisions, each Province becoming, by theinter- 
marriage of the ruling families, subject to the House of 
Burgundy. Maximilian of Austria having married the 
heiress? of that House, acquired her rich possessions, 
which afterwards passed fo the Emperor Charles V. That 
Prince, horn in the Netherlands, hud naturally a predilec- 
tion for his Country, and passed various edicts to advance 
Commerce and consolidate the union of the Provinces. 
He did not, however, discover much respect for their 
political privileges, or much solicitude to lighten uie Wi- 
dens brought on them by his incessant wars. A similar 
conduct, pursued with less judgment by Ips gloomy and 
bigoted sou, Philip II., produced tliese paration of the 
Dutch Provinces, and a contest between them and Sp un 
during more than half a century. 


Commerce 



Before concluding our notice of the Middle Ages, it u.iv.l 
seems fit to explain in what manner the inkfoilai.t.s cl m<l 

places so pacific in their policy as the Commercial towns 
of Italy, became connected with warlike Sovereigns, and ‘Vu/ltUe 
rendered themselves auxiliary to their enterprise . \W 
read in History, particularly at tin: battle of Crc-*-v in ImImus. 
1346, of Genoese archers, by whom \vr arc to under- 
stand not natives of Genoa, or trooj -.mi 41 e seivice of 
the Republic, but military mereuur * levied in the 
adjoining Country, in consequence of a compact or 
Treaty with the French or other foreign Government?.. 

Kings had in those dnjs no standing armies, and to 
form disciplined troops from among the peasantry ot 
their dominions was a tedious and difficult task : but in 
a city containing such a number of artisans as Genoa, 
arras were readily supplied, and coinbutants soon cum* 
forward where theie were capitalists able and willing 
to contract for their services. Italy wo* in fact remark- 
able in the Middle Ages for her bands ert* Condottirri, 
or hired troops. A similar explanation is applicable w# 
the Flemings or Walloons, so often mentioned among Ibnungs. 
military levies in the Middle Ages. Flanders,, without 
being more warlike than the neighbouring Countries, 
w as the only part in the North of Europe which at 
that time had either brisk traffic or a dense population. 

It had accordingly the means of supplying not only 
arms,, but men far more dexterous in their use than the 
rust ic. followers of' a Feudul master, whose time of ser- 
vice seldom exceeded forty days ; for there was hardly 
a battalion of soldiers on permanent duty in any King- 
dom i.i Europe before the year 1500. 

The Swiss Jbrmed the third class of hired combat- Swiss, 
ants in the times of which we speak* but their services 
were given under circumstances very different from the 
Italians and Flemings* Their mountainous territory 
could boast of neither Commerce nor large towns; their 
population was spread oVer the open country, and, ia 
consequence of their poverty, discharged the obligation, 
which every citizen awed to the State, not by paying 
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Commerce, taxes, but by performing militia service. Hence there 
were in Swisserl&nd many more men trained to arms 
than were required for the national defence ; and hence 
also arose u readiness in the Governments of the different 
Cantons to transfer to foreign Governments the services 
of their Countrymen on certain terms, which it was usual 
to embody in a Treaty, or, as it was technically styled, a 
capitulation. 


V 

Overland 
fi.illic hum 
Italy f<> 
tiYimuii)'. 


It remains that we give an- example of the rude 
mode of conveying merchandise by land in the X Tilth 
and XlVlh Centur^s. The trade of Venice with (he 
Levant became considerable about the time at which 
Augsburg, Ulm, Nuremberg, and other towns in the 
interior of Germany were increasing their population 
am! traffic. The result was a considerable intercourse 
between Italy and Germany by "land, which was carried 
on across the Alps, chiefly by Trent and Jnspruck, 
through a Country too mountainous and rugged fur car- 
riage-roads, and in which, consequently, the merchandise 
was Lotweyed on the hacks of mules and horses. This 
mode ot transport was expensive, even In those days of 
low wages and cheap provisions, because the weight 
borne by thes^ animals on their backs, being hardly a 
filth part of that which they can draw on a carriage-road, 
in; siy hundreds of them were required to convey the 
c.ipji. « if a small vessel. It is a similar want of curriage- 


t< 


which at present narrows the intercourse with 
M --mi • and other parts of Spanish America. Mules and 
Jim -is me cheap in Countries possessing extensive pas- 
ture*., ’«nt their power of carrying being limited to three 
or fi»ur bundled .veight for each animal, the expense can 
! c i >i..e m:l) by articles of. value, such as cottons, fine 
us, )v rutlcr\. The cost of conveyance being 
tuii- high ;•/ tin time of which we are now speaking, the 
S'.ailie rn’io'-’s: •• i, ^ was confined to valuable merchan- 
dise. m.< h . tV* l:.s, .he cottons, and the* spices of India, 
or die ji<vi fiery of \ eniee. Heavy articles, such as oil 
n. n! wine, were cou.e^ed by shipping from Italy to 
lb ii'/rs. 


'Die want of carriage-roads was general throughout 
F.iunpe in the Middle Ages; almost all inland traffic 
wns carried on in the manner we have mentioned by 
hearts ofliurdcn, proceeding along tracts which hardly 
deserved the name of roads, being lit. le else than bridle- 
paths. The non-existence of an eflective Police, and the 
humus of concealment and escape afforded to robbers by 
t'.i*‘ extent of fi.rcMs, marshes, and uncultivated lund, 
made it necessary for mercantile dealers to afford protec- 
tion It) each other, and to travel in parties or companies, 
iu the manner of an Eastern Caravan. To this must be 
added, the difficulty in holding a mercantile correspond- 
ence, for it is not more than two centuries since the Govern- 
ments of even the most improved part of Euro}»e began 
their Post-office establishments. If besides these various 
disadvantages we consider the inefficiency bf machinery, 
- we shall find reason greatly to modify the popular notion 
of the general cheapness of commodities in the Middle 
Ages. Wages were low ; and country produce, such as 
corn, wool, and cattle, were to be had for little money ; bid 
the finer manufactures, or whatever required a combina- 
tion of capital and skill, were in reality dearer than at 
present: they cost, it is true, a very small sum when 
purchased with silver, but a great deal when exchanged 
for labour or raw produce. 

Such was the state of productive industry in Europe 
during the Middle Ages ; rude,, backward, and inefficient 


in every Country except Italy ami the Netherlands. But Commerce, 
‘we are now about to enter on a brighter era ; on the disco- 
verios and improvements which, slowly as they operated 
had, in the course of two centuries, the effect of producing 
a great extension of navigation : the result of which was 
the discovery of America, and an import from that pait 
of the World of the precious metals, attended with a re- 
markable effect oil the Commerce and state of Society in 
Europe. 


Tmprovcmmts in Navigation . 

The discovery of the Mariner’s compass, or of the pro- Discomyoi' 
perty of the magnetic needle, which makes it point steadily th«- !\I. in- 
to the North, was made about the year 130*2, by an inha- com- 
bitanl of Amalfi, a seaport in the Kingdom of Naples. 

This discovery relieved seafaring men from the necessity 
of guiding their course by uncertain marks, such as the 
aspect of headlands by day, or the often interrupted view 
of the stars by night. The use of the compass, conse- 
quently, became general, am! tended materially to facili- 
tate voyages in the established lines of mercantile in- 
tercourse, but it was long before it extended the range 
of Navigation. So backward were the merchants and 
mariners of that Age, and so slightly were they ani- 
mated by the spirit of enterprise, that half a century 
elapsed after this discovery, pre navigators ventured into 
unknown latitudes, and even then thev advanced at a 
very tardy rate. The Mediterranean had long b»*en ex- 
plored, and the Atlantic had been sailed over to a high 
Northerly latitude; the region now to be visited was 
the Western coast of Africa, and the task of doing so ft 11 
to the Spaniards and Portuguese : not that either People 
could boast of much progress in seamanship, but because 
of all the nations of Europe, they were, in point of situ- 
ation, neatest to the Country in question. The Vene- 
tians and Genoese, superior as navigators, were compara- 
tively remote from Africa. Still more so were the Dutch 
and Flemings. Aided h) the compass, the Spaniards now 
ventured to proceed to the Canary Islands, about two 
hundred leagues from their own shores, while in Portu- 
gal a regular plan of discovery was formed with the sup- 
port of Government. As yet the Portuguese vessels had Progress, f 
ventured no further South than Cape Non, on the coast 
of Morocco ; their next effort, which in the present Age 
it would be ridiculous to call an effort, was to double 
that Cape, and to reach Cape Bojador, which was known 
to be about’ sixty leagues to the South. That being 
accomplished, two small vessels were some time after 
equipped for the purpose of doubling Cape Bojador, 
and proceeding further Southward : they were sailing 
slowly along* the &horc, according to the timid practice 
of the Age, when a squall of wind drove them out 
to aea, unci led to the discovery of Madeira. That 
island, situated in the Ocean at a considerable distance 
from any coast, became the object of repeated voyages 
on the part of the Portuguese, and accustomed them by 
degrees to a bolder Navigation in the open sea. In the 
course of years they discovered the coast of Africa so far 
as the mouth of the Senegal and the Cape de Verd 
Islands, which being within fiffeen degrees of the Line, 
was a sufficient distance to the South to prove that the 
Tropical regions were not, as had been vulgarly supposed, 
uninhabitable on account of heal.. The further progress 
of the Portuguese, however, was very slow, time being a 
general impression that little? Commercial advantage* 
could be reaped from intercourse with Countries so 
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Commerce, remote, and situated in so hot a climate. At last, in 
v — ■-Y—' ^ the year 1484, a flotilla, fitted out for the purpose, per- 
severed in navigating the coast of Africa, along the 
stores of Guinea and Congo, advancing* no le-s than 
one thousand five hundred miles to the South of the Line. 
A few forts were then built oil the coast of Guinea, and 
settlers were sent out to them from Portugal. The 
great inducement to persevere was the hope ol reaching 
India by the South of Africa ; a hope now strongly con- 
firmed by the figure of the coa^t ot Africa, which from 
the mouth of the Gambia recedes greatly in an Eastern 
direction, as if to point out a route to the Country so 
long and anxiously sought after. Another flotilla was 
nmv fitted out, which stretched boldly towards the 
South, four hundred leagues further than the preceding, 
but meeting with a succession of tempests, was obliged 
to i etum without doubling the Cape of Good Hope, 
which they saw, and to which, from, the weather they 
had t \pei leucod, they at first gave the name of Cape of 
Tempests This took place in I486: several years 
elapsed before fitting* out another expedition : at last, in 
1 PJ7, Vasco di Gama succeeded in sailing round this 
formidable prom* rntory, and accomplished a voyage to 
India, five years after Columbus had effected the disco- 
\cry of the West Indies and America. 

Trale with In India, the Portuguese found a Countiy of consi- 
Ind.il-y derahle population and tuide ; less wealthy, indeed, 
the C..; !■ of than had been pictured in the imagination of ardent 
(tjod U »ik’. at |^ eilturois or credulous merchants, hut sufficiently so 
to form a basis for extensive exports to Europe. Most 
of these were now directed to Lisbon, the voyage round 
the Cape ot Good IIo|>e. difficult as it wiis to the navi- 
gator* of those days, being much less tedious and expen- 
sive than the route by the Red .Sea, Alexandria, and 
Venice. Rut America was in a very different condition 
from India : it was uncultivated and almost unpeopled ; 
ebb t dining no manufactures and little raw produce in a 
state for use, the consequence not of deficient ferti- 
lity, but of the natives being incapable, of preparing it 
lor sale, or bringing it to the coast to to shipped. Ages 
elapsed before the influx of settlers from Europe, and 
the increase of the native population rendered the ex- 
ports of merchandise from America, her coffee, sugar, 
union, cochineal, or indigo, of importance to the Com- 
merce of Europe : the chief effect produced during* the 
century following the discoveries of Columbus, arose 
from a different cause ; from the increased supply of 
gold and silver. This subject is of great importance in 
a mercantile sense, tine! has u claim* to tie investigated 
with minute attention. 

Supply of G'Jd and Silver from, America. 

The Countries occupied by the Spaniards during the 
thiity years billowing the dtooveryof the West Indies, 
were St. Domingo, Cuba, Porto Rico, and other Elands 
in no way remarkable for tlu* supply ol the precious 
metals. At last, in 1521, they obtained possession of 
Mexico, and began to bring* considerable supplies of 
silver into Europe. The amount of these was greatly 
increased after 1515, by the produce of the rich mines of 
* Potosi in Peru. It is thus about three centuries since 
the import of silver from America began to be sensibly 
felt in Europe ; and it seems fit, with a view to mark 
the extent -of the supply at different periods, to divide 
that time into three equal periods. To begin with the 
century that elapsed 


From the year 1530 to 1630. At first about half a Comment 
million sterling of silver appears to have been added to 
the currency of Europe from the mines of America nn- From 1530 
finally; after which the quantity increased progressively, *° 
so as to form, towards the close of the period, an addi- 
tion of about two millions ynnually; the whole forming 
an augmentation of metallic currency to the extent of 
about one hundred millions sterling in a hundred years, 
or an average of a million annually. This is, in sub- 
stance, conformable to the estimate of Mr. Jacob, in his 
valuable publication. On the Precious Metals, vol. ii. 
p. 70. 131 ; after making a suitable deduction for the 
proportion of the produce of the mines conveyed to India 
or used in Europe fin* plate, ornaments, or manufactures. 

We now come to the second period ; to the hundred 
years which intervened 

From 1630 to 1730,* The produce of the American 1030 to 
mines continued to increase largely during this century, 
but as the export of silver to India, and its use in plate, 
ornaments, and manufactured articles, was far greater 
than before, the remainder, forming the addition to the 
currency of Europe, ought not to he computed at more 
than a million and a half, or two millions annually. 

From 1730 tn]83U. The course of. circumstances 1 M 0 to 
continued for many years the same as before : the mines 1330. 
increased in produce, but the export to India was main- 
tained, and the consumption of silver in plate, watches, 
gilding, received a great extension; so that the yearly 
addition to the metallic currency of Europe appears to 
have been on an aveiage neai ly as in the former cen- 
tury ; viz. from a million and a half to two millions 
annually. II this addition was so nearly uniform, how 
are we to account tor the lemarkable fluctuation i.i pi ices 
which has taken place in the Iasi f'oity years? we mean, 
their continued lise until 1814. and their continued fall 
since that date. The answer is, that these flucl nations 
had little connection with the suite of the Ameuraii 
mines; they were the consequence of the alternations 
of War and Peace throughout Europe ; and, in- England, 
of the emission and contraction of Rank paper. 

It thus appeals, that during the fust hundred years p ls , ; in Dm 
after 1530, the yearly addition to the metallic currency price of 
of Europe from the American mines, averaged about a eyinmudi- 
miilion sterling a year; and in the succeeding two e’en- <l08, 
times between a million and a half and two millions 
sterling a year. So large an increase of the circulating' 
currency had necessarily a great clfect on the prices of 
commodities in Europe ; but the degree of that elfect 
has in general been loosely stuted and greatly exaggerated. 

Since it is of great importance to ascertain ns correctly 
as possible the extent of the rise of prices ot dillercut 
epochs, we shall, as before, divide the time that has 
chipsetl since 1530 into three equal periods; beginning 
with the century 

From 1130 to 1630. According to common tradition Vn>in 1530 
uud belief, the rise in the price of commodities in the to 1G30. 
course uf these hundred years was enormous ; not less 
than in the proportion of five to que, five hundred pounds 
being required in J 630 to purchase the various articles 
which' a centupy before might have been bought for one 
hundred. And that, too, not from alteration of the 
coin ; for such is asserted to have been the advance in 
prices, after making allowance for the different degrada- 
tions of the coin on the part of Government during 
the period in question. Such is said by contemporary 
writers to have been the rise of prices, not only in 
England, but in France, Spain, Italy, and as far as 
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Commerce, there arc records, in all the maritime parts of Europe ; 

all parts, in short, which, from participating in foreign 
trade, were affected by the augmented supply of the 
precious metals. And so far as regards the price of 
corn, the rise appears to have been very great, whether 
we judge by the returns from our markets from year to 
year, or by the successive Acts of Parliament which regu- 
lated our corn trade during the period in question. Thus 
the export of wheat from England was allowed by the 
* Act of 

. 1562, when the home price was at 10*. per quarter. 


1593 4 20*. 

1604 2 (is. Rrf. 

1023 32s. 

1656 40s. 


1630 to 
1730, 


• 

This exhibits an advance in the remarkable proportion 
of four to one in the course of a century, but such evi- 
dence is tube received with great qualifications. The ribe 
appears to have applied chiefly to our maritime districts, 
to the vicinity of seaports, where, on a rise of prices 
abroad, it was easy to buy up and effect an export of our 
corn. (11 ihe inland (’(unities there was, from the want of 
roads, a \cry limited intercourse in so bulky an article : 
each district stfyplied its own w'niits ; corn was commonly 
paid for by barter or by lubour ; a mode of transacting 
which was little alfected by the state of markets in the 
Capital and seaports. The abovementioned rise cannot, 
therefore, be considered to have been general either in 
England or on the Continent, three-fourths of which 
were at that time little influenced by' maritime inter- 
course, but conducted their traffic on the primitive {dan 
of barter. In those parts the price of corn varied much 
less. 

Next in regard to the rate of payments for other pur- 
poses. The rise in the wages of labour during the With 
Century, though very considerable, was by no means in 
proportion to the rise in the price of corn : the same dis- 
tinction held in regard to manufactures, whether woollens, 
linen, hardware, or leather, the cost of which, in those 
times of deficient machinery, depended mainly on the rate 
oflabour. These form very important deductions from 
the alleged rise in the proportion of five to 6 ne. aiuf jus- 
tify us in materially qualifying the assertions of an Age 
in which there were few Statistical returns and a con- 
siderable disposition to ‘exaggerate. The point to be 
ascertained isjhe ad\anee not merely in corn and other 
exportable produce, but in manufactufes, house-rent, 
wages, and the other constituents of family expenditure 
taken collectively and computed together with the cost of 
provisions. Now', reckoning in this comprehensive 
manner, wc consider that in the hundred years from 
1530 to 1630, the late of advautc did not exceed two 
to one ; that is, -C200 in the latter year would have suf- 
ficed to effect the purchases or pay the services which, a 
century before, might ha\e been obtained for -Cl 00. 

Wo eoinc now' to the second century of the influx of 
silver from America, viz. 

From 1 630 to 1730. During this period there was 
also a rise of prices, but in an inferior degree. It took 
place chiefly in the wages of labour and in articles of 
which the cost depended principally on labour. Corn 
did not rise either in England or in France, but there 
occurred in most other branches of expenditure an 
advance which rendered the rate of housekeeping and a 
provision for a family more costly by nearly a fourth 
than in the preceding century; so that towards the 


cn.l of the period, the a\ crape rote of prices may be Commerce, 
considered as m the proportion of five to tour compared 
with the rale at Us beginning, X250 being required 
in 1730 to pm chase the commodities which, in 1 WO, 
might have been procured for £'200. 

This brings down our calculation to the he-t of the 
three periods; to the century that intervened 

From 1730 to IS30. During thirty \cajx of this ir3oto 

period prices were neatly stationary ; after 1761 they l&A). 
rose progressively, but not rapidly ; after 1795, and par- 
ticularly alter 1797, the era of the Bank rc stnction, they 
advanced 111 a ratio beyond all example ; but after l sit 
they fell with equal rapidity, so that the result of all 
tlics c fluctuations is, that in the present y ear the price of 
a number of commodities taken collectively is greater 
than it was a hundred years ago by little more than a 
fifth, the cheapness of manufactures forming a counter- 
poise to the rise in corn and other raw produce. 

The advance of prices in' the XYJllth Ceiftury ap- 
pears th 119 to have been in neatly the same ratio as ill 
the XVUth. 

The result of the preceding estimate is, that a given Summary, 
amount oflabour, provisions, raw materials, and manu- 
factures, which might have been purchased 111 England 

about the year 1 T .30 for .£100 in money, 
appear to have cost in 1630 200, 

in 1730 * 250, 

in 1R30, or the present year 300. 

It is very rental kable that the rise of prices in the 
first of (hose periods should have exceeded so much 
that of the second and third, although the supply of 
silver from the American mines continued to increase 
during the w'Jiole time. This is a very •nice question, 
and a few remarks on it may tend to throw light on the 
state of trade and manufactures in Europe in the 
XVIth Century. . * 

The effect of War and of a large Government expemli- Rise of 
ture, as lias been strongly proved in the present Age. is 
to cause a considerable rise of prices. This, e fleet is pio- 
duccd in various ways : first by the direct addition to 
tjie cost of an article from the imposition of a tax on it ; 
next by the increase in the rate of* freight and other 
charges on intercourse ; but far more than ail by with- 
drawing men and capital from products e to unproduc- 
tive deployment; from Agriculture and Manujactuies to 
military purposes. In the X\ 1 th Century the belli- 
gerent Powei*s on the Continent wore Spam, } Vance, and 
Germany; the scenes of their operations were Italy and 
the Netherlands. The rise of prices having been as 
great in those Countries as in England, a part of .hat 
rise is, doubtless, to be attributed to War; for this was 
the time at which the principal (io\ornments of Europe 
increased their armies ; when our Henry VIII. and 
Francis 1. of France indulged their chivalrous projects; 
and when the more deliberate ambition of Charles V. 
and Philip 1J. of Spain kept the fairest portion of Eu- 
rope in cciAiiiucd agitation. All this led to an mcrca-e 
of public burdens, and to an advance in t lie price ciVom- 
nioditics, but not in a degree commensurate wiihthe ii"0 
in prices which actually took place. Thcccntuiy iliatlbl- 
lowed was still more marked by expensin' Wars and 
augmented burdens, being the time at which the angri s- 
sious of Louis XIV. roused all Europe against IV unr, 
and when the military establishments of that Couutiy. as 
well as of England and Holland, were doubVd and 
tripled ; yet the rise of prices was by no means guat as 
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Commerce, in the XVIth Century. The latter must, therefore, have 
been increased by peculiar circumstances, the chief of 
which doubtless was the limited field on which the sup- 
plies of silver from America for some time acted. 

The field for the use of silver was limited in this 
manner: the population of Europe being in those days 
chiefly lurul, and too poor to make use of silver, that 
metal was current only among the inhabitants of the 
Capitals, the seaports, and a certain number of inland 
towns. Now all these places were then far below their 
prescut scale both in numbers and property. The follow- 
ing Table may tend to bring the question to issue, by 
conveying a view of almost all the towns entitled to be 
considered as in any degree the seats of trade and 
manufactures in Europe, three centuries ago. 


Chief Town* in Europe in the XVI lih Century . 
* Italy. 


Rome. 

Turin. 

Naples. 

Parma. 

Venice. 

Padua. 

Genoa. 

Verona. 

Milan. 

Brescia. 

Florence. 

Cremona. 

Bologna. 

Pavia. 

Pisa.' * 

Mantua. 

Sicily. 


Palermo. 

Catania. 

Messina. 

Belgium. 

Antwerp. 

Louvain. 

Ghent. 

Ton may. 

Bruges. 

Lisle. 

Brussels. 

The Dutch Provinces . 

Amsterdam. 

Haarlem. 

Rotterdam. 

Utrecht. 

Dordt. 

Grouingen. 

Leydeu. 

Middelburg. 

France . 

Paris. 

Rouen. 

Marseilles. 

Metz. 

Lyons. 

Troyes. 

Nantes. 

Avignon. 

Bourrleaux. 

England. 


Ijondnn. 

Coventry. 

Bristol. 

Plymouth. 

York. 

Newcastle. 

‘Norwich. 

Germany. 

Hamburgh. 

Ratisbon. 

Bremen. 

Leipsic. 

Lubcck. 

Dresden. 

Altona. 

N uremberg. 

Brunswick. 

Augsburg. 

Cologne. 

Munich. 

Frankfort. 

Wurzburg. 

Aix la Chapelle. 

Vienna. 

Mentz. 

Prague. 

Strasburg. 

Berlin. 


Smsserlanl. 

Basle. Geneva. 


Spain. 


Seville. 

Cadiz. 

M arlrid. 

Granada. 

Barcelona. 


Saragossa. 

Valencia. 

Cartlmgcna. 

Malaga. 


Commerce. 


Portugal . 

Lisbon. Oporto. 

The Baltic and Norway. 


Copenhagen. 

Stockholm! 

Daiilzic. 

Konig.>berg, 

Riga. 

Guttenburg. 

Bergen. 

Russia . 


Moscow. 

Novogorod. 

Kiow or Kief. 

Poland. . 


Warsaw. 

Wilnu. 

Cracow. 

Turkey. 


Constantinople. 

Sulonica. 

Adrianoplc. 


Such were in those da)s the principal cities and p , v <Mty of 
trading towns in Europe; the places to which the siher 
iinported from America gradually found its way, and turi ^ SI | 
gave a stimulus to productive industry, to mechanics, Vxvhh 
manufacturers, navigators. Adjacent to most of these Centuries! 
places was a considerable district cultivated in a manner 
less rude than the Country at large: the peasantry had 
there ettained the rank of tenantry, and were enabled, 
by their intercourse with the towns, to pay their rents 
in money, while nine-tenths of their brethren scattered 
ove^the Provinces, were almost strangers to the use of 
siher, and could pay their lent no oilier wise than in 
labour or produce. 

What, it may be asked, vvas # the collective amount of 
population in the various (owns which we have enume- 
rated and the neighbouring* districts ? It Appears to have 
been in all between four aud five millions ; but to these 
are to be made two considerable additions ; first the 
lesser towns, whether maritime or inland, in which 
there were half-yearly or yearly Fairs ; and the much 
longer list of burgh9 ojr petty places in which there w ere 
weekly markets, and which, poor apd thinly peopled as 
they were, have a claim to consideration in our estimate, 
because silver was, to a certain extent, their circulating 
medium. Adding the population of all these places 
awl their surrounding districts to that of the Capitals 
and larger towns, we may consider the result us exhi- 
biting the total of the European community among 
which silver* s*t that time circulated. The number 
seems in the earlier half of the XVIth Century to have 
been . below ten *mi!lions ; while in* the latter half of 
that period it may have amounted to between twelve 
and fifteen millions, among whom, and not a greater 
number, the silver from America appears to have been 
distributed. 

Though the numbers we have thus assigned 1q the 
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Commerces various towns of Europe and their adjacent districts are 
not a fourth of their present population, they will be 
found large when allowance is made for the total differ- 
ence of the times- In the XVIth Century country work 
was so rudely managed, the ploughs, the tools, and 
implements of husbandry, from scarcity of iron, were so 
defective, that in every part of Europe so many as eighty 
persons in a hundred were necessarily resident in the 
country, the labour of that! great proportion being indis- 
pensable to raise subsistence for the community at largo. 
There were then, a6 we have shown, very few roads-, 
and consequently few draught-carriages, for corn, 
wool, and other protfuce were convoyed on boasts of 
burden. Now such conveyance, being both difficult 
and expensive, was considerable only in the neighbour- 
hood of towns: in country parts, that is, throughout 
nine-tenths of Europe, each hftinlel or district was 
obliged to supply its wants from its local resources, 
scanty as they were : traffic was carried on by barter, 
and the only metallic currency was copper. All this 
shows that we must beware of judging in any degree of 
our farmers and peasantry of former times by those of 
the present Age. A better criterion will be found 
among the peasantry in the East of Europe, in Poland, 
Hungary, Russia. There, even at present, the privations 
are great ; the mode of living extremely rude : silver is so 
little used in paying cither wages or rents, that most of 
the labourers are without the means of buying woollens 
or manufactures of any kind ; they are obliged to pro- 
tect themselves from the cokl of winter by a covering 
of sheep or lamb-skins.* 

Improved Condition of Agriculturists. 

Such in the XVIth Century was the state of the pea- 
. sentry throughout Europe with the exception of certain 
districts- in Lombardy or the Netherlands; or in the 
vicinity of such Capitals as London and Paris. Money- 
rents were very rare; they arose in process of time out 
of the improvements which productive industry received 
from various causes, above all from the increase of town 
population and the augmented supply of silver from 
America. This may be best explained by a reference to 
the present Age, in which we have had a very striking 
example of the invigorating effcet of a continued rise of 
prices on formers, merchants, ami the productive classes 
generally. ■ Afltr 1797, that is, after our Banks were 
exempted from paying their notes in cash, money be- 
came abundant, and the check on the expenditure of 
Government was removed. Provisions, arms, clothing, 
stopping, were required on a scale of unprecedented 
amount, and all were furnished without difficulty, 
because the steadily continued supply of money, gave a 
general stimulus to the productive classes. Our growth 
of corn being insufficient for our consumption, prices 
rose year after year and the circumstances of farmers 
* improved, particularly in such partti of the Kingdom as 
Norfolk, Northumberland, Scotland, in which long leases 
are customary. Hence an increase of capital among the 
better class of tenants, and a beginning of capitul 
among those who till then hardly knew ‘what capital 
was. Similar to this was the course of circumstances 
among the tenantry of England, during the long reigns 

* fl&s a valuable book lately published On ike Rent ofljnnd and 
Distribution i of Wealth* by the Rev. Richard Jones. So® also Mr. 
3toccu)Ibdi’ff Commercial Dictionary, Bead of Fur Trade* 


of Henry Vllt., Elizabeth, and .Tames I. -. prices wore In Commerce, 
general on tile rise, and our agriculturists experienced 
a progressive improvement of their circumstances. 'Phis 
improvement proceeded, it is true, very slowly compared 
to that of our farmers during the memorable twenty 
years from 1794 ‘to 1S14; but in one very material 
point our ancestors had the. advantage ; they stulc red 
no reaction ; the capital they acquired was preserved 
and handed down unimpaired to their sons and grand- 
sons, prices continuing to rise during more than a cen- 
tury, and afterwards maintaining the advance that had 
taken place. For silver continued to come in, and the 
population of our towns, in other words the number of 
the consumers of country produce, was regularly on the 
increase. 

The effect of an improvement in circumstances so 
long and so happily maintained, was to change the more 
active part of our peasantry into yeomanry ; into tenants 
able and willing to pay their rents by money instead of by 
the primitive mode of labour and produce. This change, 
beginning with the districts adjoining the Capital aYul 
the larger towns, extended itself gradually over the 
more distant Counties during the XVIth and XVIIth 
centuries, -adding largely to the national wealth, and ex- 
tending the field for the circulation of silver. Holin- 
shed, adverting in his Chronicles to the scanty portion 
of silver circulating among our farmers about the year 
1500, 41 says, “If one of them did cast down his purse, 
and therein six shillings in silver, it was \ery likely ihat 
all (he others present could not lay down so much 
against it.*' Now it is no exaggerat ion to assume, that 
in the hundred and fifty years which followed the date of 
this anecdote, the proportion of English farmers who 
paid their rents in money, and who in their buying and 
selling transactions made use of gold and silver, in- 
creased tenfold. A similar, though by no means an 
equal improvement of circumstances took place among 
the agriculturists in various districts of the Continent; 
ip the vicinity of Capitals, seaports, and the larger inland 
towns. On the Continent there was also a regular in- 
crease in the number of the consumers of country pro- 
duce, distinct from agriculturists ; in mechanics, manufac- 
turers, the professional classes, and other inhabitants of 
towns. In Holland this increase was rapid during the 
XVIIth Century; in France, Germany, Spain, and the 
vicinity of the Baltic, it was slow, but in steady pro- 
gress. The labour of husbandmen became more effi- 
cient; their tools and implements were improved; a 
given number were able to raise a greater quantity of 
corn and other produce. The result of the whole was 
a surprising increase in the number of persons, whether 
in town or country, among whom gold and silver circu- 
lated ; so that a yearly supply from America of two mil- 
lions sterling was far less felt in Europe in the XVIIth 
andXVIIIth Centuries, than one million had been in the 
XVIth. 


Having now explained the rise of prices, it remains Mercantile 
to add a few remarks on the mercantile intercourse of 


Europe with America in the XVIth and XVITth Cen- 
turies. This was long on a small scale, because the 
thinness of the- population in America restricted both 
the stipplyof produce from that Country and the demand 
fbr manufactures from Europe. The mode of conduct- 
ing the trade was this. The silver sent from America to 
Spain was for account partly of the Spanish Government, 
but mpre for that of Spanish merchants connected with 
HexC# and Peru. It was landed at Seville or Cadi?, 
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whence the portion belonging to Government was for- ration in Religion was accordingly complete in Holland, Commerce, 
warded to the Treasury at Madrid, while the sums re- at a time when in other Countries it was enjoyed very 
mi Ued tor account of individuals were delivered to the imperfectly, or not at nil: while in regard to the adtni- 
morchants. On the purl of the Government, these lustration of justice, a strict impartiality' was observed 
periodical supplies were distributed and expended in the between natives and foreigners, lienee the influx into 
purchase of aims, clothing, the pay ami subsistence of Holland of a number of valuable settlers, first from 
troops : nn the part of the merchants, in the purchase of Belgium and France during the persecutions for Religion ; , 

q ii ii Ksiher for extracting the silver from the ore at the afterwards from Germany during the Thirty Years* War ; 
mines, of clothing and tools for the mining vvoikmeii, and, in some degree, from England in the Civil troubles , 
of machinery, and of various manufactures required in under Charles I. 

Mexico and Peru. Countries in which the Art of maim- • So early as the XITTth Century Amsterdam and other 
factoring was almost wholly unknown. Italy and the Dutch seaports were of siilliciepit importance to be 
jN ctherlai ids were the only Countries which had manufac- members of the Hanseatic body. Towards the year 
hiring tow ns of importance: other paits of Europe par- 1500 the shipping of Holland had so increased that 
ticipnted in the trade directly, sending to these a supply three or four hundred sail were regularly employed 
of raw materials. England, at that ‘time too little ad- in the Baltic trade, performing* commonly two voyages 
\ance»l in the weaving of woollens to send abroad a year each. An equal number appears to have been 
cloth, felt the benefit of the American trade in an aug- engaged in intercourse with France, England, and Spain, 
inented export of wool to the Netherlands ; in the* same Before the year ifiOO the shipping of Holland was 
manner as tlie iron mines' in the North of Italy increased further increased, and still more in the course of the 
thcii supply of that material to Milan and Brescia, XVIIth Century. John de W itt, who guided the affairs 
which vveie noted for their manufactures of hardware. of his Country so long and so ably, stated in his printed 

Works, that in the twenty-seven years which intervened 
The. Trade of Holland. between tile Peace with Spain in lfil3^nd the time at 

which he wrote, vis. 1(>70, the trade and navigation of 
From the influx of silver from America, the proini- Holland had increased one half. Tfiis period was fol- 
nent feature in our sketch of the XVIth Century, vve lowed by long and e\|»ensivo* Wars with France, involving 
turn to that which most strongly marked the XVIIth, a heavy addition to the taxation of the United Provinces, 
the extension ot the trade of Holland. No- subject is and augmenting the wagc.i of labour in a very injurious 
more interesting and instructive than the Commercial degree. Still their institutions weie so good, the advan- 
prosperity of a Country, so limited in its extent and ap- tages of the ample capital and tried industry of the iu- 
purently so little favouied In Nature: in nn part of the habitants were so substantial, that their Commerce 
World shall we fluda more striking example of the ■ continued long to stand its ground, in the year 1700 the 
triumph of assiduity and perseverance over Physical mercantile navy of England amounted by an official 
obstacles. And first as to the causes of this prosperity, return to 2(il,0U0 tons; the seamen to 27,000. Of 
The progress of productive industry in Holland appears those of the Dutch we have no regular account, but it 
to have been as follows. The vicinity of so much water, is probable tir.it their numbers were fully double those 
as well along the coast as in the great maritime inlets, of England, hoili in seamen and tonnage. 

led to extensive fishing on the part of the inhabitants, first The Government of Holland never listened to the Causes of 
for their own supply, and next for sale to their neigh- false doctrine of endeavouring to raise or manufacture at i**»yros- 
bours. At the same time, the repair of the dikes and home articles which they could obtain at. a moderate V ent >'* 
other works required to preserve so low lying a Country price from abroad. The poverty of their soil was in 
from the irruption of the rivers and high tides, produced some measure the Vau.-e of this judicious policy and of 
habits of regular labour ; while, in the third place, the their extended navigation. They considered it no dis- 
practice of navigating the great rivers and the adjacent advantage to part with inonby to buy corn in Germany 
coasts, gave the Dutch a knowledge of seamanship rare or in the Countries of the Baltic; nor did they ever 
in the Middle Ages in any part of Europe, except stimulate a home manufacture by bounties. The trade 
Italy. The Dutch were thus enabled to become the in com was always fjrce, and in consequence, so long as 
naval carriers, first of the North, afterwards of the two centuries ago, Holland was considered a depot for 
South of Europe, nut only conveying to a distance the the occasional supply not only of England, France, and 
products of different Countries, such as the corn, the . other- neighbouring Countries, but of Portugal and 
flax, the timber of the Baltic, the wool of England, the Spain ; fur the warehouses of Amsterdam, according to 
wiiv's of Fiance, the oil and fruits of Spain and Portu- Sir Walter Raleigh, generally contained seven hundred 
gal ; but engrossing the coasting trade of most of those thousand quarters of corn, none of it of the growth of 
Eiuiidoms. Sm h wa< the situation of the Dutch about i he Dutch Provinces. 

the year 1570, when the intolerance of Philip II. of If we analyze the causes of the Commercial prosperity 
Spain led to those Civil troubles which ended in Holland of England, we shall find them to be .partly Physical, 
and the adjacent Provinces withdrawing from his yoke, partly Political. Among the former are our length 
and forming themselves into a separate State, under the of coast, pur easy communication by water, the abun- 
nainc of the Seven I nited Provinces. From that time dance of oqr coal and iron mines, and the vicinity 
forward the Dutch added to their Physical advantages of these mines to navigable rivers. Of our Political 
the still greater blessing of good Government. Having advantages, the chief have been the early introduction 
suffered greatly from Religious Persecution, and seen ’ of the Reformed Religion, the check of the legislative 
how much the public welfare is injured by it, they on the executive branch of Government, and during seve- 
open^d their Country to oppressed foreigners; and no ral centuries a succession of Princes exempt, in a great 
solicitation of foreign Powers could ever prevail on them measure, from a mania for War. Holland could boast 
to withdraw their protection from such refugees. Tolc- neither of mines nor of a fertile soil : but in communica* 
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Commerce, lion by water her advantages wt re still greater Ilian those 
of England. She early enjoyed the blessing of the l*c- 
formatiou, ami possessed in her States or deliberate 
Assembly, a direct though not always an eliivtna! check 
on the executive luaiieli of (Government. 

-Decum Such were the causes of the extension of the trade of 

Holland. We come now to the revere of the pic- 
ture — to its decline. That dated from the early pail 
of the Wlfhh Century, and had made considerable 
progress before 17 50. Of lliisMishos: mg change the 
The Causes, cause was neither deviation from sound policy on the 
• part of Government, # uor relaxed industry on that of the 

people, but the pressure of heavy taxation, and the in- 
sufficiency of the resources of the Country to meet its 
■burdens; first the sums required yearly for its defence 
against the sc% and next the much greater payments lor 
the interest of the debt incuriul in its lung-continued 
wars. In that respect the lot of Holland had been par- 
ticularly severe. She was oppressed in the first instance 
by Spain, assailed in the next place by England under 
("’ronfwcll and Charles 11., and finally obliged to resist 
the unprincipled ambition of Eon is \IV. dining three 
successive Wars; efforts by far too great for so small n 
State. # 

Further causes of the decrease fof Dutch navigation 
may be found in the impiovemenl of oilier Countries, and 
in the measures of their respective Governments tor ap- 
propriating to their own subjects tiist their coasting 
trade, and afterwards their genet al import and export busi- 
ness. .Shipbuilding and seamanship, Arts little under- 
stood in tlie North of Europe during the XVth ami \ Villi 
Centuries, had now become familiar to the inhabitants 
of the maritime districts of England, France. Denmark, 
and the North of (Germany. Jn all those Countries the 
(Governments took steps to carry on their foieign trade 
by direct voy ages, and to avoid the circuit of the Nether- 
lands. Entrepots were no longer necessary when a 
knowledge of navigation had become general, and llic 
cjunnlilics of produce to be conveyed were so great as 
to make it expedient to fetch them from the Countries of 
their growth. 

But the trade of Holland, though reduced as regarded 
Europe, was still very considerable to India and the 
West Indies until* the latter part of thoWlIIth Cen- 
tury, when the contests with England, partly after 17M), 
during our first American War, but’ much more after 
the occuputiorPof Holland by the French in led 

to the most unfortunate results: to the los of the 
Dutch colonies, the continued suspension of their navi* 
gation, and a great depression of their, funded propeilv. 
To these were added, after 1810, the anti-commercial 
edicts of Bonaparte, so that iu the latter years of the war 
the Country was plunged into the greatest distress. 

The return of general Peace in 1815, and the prospect 
of its long eontjfuianee, revived the courage of the Dutch, 
and Jed them to resume, in some degree, their Com me r- 
• cial activity. Without flattering themselves with a re- 
turn of their former prosperity, they have goo 1 grounds 
to hope for a fair share of the trade of Europe. The 
Rhine and the Muese are now more important than ever 
as inlets into the neighbouring Countries, the difficulty 
of ascending them being greatly lessened by steam navi- 
gation ; while in the maritime Provinces, the continued 
level of the soil is very favourable to the conveyance of 
bulky goods by land as well as by water. Great im- 
provements have of late been movie in the public roads, 
and that which in England is now sought at so heavy a 

VOL. YI»» 


charge, a smooth sm (n.i V L Onm-l iu Hub-, ml nbnnst 
without expense. Add to this, that the s lvi-iiHf- dis- 
coveries ol the Age piuiniM* iu be bcnehcal 1.. Ib.lEnd, 
by lessening the he ivy expense attendant on !■< i . , 
position. 'The strength of her dikes mn\ | ,,,, It 
by planting roots which in other ( 'ountm .u.* i,,t , . , 
give tenacity to a sandy soil ; while the Miipn-mg im~ 
pruveimnts l.itely made in England iu ia : mg x \-iter bv 
steam engines, cannot fad to l^e of service m i ( , uMrv 
so liable to sutler- from water overflowing and n er iui ’, 
stagnant mr the surface. 
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England was considerably later than Holland or] dun- II*. 
ders in arriving at Cominercia l einiiieiie* 1 . L mler Will 1 mi h* 
the Conqueror, the rublie revenue appears to have been ! 1 ; 
between £lO0,UO0 and X J 20U,UO() a year, arising less from v * 
taxes tii a ii from the Koval demesnes, The population of m x 
E ngland, whicn at the time .of the Conquest hardly ex- 
ceeded a million, inc; cased in the cour.-e of the succeed- 


imI 

.>k 

Ii 

■ t : < hi 
;<.•)<> 
n. i ■ o.». 


ing three centuries to somewhat more than two millions, 
such being the amount according to the census taken by 
order of Government in 1377, the last, year of t lie reign 
of Kdvvaid (11. The people v.ere scattered in cottages 
and hamlet', over the open country, or rather over those 
portions ot it that wcie cultivated, for in thorn davs 
marshes, forests and heath*- coveted a very large extent 
of our territory. The* villages, h»r they wite too iim.*,- 
nificaut to be called towns, increased their population 
very slowly. The pastures both for sheep and huge 
cattle were extensive : the chief export from the King- 
dom was wool, and tin amount sent abioad varud l‘n»i*i 
<X‘l 00,000 to ,T2o0,()() 0 a year. This evjioit look pl.iee 
chiefly to Flanders, and, m a small deeicr, to I’lxmee, 

Spa iu, and Italy Loudon was the duel shi; ping port, 
and the English of tlio.se days being un.ie»puunt..d vvutf 
the Continental Languages, our foreign trade was con- 
ducted chiefly by foreign? is residing in London; nr. 
Flemings, Italians, and French men. Business ;u bul- 
lion and coin was long carried cm by Jews, but alter 
their expulsion, in the reign of Edward 1., that important 
branch was taken up by Italians from V cnive, IVa, aiul 
(Genoa, who were all called Lombards, and who gave 
their name to the street so well known a" tiicchici le&orr 
of our Bankers. 

.Most part of the foreign trade of England in the 
Middle Ages was conducted by Companies : iudivnlu.il 
capitals were scanty, and a joint slock was indispensa- 
ble to repair any cotisideiabh: losses arming from smp- 
vvroek or l.uluies. ''I’he vessels employed m our foreign t ,ji : 
trade were chiefly Dutch and Italian: those in the -mw 
coasting trade were English, but they were few iu num- 
ber; for our town.-* were then too small to need any 
great supplies of timber, coal, or other article* gcnerdiy 
brought by water. The coal-works at Newcastle now 
so interesting a part of our mineral treasure.- were 
wrought on a very small scale till alter the ye..r 13 |, o, 
for the fuel in common use thioughoiit England was 
wood, a great part of the country being covered with 
forests. Foals, when first biought to London, were 
used (as they are at present in France) only by smiths, 
distillers, soap-boilers, and other m.uiulaelmers ; not m 
dvvelliiig-hotiscy. the smoke being* considered injurious 
to the health of ;i family. Thai prejudice Limimucd 
during seveial centuries; but when it \w»s ar last *?- 
moved, the Mipenouty of coal as fuel, jnnnd to the 
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scarcity and high price of wood, rendered its use quite 
general in London, anil greatly increased the shipping 
employed in our coasting trade. 

The fisheries were curried on at an earl) date in the 
Channel, as well as on the Eastern coast, and contributed 
to the extension of several of our seaports, such as 
PI y month, Yarmouth, Colchester, Lynn. 

Effect of The wars with France, waged by otir Edwards and 
war on It enrys, were very injurious to our productive industry, 
oar trade. Civil wars are far more so than foreign contests, 

whatever may be the expense of the latter. In this 
manner the long .struggles between the Houses of York 
and Lancaster in the \Vth Century greatly checked the 
progress of our population, agriculture, and manufac- 
tures ; keeping the nation in a groat measure from 
reaping ail vantage from our extent of coast, our navi- 
gable rivers and our mines of coal and iron Happily, 
those times of strife and bloodshed were succeeded by 
a ut\ long- period (more than a century and a half) of 
domestic quiet. This repose, together with the bent fit 
arising from the early introduction of the Reformation,* 
and a course of government, which, though very different 
at different times, was, in the main, judicious, enabled 
the Country to recover from its misfortunes, and .to 
establish its agriculture and trade on a solid basis. 

The Will The reign of Henry VII. afforded almost the first 
Cuit uvy. example of useful laws enacted in regard to the national 

industry. Until then, the power of purchasing land had 
been confined in England, as it is at present in Hungary 
and other hull-civilized Countries, to men of a certain 
rank; but a double blow was now struck at Feudal 
usages, for while by one Act of Parliament landholders 
were enabled freely to dispose of their estates by sale, by 
another the compulsory services of the peasantry were 
lessened rtv commuted for a money payment. Naviga- 
tion, too, now began to take a wider range, and voyages 
were performed by English vessels to a considerable 
distance; to the Baltic, Spain, Portugal, and Italy. Still 
our intercourse with those Countries was small com- 
pared to that with Flanders and Holland, which were 
sufficiently advanced in Commerce to purchase our 
wool, hides, and other raw produce, supplying us in 
return with a variety of manufactured articles. 

During the reign of Elizabeth the regulation of our 
Commerce was committed to Cecil, a prudent, impartial, 
and, so far as the state of information in that Age per- 
mitted, an enlightened Minister. He was very ready to 
grant exclusive privileges for various branches of foreign 
trade, Mich as that to the Levant, the Baltic, Africa, and, 
lastly, to the East Indies. Such u course, however 
conlraiy to our present impressions, was unavoidable in 
an Age when individuals had little capital, and when, 
without an assurance of ultimate advantage, they would 
have been neither able nor willing to incur the expense 
attendant on the outset of almost every mercantile settle- 
ment in a foreign Country. - 

We pass on to the latter part of the X Vlth Century, 
a time at which England had enjoyed a hundred years 
of internal peace, and had reaped her full share of the 
benefit arising from the influx of the precious metals 
from America. Our towns were still small, and the in- 
habitants lived chiefly in the country, in villages and 
hamlets, but their situation, compared to that of their 
forefathers, was amended in various respects* . The 
amount of the y early exports and imports had increased ; 
and so also hud the persona! corpfort of nil ranks, in food, 
clothing, and lodging. The dwellings of the middle 


and lower classes, from being little else than sheds or Commerce, 
cabins of wood, weie constructed, at least such of them 
*as were new, of stone and brick. This was the era at 
which floors were substituted for th& bare earth in the 
lower part of the dwellings, ami glass became generally 
'used in windows in lieu of the born and lattices of 
ruder times. 

During the X Vllth Century, the Western or maritime The 
part of Europe reaped the advantage of former clis- and 

c<>\ fries and extended ils navigation both to India and . 
America. The chief share of this Trade fell to # the 1 UrMfi1, 
Dutch, whose situation might be r compn red to that of 
husbandmen practised in the labours of the field, and 
ready to enter on the opening harvest, as they were 
much more advanced in navigation and productive 
industry generally, than either the French or English 
of that Age. There was, however, a continued, though • 
very gradual, increase of our mercantile tonnage, mid a 
strong desire on the part of the Public to enlarge it at 
the expense of our Batavian rivals : hence our celebrated 
Navigation Laws.* 

So early as the reign of Henry VI I. there were passed Our Navi- 
Acts of Parliament enjoining that certain commodities gntiou 
from abroad should be imported only ii* English ships, b*uvs. 
manned by English seamen. Half a century later, in 
the reign of Elizabeth, laws were passed, to exclude 
foreigners from our fisheries and coasting trade ; but it 
was in 1G:> 1 , and under the influence of Cromwell, that 
the principal Navigation Law was enacted. Its chief 
dispositions were as follows. 

Merchandise of the growth or manufacture of Aria, 

Africa, or America, to be imported only in English ves- 
sels, of which the muster mid chief part of the crew arc 
English. 

Merchandise of the growth or manufacture of Europe 
to be imported into Great Britain only in British ships 
or in ships belonging to the Country in which the goods 
were produced. 

Such was the substance of the Act of 1651. In 
166*2 it was in some- degree modified, and the injunction 
to import in British ships was confined to certain articles, 
culled on that, account “ enumerated articles;" but these 
comprised all goods that were bulky, or of importance 
with a view to freight, such as corn, timber, hemp, flax, 
wine, spirits, sugar. 

These laws effectually .prevented the Dutch from 
acting the part of naval carriers between England and 
ytht’i Countries, and necessarily increased our mercantile 
tonnage, the. amount of which was raised from 95,000 
tons in 1660, to 190,000 tons in 1688. 

Our North American colonies, in particular New Trade with 
England, Virginia, and Maryland, considerably increased N«rthAmc- 
their population and trade in th«f latter part of the 5 1 ™ 
XVUih Century. The shipping then employed in our VUb n ^ 
intercourse with them, though very different in size, was 
equal collectively to about 206 .vessels of 200 tons each. 

There was an increase also in the trade of .our West 
Indian Islands, the chief of which at that time were Bar- 
budoes and Jamaica. With ull these colonics our prin- 
ciple of intertourse was monopoly for monopoly : we 
required them to receive their manufactures wholly from 
us, and to send to England in the first instance almost 
all the produce they exported ; while, in return, we 
opened to them our market of consumption; and im- 
posed high duties on similar goods when brought to us 

* that head in our Mwillantpu* Dititmt, 
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Commerce. frojn other parts. Thus the flax, hemp % and ship- timber 
imported Into England from the Baltic were subject to 
duty, while the same articles from North America were 
duty free ; the culture of toUicco at home "was prohibited, 
in order that our market might be open to the tobacco of 
Virginia. On the other hand, we required tliat the rice, 
sugar, and oilier produce of our colonies destined lbr 
the Continent of Europe should be sent in the first 
place to England. The colonists were allowed to hold 
direct intercourse only with the Countries South of Cape 
Finisterre, viz. Portugal, Spain, Italy, the Levant; which 
not being manufacturing Countries were not likely to 
_ compete with us in the supply of finished goods. 

Trade mill: Towards the latter purl of the XV 1 1th Century, our 

Spanish manufactures having acquired a certain degree, of ex- 
J lncl,c l ' tension, there took place a considerable export of them 
to Cadi/, lor the supply of Mexico and other Spanish 
colonies. To this was, some time after, added an ex- 
tensive contraband traffic carried on between those colo- 
nics and our West Indian Islands. .The Spanish Govern- 
ment exacted a duty on all manufactures imported into 
America, and was very jealous of intercourse between 
their colonists and Europeans ; but it was found im- 
possible to prA'ent smuggling along a coast of such vast 
extent, and within the reach of such active navigators as 
the English. The occasional rencounters between our 
contraband traders and the guard a-coslas, or Custom- 
house vessels of the Spaniards, led to repeated conflicts, 
and were one of the chief causes of the destructive war 
between the two natious, which began in 1739. 

With Portu. Portugal being in close alliance with England, our 
tf.il un«l trade with that Country and her colonies was open and 
brazil. unshackled : they bought, from us quantities of woollens/ 
hardware, and other manufactures, giving us in return 
wine, fiuit, and occasionally gold from ttrav.il. 

With India The nature of our East Indian trade differed mate- 
rially from that to North America or the West Indies. 
We made no attempt to colonize India ; our expoits to 
it were less in merchandise than in silver ; our returns not 
in produce but in calicoes, silks, and other light manu- 
factures. Of these, the half at least was re-exported to 
the Continent of Europe, their consumption in England 
being subjected to a heavy duty, in order that we might 
preserve our home market for our own manufacturers 
Acta of The reigns of Elizabeth, James I., and Charles 1. 
Pailiument had been thoiera of monopolies and exclusive grants ; 
trade t0 un ^ er CrOlllWcll many of these were abrogated. 
ia u f pbis was a natural result of the progress of trade : the 
capital, intelligence, and enterprise of merchants having 
increased, it became fit and even requisite to open to 
them the field of competition in business. Unfortunately 
in the next reign* (that of Charles II.,) Government lent 
itself to the urgency of our manufacturers and their 
partisans in Parliament, so fur as to impose heavy duties 
on foreign goods. There was a general complaint on 
the part of thA Public, that a preference was given at 
. Court to French articles, and our Custom-house returns 
certainly showed all increased import of the finer wool- 
lens and linens ; also of silk, paper, and glass from 
that Country, the total value exceeding* a million an- 
nually ; while the export of English articles to France 
wm comparatively insignificant. This led, in 1678, to 
Acta of Parliament imposing a heavy duty on a uumber 
of commodities from France ; a course followed with 
double vigour gfier the Revolution in 1688, and the 
ensuing war $ national animosily concurring with the 
belief that our interests Called on us to exert our 


utmost efforts to di^-mirage the use of articles Commcrv. 

and extend that of our own. In regnid to Ihejhsh 
good-s exported, Government not only n tinned whairu*: 
duties had- been previously paid on them, but in various 
eases granted a bounty on the export. It fin bade :*K<i 
the sending abroad our raw materials, such as wool or. 
hides, and hnlf-tinislud articles, such as undyed cloths 
in order that all the work required to complete them 
might Ik* performed ju this Country. 

This was the beginning of what is called h\ Political TlieMir- 
Eeononiists the Mercantile system ; a syMcni which ap- cautilutijs- 
pears in a favourable light to men accustomed to judge tt,n> 
from first impressions, and w ho, conversant only with lue 
practice oi trade, have little knowledge of its genet a l 
principles. Such men form their opinions on a very, 
confined view of things; on the events passing under 
their eves, without considering that these are hut a few 
links m a complicated chain. Thus gold and silver 
were in their view less the representatives of wealth, than 


wealth itself; and they judged it highly desirable to get 
as much as possible of both into the Country : hence a 
preference to a trade, such as that with Spanish Ame- 
rica, in winch the returns were made in hard dollars. 


Having become possessed of a certain portion of the pre- 
cious metals, the next point with the advocates of this sys- 
tem, was to secure our tenure ; hence the repeated prohibi- 
tions against the exportation of coin. It never seems to 
have occurred to these reqsoncrs that money, like any 
other commodity, will find its wav into a (’on nti y possess- 
ing, either in produce or manufactures, ai tides which its 
neighbours are desirous to obtain ; and that the true plan i 
to bring money into a Country is to favour the increase 
of such commodities. Now the best method of favour- 


ing such increase is to lower duties, abolish exclusive 
privileges, nr otherwise remove the impediments to pro- 
duction. That done, the legislature may safely tr.*t 
individuals with the sale of their property, satisfied that 
wherever there is an abundance of vuhiablo goods there 
will be no want of money to circulate them. 

Another leading tenet in the Mercantile (Teed was that 
we ought to make at home whatever is required for onr 
own consumption, even articles, such as silks, of which the 
raw material is not of home growth. This might be u 
very proper rule if every nation imnuifu tured exclu- 
sively ibr itself, and if our power of selling the ai tides, 
■in which we have an acknowledged superiority, such 
as hardware and cottons, were restricted within specific 
limits, ttut now that the World at large is open to our 
exports, the widest plan evidently is to leave manufac- 
turing industry to its natural course. One Country may 
excel it ope branch of a manufacture, and another in 


another : thus as to silks, the French are superior in 
fancy articles, the English in several other kinds of silk; 
and if we can sell the latter to our neighbours, it is 
evidently our interest to buy fancy goods from them, 
rather than to maintain an unprofitable competition in 
making them. Let our general rule be <o extend only 
such matin lactuns as are best adapted to our national 
means, such as require an abundant supply of fuel and 
an extensive communication bv canals. These are hard- 


ware, cottons, woollens, earthen ware, glass; and if we 
can supply these on better terms than any other Country, 
we may rest assured tliat their sale will be so augmented 
as to fftilnd us ample means for purchasing the articles 
(and they arc not many) which foreigners can supply on 
better terms than onr Countrymen. 

The Revolution of 1688 led to our taking a promi- 
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Cjv.nmerce. nent part in Continental Politics and carrying on wars, 
by moans of the Funding system, on a scale of expense 
KHij/t oa till then altogether unknown. This had a remarkable 
Tne vi irs 111 several respects on the state of trade. First, 

a t\ tr ibs:). the decided superiority of our armed shipping obliged 
both the French and Spaniards to trade with their culo- 
* liies by means of neutrals, which prowd a great advan- 
tage to Sweden, Denmark, and the seaports in the North 
of Germany. These Northern Slates benefited also by 
the increased demand for hemp, flax, canvass, and iron, 
arising out of a state of war; while from England there 
was an augmented export of clothing, arms, and other 
military stores, these forming the most convenient mode 
* of paying subsidies to our allies. The natural effect 
of the war was to lessen our intercourse, at least our 
legitimate intercourse with France, for a great deal of 
smuggling continued to take place between the tvtfo 
Countries ; viz. in silks and laces from France to Eng- 
land, ami in wool and hardware from England to 
France. 

Our inland Such wits the state of our foreign trade in the middle 
trade. 0 f the last century: in regard to our home traflie we are 
arrived at the period when our inland communications 
were greatly extended ; when our turnpike- roads were 
improved, and canals began to be excavated. Hence 
a remarkable increase in the manufacture of several bulky 
articles, such as glass, pottery, and .hardware, which 
require canals for a double purpose: first to' bring coals 
to the scat of manufacture during the process of pre- 
paration. and next to take the goods to market when 
completed. 

As to corn there w'as not. as in the present Age, an 
insufficiency in our growth tor our consumption ; there 
was in general a surplus and an export of corn during 
the first half of the XVIIIth Century. 

I iciest of r The gradual increase of monied capital in England 
uvms was indicated by .the progressive though slow reduction 
of the rate of interest. In the middle of the With 
Century teu per cent, a year was allowed by law, and 
was the usual rate for money lent on good security. In 
a century later, under Charles II., money was commonly* 
lent at eight perceut; but soon after 1700 the legal 
rate was reduced to five per cent. Towards the middle 
of the XVIIIth Century the current rale on good se- 
curity did not exceed lour per cent. ; hnd in Hollafld 
money could be borrowed still lower ; viz. at three per 
cent. 

Increase of In the hundred years which elapsed between the 
our public accession of .William 111. and' the French Revolution 
tort eus. England sustained five foreign wars, each conducted on 
a great scale and at a very heavy charge. Thcic respective 
dates were : 

From 1689 to 1697. 

170*2 to 1713. 

1740 to 174S. 

1756 to 1763. 

1775 to 1783, 

The sacrifices attendant on such wars may be re- 
duced under two principal heads; waste of capital as 
shown by fthe yearly additions to the public debt ; and 
loss of productive labourers, as well from the number 
who fall in the contest as from the still greater number 
who are Withdrawn from agriculture, manufactures, and 
mechanical work9 to the service of Government. Con- 
fining our estimate to the former of these heads, to the 
increase of our public debt, wc shall divide the wars 
during the century in question into three parts ; thus, 


The wars of King William and Coatipere* 

Queen An itfc lasted nearly twenty • N — 

years, and added to our debt* . , *£51, 000,000 

Those u ndor George II. fifteen 

years 80, 000, 000^ 

The American war under Geo. 

III. eight years 101,000,000 

Each of these contests was maintained by our * 
Government with great ardour, and with as large a de- 
mand on our resources as it was possible to make with- 
out depreciating the currency. The waste of life und 
property was consequently great, but that which took 
place under William and Anne, was happily, in a great 
measure, repaiiod during the long Peace which followed 
the Treaty of Utrecht. < After 1763 the season of relief 
did not last so long, and the magnitude of our expendi- 
ture during the ensuing war with our colonies was uu- 
precedently large ; but, on the other hand, there \yus by 
that time a great increase in our resources, in our 
means of augmenting our products and of recovering 
from the losses dud burdens of war. Our canals were then 
in u course of extension ; our towns had increased their 
population ; the farmers were assured V>f ready sales 
for their produce at fair prices; the use of Rank paper 
was becoming more general ; the cotton ami hard- 
ware manufactures were in a stale of activity ; and as 
there was an increased demand for coal and iron, our 
mines for both w'ere wrought on a larger scale. These 
are substantial constituents of public wealth, and they 
enabled our Countrymen of the last generation to recover 
from the gloom produced by that which at first seemed 
mi irretrievable misfortune, the separation of the North 
American colonies from the Mother Country. These ad- 
vantages allowed our manufacturers to meet the French 
and other rivals in foreign markets, and to retain the 
supply of the United States of America notwithstanding 
the antipathy of the inhabitants to England. 

Next came the Commercial Treaty with France, con- 
cluded in 1796, which opened the ports of one Country 
to the other, and .naturally led to a trial of their compa- 
rative ability to furnish the great articles of manufacture. 

The advantage was in most articles on the side of this 
Country, and the cause of it was not, as was so often 
contended by Ronaparte and h>s partisans, unfairness 
in the conditions of the Treaty, but the superior means 
of our manufacturers; a cause which still remains in 
full force, anil deters the French Government of the 
prepent day, however friendly in its disposition to 
England, from renewing the open intercourse, or in 
other words, the competition between the two Countries, 

Our financial difficulties were great tn 1783 and the The period 
fill lowing years, but our prospects gradually brightened from 1783 
and ourtrade became flourishing both at homo and ubroad. to 
This improvement took place without the. interference of 
Government, for it was assuredly not cahsed by boun- 
ties, prohibitions, or other artificial expedients : it was , 
the legitimate result of our applying capital and indus- 
try to improve our national resounds. Agriculture 
prospered although the rise in the price of corn was 
slight; our shipping was increased greatly notwith- 
standing its augmented cost. This, with the extension 
of our manufactures and the increase of our population, 
afforded a proof that, heavy as bur burdens had be* 
come, we were not unable to bear them ; and that the 
expenditure in our former wars, although occasionally 
lavish and often injudicious had not, as in the case of 
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Commerce. Holla ml* been carried so far as to produce a serious 
decline fin our productive industry. 

Sobarquent The dauber of such u decline ^as reserved for the 
tinnHof subsequent wars, conducted as they have been with tin 
unexampled profusion of treasure. Various causes 
concurred to produce this extraordinary scale of ex- 
penditure. Our Sovereign was highly popular, while 
the Revolutionary Government of France, and the 
militury usurpation which followed it, excited during 
many years the greatest alarm. Mr. Pitt posseted 
the public confidence in a high degree ; but above 
all, the uhundunce of money arising from the. exemp- 
tion of the Bank from cash payments removed the 
nstial checks on pecuniary supplies, and rendered 
• money abundant both with Government ami the. Pub- 
lic. Every department of productive industry felt the 
advantage attendant on an uniTiterrupted command of 
qioney. The old adage, “ War begets poverty, and 
poverty Peace/* ceased to be applicable to England, for 
all brandies enjoyed, or sertned to enjoy, a degree of 
prosperity hitherto unknown in time of war. The agri- 
culturist was enabled to pay an increased rent ; the 
manufacturer to raise his rale of wages ; the merchant 
found his tran^ietions extend year after year, and profes- 
sional men in very many cases doubled the incomes which 
they had received in Peace. No wonder, therefore, that 
there should be a general belief during the war that the 
wealth of the Country was on the increase ; few per- 
sons suspected that the rise of prices and incomes was, 
in a great measure, nominal; and hardly any could 
foresee the extent of reaction at a Peace. It was not 
until lately, that the continued decline of prices and 
* incomes has shown, beyond doubt, ihc unstable founda- 
tion of their increase during the war; and has given 
warning that u continued state of Peace is likely to bring 
our markets still lower ; probably to the level of 1792. 
Grounds of The Supposed grounds of our prosperity during the war 
supposed arc thus found to have been temporary and fallacious, 
prosperity Our manufactures increased greatly in price, but that was 
d** 111 *? no indication of augmented wealth; it was owing chiefly 

War * to a rise in the cost Sf labour, raw materials, and other 

constituents of price. Since the Peace the picture has 
been reversed ; the quantities {Mutually manufactured 
have increased greatly, but the prices have fallen in a 
still greater ratio : the citu§e has been the decrease in 
the cost of the raw material, in the rate of wages, and in 
the profits of tile manufacturer. 

Our mercantile shipping presented a considerable in- 
crease during the war, but it was irv a great measure 
owing to the amount of tonnage employed by the 
Transport Board. But of all the branches of our pro- 
ductive industry, our agriculture has placed in the most 
striking light the difference of prices in War and Peace. 
Com and other country-produce continued to rise almost 
without interruption during the twenty years of War ; 
they have declined with equal uniformity during the 
eighteen years of Peace. A similar rise and fail has 
taken place ill professional Incomes, and if, in the im- 
portant head of house* rent, the decline does not extend 
altogether so far, it has been owing to thq progressive 
increase of our population which since the Peace has 
gained thirty per cent. 

This continued decline of the prices of commodities, 
and the consequent reduction of incomes, 1ms come on 
oar merchants and manufacturers in a manner os. little 
expected, and a» little understood, as was the rise of 
prices mod increase of incomes during the War. No 


subject has occasioned greater differences of opinion, or Commerce, 
a greater variety of schemes tor the relief ot tiade. v — 

Most ot these, when thoroughly investigated, are found 
to give but slender assurance of the benefit so fondly 
anticipated hf tln ir projectors : nor will merchants of 
reflection consider it possible that the evils arising from tt 
lavish expenditure during twenty years, can be speedily 
removed by any plans, financial or commercial, however 
plausible. We Jiave, however, the satisfaction of know- 
ing that the national resources are on the increase, and 
that llicy bid fair to lessen, in the Course of yeais, the 
pressure now bearing so hard on the productive classes. 

The first .step towards a judicious application of these 
resources is to acquire an accurate knowledge of our situ- 
ation, to obtain a distinct view of the origin and causes 
of our difficulties. For that purpose we shall now # 
subjoin a summary of our Commercial and financial * 
affairs from the entrance Into office of the Statesman, 
from whom the extraordinary fluctuations of the last half 
Century certainly had their origin. 

British Trade and Finances (hirin'* the. Administration 
of Mr. Pitt. 

Mr. Pitt was placed at ihc head of the Treasury and 
of the Government iu 17S1, at the. early age of twenty- 
five. lkis precocious advancement to this high station 
was owing to several causes ; to his remarkable success 
us a spcnlfr, io the veneration entertained by the 
nation for Iris father's memory, and to an impression 
that the eminent qualifications of Lord Chatham hade 
fair to reappear iu his son. Our public men have 
often had cause to regret coming too early into office; 
anil ofien have they wished undone the favourite mea- 
sures of their early years. And if such was not the 
case with Mr. Pitt, it was owing chiefly to the Coun- 
try remaining at peace during nine years alter his ac- 
cession to office. The course to be followed by a Mi- 
nister during that period, though difficult, was not alto- 
gether so beset with perplexity as at a subsequent date. 

Several of our present grievances were then, iu a man- 
ner, unknown. The Corn Laws were then of very 
limited operation ; provisions were dearer here than on 
the Continent, but not in a degree to affect the success 
of our manufactures or the comfort of our mechanics. 

There was in those davs no agricultural distress, for 
though the prices of corn were lower than at present, 
farming expenses were low iu proportion, and there had 
been uo downfai from belter times; no return from 
Bank paper to cash payments ; no complaint of having 
to pay in gold debts contracted in paper. The diffi- 
culties of that Age were altogether different: they arose 
from the discouragement attendant on the recent loss of 
our North American Provinces, and the low price of 
our public funds. Several financial reforms were Re- 
quired, but it was extremely unpopular to impose anv 
new tax. to meet the deficiency attendant on such re- 
forms, or to make the revenue exceed the expendi- 
ture. The high duty on tea having led to a most c\- Thi* duty 
tensive system of smuggling, it was very desirable to an fc.i com- 
redute the duty at least for some years, so as to cut up 
smuggling by the roots. A determination to that effect 
was taken, but it required a substantial public advan- 
tage to reconcile Parliament or the nation to the taxes 
granted in lieu, or, as it was called, as a commutation 
for the tea duty. Some of the taxes imposed at this 
time by^ Parliament, in particular the shop la.\, Mr. Pitt 
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C.mvniToc. found it necessary to abandon. In a few years, however, 
his difliculties were lessened by the grim ing produce of 
the revenue, consequent on continued peace, increasing 
population and extending trade. AVe possess but few 
statisticaf documents for the period in question, mid the 
yearly increase of our numbers cannot he considered to 
have been so high as at present, inasmuch as \accinatiun 
was then unknown, and the cheapness of cotton-clothing, 
which in later years has so greatly Va\ wired the health 
of the lower orders, did not then exist ; but the yearly 
increase prnb-ihly averaged one per ceut. or upwards. 
Hence an increase in the portion ofrevenue arising* from 
consumption As to another material point, the value 
of our manufactures exported, it rose during the earlier 
years of Mr. Pitt's Ministry progressively from eleven 
^to fourteen millions; and eventually, in 1792, to eighteen 
millions a year. * 

Comraev- One of the first Commercial measures of "Mr. Pitt 
cial Tre dy WJls a Ticaty with France in 1786. The speech by which 
withliauce. j Jp j n t ro( | nm | this Treaty to the consideration of Parlia- 
ment was replete with sound and liberal views. The 
conditions of the compact were fair and moderate, and 
in the different transactions that ensued, u balance of 
profit accrued to th.‘s Country, possessing, as it decidedly 
did, superior advantages for trade and manufactures. 
The Treaty thus became unpopular in France, and 
proved a theme of frequent declamation with Bunaparte, 
who, to ingratiate himself with* the trading part of the 
French, repeatedly declared that “ never would he sign 
such a Treaty that which the art of the Knglish 
Ministers had extorted from the weakness of the liour- 
bo^l i ^. ,, * 

The Sink- The jear 1786 was the era of another measure of 
ini* Mr. Pitt, which for a long time was much vaunted— the 

revival of the Sinking Fund. That ‘fund originated 
above a century ago with Sir Robert Walpole, in whose 
day our finances differed greatly from their present 
stale ; our national debt being under sixty millions, and 
our public revenue less than six millions a year. The 
long peace enjoyed by this Country under that judicious 
and vigilaut Minister, added to the operation of e\cn a 
small Sinking fund, had the effect of greatly raising the 
price of Stocks, so that in the year 173*2 the three per 
cents were at 100, and in 1739 at 107. As the loans 
of individuals are affected in their terms by those of 
Government, the low interest of the public funds caused 
a low rate of interest generally, of which the monied 
men complained, alleging that they could no longer 
obtain a suitable return for their capital. To lessen 
their complaints, as well as to avoid the odium of new 
taxes. Sir Robert had no scruple in resorting from time 
to time to the Sinking Fund for the payment of various 
public expenses. This example his successors in office 
showed themselves very ready to follow; and the Sinking 
Fund, though at no time wholly suspended, was so often 
trenched on, that it did not discharge above fifteen 
millions of the public debt in the course of half a cen- 
tury. 

Mr. Pitt's measure in 1786, was a revival of the 
Sinking Fund, nearly as introduced by Sir Robert 
Walpole, but with various safeguards to prevent the in- 
come constituting the fund from taing diverted to any 
other purpose whatever. With that view the whole was 
put un&r the direction of a Commission, and the Com* 
misstoners were rendered independent not merely of the 
Ministry, but in some degree of Parliament. The sources 
of the income of the Sinking Fund were, 


1. An annual million to be paid to it out of the taxes, Commerce, 
whatever might be the state of the revenue. 

2. The amount of such annuities payable by Govern- 
ment as from time to time lapsed or expired' by the 
demise of the annuitants. And, 

3. The interest of the Stock annually bought up by 
the Sinking Fond ; such Stock not to he cancelled, but 
to be entered in the books of the Bank in the name of 
the Commissioners of the Sinking Fund, the dividends , 
or interest on it going in aid of the Fund. 

Such was the Sinking Fund of 1786 when brought 
into full operation ; it extinguished annually about a 
million and a half of three per cent/ Stock: that is, the 
public by paying in taxes, a million sterling more than 
they otherwise would, paid off as much of its debt ns 
rcdiK&d the interest by £*50,1)01) a year. This and this 
only was the arithmetical operation of the measure ; but 
benefit was expected from its principle, from Parliament 
giving a plecfge to the world that the nation, however 
burdened by taxes, was determined to pay u million a 
year above the Government expenditure, for the pur- 
pose of lessening its debt and keeping up the public 
credit. 

It is needless to enlarge on the flattcryig calculations Objection* 
of the effect of compound interest, with which Or. Price *° 
ushered in this boasted scheme. The annual million, 
as well as the other sources of income to the Sinking 
Fund, were evidently drawn from the pockets of the 
Public ; in other words, they were abstracted from pro- 
ductive employment. The judicious Vauban, when 
writing oil the finances of France, long since told 
the World, that were Governments wise, they would 
be sparing of taxes : he said with truth, L' argent tv tnivux 
employe vst celui qui IcJtoi lame nitre les mains dv. ses 
si /jet*. The tanking Fund is now little thought of: it 
has fallen almost into a state of non-cifu ieiuy. The 
question is how far circumstances, in the early part of 
Mr. Pitt's Ministry, \vere such as to justify the adop- 
tion qf the measure, or to reconcile its adoption with 
the general admiration of his tajents. Mr. Pitt was 
then only in his twenty-seventh year, and could not have 
reflected either long or profoundly on the sources of 
national wealth. lie had read Dr. Smith’s Work, and ho 
discovered in his public speeches a very proper sense of 
its value ; but that Work is tint instructive on the Subject 
of taxes. Biit the great deficiency in Mr Pitt's elements 
of calculation was the absence of statistical documents, 
and of proofs of the tendency of this Country to prosper 
without any artificial aids. His naturul good sense and 
disposition to view the. future in a favourable light, 

, might, and probably did, suggest to him reasons for con- 
sidering the national prospects as encouraging ; but he 
was ill provided with documents on which to found snch 
an opinion with confide nee. If, even at present, our 
public - men. have no adequate idea of our growing 
resources, it need not be mutter of surprise that no man 
of authority in those days should have come forward to • 
say, 44 Instead of making the nation pay a million a 
year additional, keep the taxes at the lowest possible 
amount, and. trust to the benlfit that will in a few yearn 
accrue to the Treasury from a gradual removal of the 
obstacles to the extension of productive industry. 91 Thera 
were iti those days no population returns ; no evidence 
that the increase of our towns added largely to the 
national resources ; no proper estimate of the extent of 
our iTOn mines ; nor of the benefit likely to result front 
our abundance of eoal when applied to steam machinery* 
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Commerce. Instead of such views, Mr. Pitt was probably assailed bv 
such- Miggestions as, 4< The price of Stocks can be raised 
only by continued purchases for account of Government, 
and these can be made only by a Sinking Fund pro- 
vided with a yearly re\cnuc ; the Stockholders desire 
such a measure, and to the nation at largo it will be an 
indication of vigour ; a declaration that we are willing 
to submit to on extra burden at present in order that we 
may lighten the burdens of posterity.” This was very 
plausible advice, and wo iildjic considered by the multitude 
us both spirited and judicious. The course of our nar- 
rative will soon sliny the singular measures into which 
Parliament was led, after Mr. Pitt's death, by the at- 
tracts name of a “ system of vigour so that we need 
• hardly wonder that he, young as he then was, surrounded 
by feeble coadjutors, and unprovided with the documents 
requisite to form right conclusions, should have pursued 
a very different course from that which he would ha\e 
adopted in mature age and with more correct iniorma- 
lion. 

A main cause of the Commercial and financial em- 
barrassments of this Country, lias been the unacquaint- 
giice of our public men with the principles of productive 
industry. Of^lris ignorance a striking instance was at 
that time given by Mr. Fox, who, though opposed to Mr. 
Pitt in so many of his measures, gave his cordial appro- 
bation to the Sinking Fund. This he was led to do 
not from a knowledge of the subject, which he never 
studied, but from the specious nature of the plan ; per- 
haps from a constitutional confidence which* prompted 
him. without much inquiry, to place a part of the 
burden on our own shoulders instead of tho*e of our 
posteiity. On the other hand Ford Grenville, so long 
the colleague of Mr. Pitt, and his professed admirer, 
subsequently altered bis opinion of the Sinking Fund, 
and tar* publicly maintained that the measure was im- 
politic. 

We are now arrived at the troubled era of the French 
Involution ; at the time (1792) when the Jacobins be- 
came guilt) of the greatest excesses, and tfhen the finan- 
cial relief to be expected from a continuance of Peace 
seemed, in the view of our Court, and the major part of 
our Nobility, a secondary object compared to the danger 
that threatened us if we remained quiet spectators of the 
commotions in France. Till this time Mr. Pitt had 
maintained amicable relations with the ruling parties in 
France, but wrtien they had driven their King from his 
throne, and declared their Government a Republican 
was called on to come to a decision on the momentous 
question of Peace or War. His personal wish w as for 
Peace : both the success of his financial measures, aiul 
the prosperity of our trade, were connected witli its 
maintenance ; but after the murder of Louis, and the in- 
vasion of the Netherlands by the French, he assented, 
and wus in a manner obliged to assent, to the alternative 
of War. 

The determination once taken, it was conformable to 
his character to prosecute the War with vigour; to 
regard his financial savings as secondary to our military 
operations; and while he maiutained the linking Fund 
as to' form, to adopt a course which in fact suspended, 
and much more than suspended, its reducing powers — a 
yearly borrowing of money to a large amount. Our 
navy, and still more our army, had been on a small 
establishment duKng the preceding years, but both were 
increased forthwith. In the second year of the War our 
expenses were atqpnented ; in the third and fourth year 
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(17!K> !)0) tli'-y wcr<> further increased, so «.»t iho scale Commerce, 

ol our expenditure much exceeded that ot unv former 
period. 

In rah mg supplies the Ministry experienced great 
difficulty fmm two causes ; first the distress of tnwh* 
consequent on the high rate, of interest, so much of 
the capital of the Country being required by Govern- 
ment; and next the difficulty of providing for our dis- 
bursements abroad, which could not be met in Rank 
notes but required specie. When a loan.wa- pmposed. 

Hie anxious question in those days was not m> much 
what was its amount, as what part of the amount would 
be requited abroad. These were* the chief causes ol the 
adoption of that measure which distinguished the late 
wars from all others, and which gave Government, a 
great and long continued, but as the result has shown, 
a delusive accommodation — the exemption of the Hank Pv^r/lion 
from Cash payments. The immediate cause of that "f the* 
measure was a continued drain of gold, from the Bank H -i»k from 
in February 1797 ; but we may safely affirm, that a step 
of the kind had repeatedly entered into the consideration. 
of^Ir. Pitt and the Rank Directors, as a relief from the 
grievances under which all p.irlies. Government, the 
Hank, and the mercantile interest, la homed from the 
magnitude of our expenditure. Anxious as were the 
Bank Director*? to support Government in the war, 
they could not, in prudence, strip the Hank of its trea- 
sure so long they were liable to pay cash for then 
notes on demand. They watched, and weie obliged 
anxiously to watch, the exchanges with the. Continent, 
which a deficient harvest or the remittance of a large 
subsidy to'our allies never failed to render mifavouiablc 
to us. In 1795 and 1796, both these causes hurl been 
in operation: they had impoverished the Hank as (o gold, 
and had produced the greatest inconvenience to mer- 
chants by the difficulty of discounts. Accordingly, lip 
sooner did the exemption from paying in cash take. ^ * 
place, than the small notes issued by the Rank were 
more favourably received by the mercantile body, who 
hailed the change as the era of their relief, the dawn of 
a season of abundance. The Bank was now no longer 
under the necessity of watching the exchnnges, or of re- 
strictiiigtheiradvancrstoeitherGovcrnmenlor merchants, 
on account of their stock of cash being limited ; they 
merely looked to the security, to the probability of the 
bills offered to them being regularly paid when due. 

The relief thus afforded to the Public was general and 
complete ; it pervaded every part of the Country. 

Farmers had no longer difficulty in paving their rents, 
nor householders (heir taxes, greatly as they were now 
increased. The price of commodities, whether produce 
or manufactures, rose year after year - the same was the 
case with wages, salaries, professional incomes. The 
War was no longer unpopular, and the financial mea- 
sures of Mr. Pilt were extolled as the instruments of our 
political salvation. 

In this n\aniier were we conducted to the end of the 
first war with France. Happy would it have been had 
we understood the precarious and unstable character of 
a paper currency when not convertible into cash, and 
had we been aware, that circumstances might, and very 
probably would, arise, to carry its depreciation to a 
serious length. During the first year of. the War, 
renewed in 1S03, Mr. Pitl was out of office, but in Renewal of 
questions of trade and finance his opinion had at all 
times the greatest weight. An income-tax of five per 
cent, was proposed by Mr. Addington, and met with 
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Comnu r:i\ very little opposition after Mr. Pitt gave hi* opinion 
- — that ,to impose it on funded property was no breach 
oi faith with the public creditor. On aiiother oco- 
sion in which he dissented from a tux proposed by 
Mr. Addington, and adopter! by a majority of the 
House, the members saw the Minister appear next day 
in his place and withdraw the Rill they had sanc- 
tioned, doubtless because ho considered the dissent of 
Mr. Pitt as the most serious of exils. Next year, 
1S04, Mr. Pitt was recalled to office, but his tcnuic of 
it was unhappily too short, for in less than two years his 
deatli took place, at the early age of tbrty-seven, and in 
the miust of our contest with France. 

British Trade and Finances since the Death of Mr. Pitt . 

The successors of Mr. Pitt in the financial depart- 
ment were first Lord Henry Petty, (now Lord Lans- 
downe.) and afterwards Mr. Perceval. Both followed 
up Mr. Pitt’s plan of finance, the main feature of which, 
after the increase of our circulating- medium had re- 
lieved the wants and increased the incomes of indivi- 
duals, was to raise the chief part of the supplies w ithin 
the year ;” that is to borrow less than we had done pre- 
\ioiisIv, and to look for the chief provision for our ex- 
I ic perpliture in high temporary duties ; brother words in 

' Vl wav-taxes, so called because Government was pledged 

that they should continue only during the War. 

When the Grenxille Ministry was removed from 
office in March 1S07, our. trade and finances fell under 
the direction of men who moved in the footsteps of 
Mr. Pitt, but who, when compared to him* us tn in- 
formation and judgment, were distant longo intervatlo . 
They had not been a year in office before they discovered 
an umcquaiutance with the course of our foreign trade, 
total unconsciousness of the precarious nature of our 
tfatik paper, by adopting a measure which Mr. Pitt 
would never have sanctioned — the stoppage- of neutral 
navigation. This was effected by the Orders in Coun- 
cil of November 1807, a measure never thoroughly un- 
derstood either by the House of Commons or the Public. 
These Orders were expressed in the complex style of 
law papers, and their true object was kept studiously 
out of sight, as well it might be, for never was there a 
Commercial edict less to be justified, or less fitted to 
bear investigation. The real account of it is as follows : 
entrap The \y ar had hy that time lasted above twelve years, 
the aiWan- a,l( l added heavily to the expense of our ship- 

tagts which owners : timber, hemp, w ages of seamen were all en- 
it enjoyed, hancerl, and an extra time was generally required for the 
voyages of our merchantmen fi om the necessity of wait* 
ing lor convoy. ’ From these various disadvantages 
neutral vessels were free, and their navigation being 
carried on at less cost, they* had an advantage over Bri- 
tish shipping which could id be brooked by the sub- 
jects of a Government which commanded the Ocean. 
Hence repeated attempts on the part of our merchants to 
cramp their navigation ; attempts which had been re- 
sisted by Mr. Pit?, and which had no chance of success 
with Lord Grenville. But the case was very different 
on Mr. Perceval coming into office : from his profes- 
sional habits, he was necessarily unacquainted with 
trade, and had unfortunately given his confidence to 
those lawyers and merchants who were most clamorous 
~ against neutrals. No sooner, therefore, hail our attack 
on Copenhagen in the Autumu of 1807 succeeded) than 
the party in the Cabinet, whose creed was u “ system of 


vigour,” urged, and in despite, as was said, of the oppo- (lomnum 
sition of Lord Uawkcsbury, obtained the adoption of 
the Orders in Council against neutral navigation. Stopiwd iu 
They prescribed that 41 neutral vessels, whithersoever November 
bound, should put into a port cither in England or in 
one of our dependencies, there to pay certain charges and 
receive a license or sanction for the continuance of their 
voyage.” Such an edict was not, in point of form, so 
strong a measure as a direct stoppage of neutral navi- 
gation, but the authors of ihc* Orders doubtless antici- 
pated that they would have that result, particularly in 
the case of the Americans; ns a nation claiming to be 
‘independent would hardly submit to such an acknow- 
ledgment of inferiority. The consequence was, that 
the American Government prevented their merchant- 
vessels' from going to ^*a, and a general suspension of 
their navigation took place. 

The effects of this suspension on the trade, the rredit, Coiwe- 
and the finances of this Country were pernicious in qaencos °f 
a high degree ; much higher, indeed, limn is even yet * 
known to the Public, lor the evil was not at once ap- ^ 
parent; it caine on us indirectly and covertly. First, as 
to our Bank pnper, the American merchants had been 
highly instrumental in maintaining its cfcdit in the fol- 
lowing manner. They sold every year to France, Hol- 
land. and the rest of the Continent of Europe produce 
to a large amount ; larger by three, four, or five mil- 
lions than the value of the goods they took from those 
Countries in return. In what manner was this balance 
disposed of? It was paid to the Americans iti money, 
and was sent over by them from the Continent to 
England, where it was applied to pay our merchants 
ami manufacturers for the very large quantities of goods 
which they sent yearly to the United States. The Ame- 
ricans were thus the medium, nr rather the cause, of 
continued remittances to this Country in mniuy or hilts 
of exchange; this had been the case every vear since the 
Bank exemption in 1797, and serves to explain a fact 
which had surprised ourselves almost as much fo- 
reigners ; viz. that our Bank notes should escape depre- 
ciation so long after they had teased to be payable in 
cash. By stopping the navigation of the Americans 
we deprived ourselves of this important resource. In- 
stead of buying our manufactures, they were obliged to 
• manufacture for themselves, to the incalculable injury of 
our woollen and cotton ^tradu ; while from, the Continent 
of Europe they could make us no more remittances 
because we had precluded their into course with Holland 
and the other Countries which supplied them. . 

Tho consequence was a rapid fall iu the value of ©or Our Bank 
Bank notes compared to coin, at first of ten or twelve nt>te# de- 
per cent., afterwards of fifteen, eventually of twenty per 
cent., and upwards. Other causes, it is true, cooperated to 
produce this unfortunate result, in particular our military 
expenditure on the Continent, and the large amount 'of 
specie sent abroad to buy corn; but these would have 
been, in a great measure, counterbalanced by remittances 
from the Americans had they been allowed to continue 
their trade. Unfortunately Mr. Perceval and several of 
his colleague^ continued to think differently ; the Ame- 
ricans bore their grievances in peace during four years, 
but at last, in June 1812, they declared war agaiust us. 

In vain did Lord Liverpool repeal the obnoxious Orders 
almost immediately after Mrj Perceval’s death : the 
Americans mistook his motives and persisted in ‘the 
war. It lasted nearly three years, and if we make e 
computation of the loss of property catksed to us from 
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failure of Americans who were largely indebted to our at which so many of the Members have received lh •* <x>mtncre * 

; V merchants;,] ne%JL t by the depreciation of* our Bank education, have not till very lately possessed thc meai^ 

* paper? and lastly, by the war with the United States, of instruction on such subjects; and of the Works 

vfle shall find the aggregate to be little short of two hitherto printed on Political Economy the chief part ar > 

hundred millions sterling ; that is, of the twenty-eight obscure, intricate, abounding in theories, and deficient 

millions which we now pay annually for the i Uteres t of in practical illustrations, 
the public debt, no less than seven or eighttailliorLs are 

• to be traced to our unfortunate stoppage of the trade of Having now brought down our narrative to the close of 

■ neutrals during the last seven years of the war! the last War, we shall in the next place endea\om- to 

The year 1812 was a season of trial for our finances: explain, 

the war in Spain w*s at its height ifi point of expense, 1. The sources of our high prices and large financial 

while Russia required all the pecuniary aid \ve possibly supplies during that War; and 

could afford her. . Next year, 1813, called for still 2. The causes of their diminution since the Peace, 

greater efforts : the chances were now in favour of our Singular it certainly is, that in a Country in general 

allies, and never could our resources be better a'pplied so enlightened as this, wo should still be in doubt as to 
than in their support. It became necessary to trench a subject so nearly regarding us, and in respect to 
on the Sinking Fund: Ministers did so, but -in an in-, which the opinion of thfe Public ought long since to* 

Part of the- direct and disguised manner. They thought it essential have been fixed. But neither our merchants nor our 
supplies of to have the appearance of maintaining the integrity of public men are by any means agreed about the causes 
file Sinking the Fund, and it will hardly be believed that at the lime of these fluctuations. The inquiry is long and com- 
pnmriatecl ' a l ar £ e sum wa9 drawn from it, there issued from Lord plicated, and those who, from their official situation, were 
tptho war. Bexley's office a printed paper gravely stating that the best fitted to cast light on the subject, have been either 
reduction of dhr debt would proceed more rapidly after prevented by pressure of business from probing it to the 
making this abst ruction, thau on the former plan which bottom, or have been unwilling to speak out as to a 
abstracted nothing. So strange a misrepresentation course of policy, which, since the general reaction, has 
seems almost incredible, but in truth the history of the been viewed unfavourably liy the Public, ami led, them 
Sinking Fund contains & series of misrepresentations to censure severely the management of the War. 
quite unworthy of the Government of a great Country, To go back to the years 1790, 1791, 1792. This stdo of t*. 

and to be palliated only on the ground that, during an Country was then in profound peace, and, if there were Cv-intr u 

arduous struggle. Ministers may be permitted, for the occasional complaints, as at present, of over-oompetir l'^-» 
sake of keeping tip public credit, to resort to steps which tion, the condition of our trade, manufactures, and agri- 
in time of Peace would be altogether inexcusable. Nearly culture was, oil the whole, satisfactory. The interest of 
half a century has elapsed since the Sinking Fund has money was moderate, and capital might* be borrowed on 
been held forth to the Public as our financial sheet- fair terms to carry on any judicious undertaking ; but 
anchor, the instrument by which we were to be relieved there were few examples of sudden- rise of price, and few 

• from the pressure of our debt ; yet the actual bona Jide Companies whose stock or shares formed an object c!f * * ~ 

reduction effected by it during all that period has not speculation on the Stock Exchange. This tranquil 
exceeded thirty millions ! condition of our national industry, this medium between 

It is now above twenty years since the date of our activity and stagnation, underwent a material change as 
Second Population Return, which established beyond the War proceeded, and as our public establishments were 
till question the progressive increase of our mi mbers and increased. The large demand for money hv Govern* 

’ resources. From that time forward Ministers were re- ment in. the shape of loans, raised the rate of interest, \y ar ut \mW 

• lie ved from the necessity of artificial expedients ; fortified and led to the suspension of many undertakings, such as lie Iomn 

by such a (document, it would seem that they had merely canals, buildings, manufactories, for which abundant * m1 i ; 1 ^ 

to declare to (jie Public that the repayment of our debt capital and a“ low rate of interest are indispensable. oL 

"was no longer requisite, and ought not to be attempted ; Hence the discharge and non-employment of a consider- 

• that the great object was to favour the extension of our able number of persons, partly in the middle, more in 
productive industry, by which means our debt, though the lower ranks. But that, was soou balanced, and 
^ same iji numerical amount, became less in. propor- .much more than balanced,, by the new employment 
tion to the collective funde^of the nation. At times, arising from the War, first in the army, the navy, and 
Ministers appear to have been, actuated by such’ views, the Civil service of Government; and next in the supply 
having repealed several taxes on account of the injury of arms, clothing, naval stores, repairs of shipping, 

v they caused to trade and manufacture*, such as those on . building of barracks, and the performance of many oilier 
salt* on coals, on hfetnp and silk, and the tonnage duty contracts. That these employments were of great 
. pn, shipping:, but much that was injurious remained. extent was evident at the time lo all who had the oppor- 
The occasions on which the financial [ knowledge of the tunity of personal observation, and is equally evident 
’ House bfCbmmpjiswaschiefly put tbthetestwereinl8ll, . to Other*, by the unparalleled expense of the war, which 
in the discu^ioua on the Bullion question, and in 1819 on beginning at twenty millions sterling a year, extended, 
the resctmplioli of cash payments. What an inattention to progressively to thirty, forty, and eventually to upwards 

• facts did these dteussionS'' discover ! how scanty a know- of .fifty millions a year. 

ledge .of Statistics l hour great a tendency to adopt plan- V The' number of men withdrawn from productive in- 
sdde theories and to hitgett to premature cbndusions ! dustry, and employed in the army, navy, and militia, 

- The are jM th^» mcreautile Members of the Wes great beyond* example. Already, in the year 1801,, 

House Brittle lit the b^btt of public speaking; while 1 they amounted to 400,000 under arms, to whom we 
pf Jhe other: Member^ the major part, &i% unacquainted, may add at least half as many for the manufacturers of 
not,jEfrere|yr witb Conxmerce, but with tw prinCiplcs' of clothing and arms, the shipwrights, the importers ot 
VOL. VI# ■ .. ' • / 'V •■•■'V. ** 
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Com merce. nava l stores, the performers of contract work for Govern- 
niC nt under various forms; making in all 600,000 men 
employed for account of the Public. This very large 
number was drawn from the able-bodied part of the 
population, who would otherwise have been added to 
our farming labourers* our mechanics, our manufacturers; 
In the same manner as the officers in the army and navy, 
and the employes in the Civil offices, were young men 
who would otherwise have been occupied professionally 
or commercially. Hence a great demand during the 
War for the service of individuals in the middle as in 
the lower ranks ; a rise in the rate of wages, salaries, 
and the price of commodities in general ; together with a 
ready engagement for almost all, high or low* who were 
able and" willing to work. Many who, from deficient 
activity or mediocrity of parts, would in a state of Peace 
have remained unemployed, were brought by the War into 
situations attended with income ; many of them in 
the public service, others in that of individuals. No 
wonder that under such circumstances the means of 
rearing a family should be augmented, and that our 
number* should continue to increase. The waste of War 


Europe, maintained long and expensive struggles with Commerce., 
powerful States, in particular with Spain and France ; V "^v*w 
but the scale both of the revenue and public debt of 
Holland was hut a miniature of that, of England. 

But how were we enabled to continue so long and 
so enormously expensive a contest?' Because, of this 
vast outlay nine parts in ten, or rather nineteen parts in 
twenty, wefts little more than a circulation; a reissue to 
the Public for clothing, stores, the pay of the army and ‘ 
navy, and other heads of expenditure, of the very large 
sums drawn from the Public by loans and' war taxes. 

Thus the Treasury received front the tax-gatherer and 
loan-contractor a given sum ; it reissued the same in 
payment of stores, of personal service, or of the interest . 
of borrowed money ; and the respective parties, thus re- 
ceiving sums from the Treasury, judd back great part in 
excise and other duties. Our taxes and our expenditure 
were thus a continued circulation, and had they not been 
so* neither this nor any other nation could nave with- 
stood them for two years ; but the difficulty is explained 
from the time at which we see the Exchequer returning 
with one hand what it* had received with the other ; 


was little felt in comparison with the number (250,000 
or .‘100,000) added annually to our population. The 
rote of increase was greatest in towns, the higher wages 
inducing many thousands of the country youths to be- 
come mechanics and manufacturers. Now in towns, 
particularly in the larger towns, the working classes 
being so much better paid than in the country, can 


particularly when wo find that no less than twenty mil- 
lions a year of our expenditure were at* the charge of 
posterity; that is, the money borrowed yearly during 
the War was on an average twenty millions ; so that the 
circulation of that very large sum stimulated our pro- 
ductive industry without any other burden at the time 
than that of the interest. 


afford to lf\e better, and to consume more articles pro- 
ductive to the Exchequer. They wear better clothing, 
consume more animal food, as well as more groceries, 
Increase of brer, and other exciseable articles. These details, homely 
the revenue they are, require to be stated, because the consump- 

aunn, the t j, e j ower orders forms a material part of the 

ar * % j^venue, and our object is to show iu what manner and 
from what causes, the public income, increased in so 
remarkable a degree during the War. 

Our taxable It may be useful to attempt a short sketch of the 
income. heads of our taxable income. It consists first of the 
income of the upper and middle classes, and next of 
that of the better paid portion of the lower orders, the 


It may be useful to explain what is meant by ail ex- Charging 
pression which is applicable to persons in trade under and counter- 
any circumstances, but particularly under such as we Purging in 
are now describing. The rise which during the War * rade * 
took place in the rate of wiiges, joined to a rise in the 
price of raw materials, such as wool or flux, led neces- 
sarily to arise in the price of the finished article ; that is, 
the manufacturer charged to his customer the additional 
sum he had heen obliged to pay to his workman atul to 
tile grower of the raw material. The purchaser natu- 
rally objects to this extra demand or not, according as 
he may find difficulty in charging it again to the export- 
ing merchant, or to whoever buys frorp him. But, at a 


. whole coining under the following head*: 


time when prices generally were on the rise, there was 


Rent of land ; little objection to an augmented charge ; the principal* 

Rent of houses ; point was to obtain the goods. In like manner our 

"Dividends from the public funds ; farmers, receiving a higher price for tj^eir com and 


Pay of the army, navy, and public offices ; cattle, had no objectiorrto pay back a part of their new 

Income from trade and professions ; and, lastly, profits to the different shopkeepers and tradesmen from* 

The wages of the better class of mechanics and whom they received supplier It was thus that the 


manufacturers. 

Now the effect of the War and of the extended circu- 
lation of Bank notes was a great increase in the pecu- 
niary receipts of indiuduals ; in the rate of wages, 
salaries, and the price, of commodities generally. This, 
in other words, was so much added to the money amount 
Its great of the national income subject to taxation. In 179??; 
increase. before the War, our national income, subject to taxation, 
appears not to have exceeded in money one hundred 
Xmd thirty millions sterling ; 

But in 1806, after thirteen jears of war, it had risen 
to two hundred and twenty millions ; 

And eventually, in 18 J 3, after twenty years of war, to 
three hundred million* ! 

Such was the extraordinary result of a War, conducted 
chiefly by means of Bank paper. In ^former Ages the 
small Republic of Holland, which, compared to other 
Countries, seems* little more than a speck on the Map of 


extra price paid hr one stage of a transaction was repaid 
to the disbursing party in the next; charging and 
countercharging went bn in ^ circle; and «wiih compa- 
ratively few objections after the exemption flrom cash 
payments iri 1797 made money permanently abundant. 

Such were the causes of that remarkable state of 
thing* in which our. resources seemed to increase year 
aftoi* year with the demands on thenr, and the magni- 
tude, of our financial means were as much an object of 
surprise to ourselves as to the nations of the Continent. 

Bat so annatArul a combination of circumstances could 
not fast; the War came tor an end; and with it our loans 
and War-tuxes. Our army and navy were reduced ; the The Peace 
miHjfefa ceased to be embodied ; the contracts for stores and genera! 
were greatly lessened. The thousands and teas of thou- °f* 
sands of able-bodied men lately drawn away for the public priwi v 
service* yere now left quietly at hotpe and allowed to fol- 
low a productive employment. Hence a general foil in 
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Commerce, the price of commodities, followed by the non-remploymcnt 
ofvery many persons, and by reduced wages to those who 
were kept at work. Corn, which had so long fetched 
a high price, now fell thirty and forty per cent. ; the full 
was equal in other articles, such as timber, hemp, flux, 
in every thing, in short, of which the import from 
abroad, long prevented by the War, was now open and 
unrestricted. The consequence was the failure of many 
• thousand persons, whether agriculturists, merchants, or 
manufacturers, and a general complaint that though the 
income-tax, amounting to so much as fifteen millions a 
year, wus takeu off, tfie pressure of our public burdens 
was felt much more severely than during the War. In 
fact, the Public have had since the Peace as much or 
; more difficulty in paying fifty millions a year, as had 
been felt in paying seventy millions during the War. 

Never was there a more unexpected result. Our public 
men, far from anticipating financial embarrassment at a 
Peace, had considered it likely to be, what Peace had 
generally been in former Ages, a season of relief. The 
War had lasted so many yenrs, that few either of our 
Ministers or our merchants, preserved an adequate re- 
Not under* collection of a slate of Peace. Sir Francis Baring, and 
stood by out the men of hie duy, who had witnessed our financial 
public men. ' difficulties at the end of the American War in 1783 
and 1784, were do more ; we had lost Mr. Pitt also, 
who, as he was the' only Minister who could have pre- 
vailed on the nation to incur such an enormous expendi- 
ture, was the only one capable of devising measures for 
lessening its eventual pressure. Lord Liverpool, Mr. 
Kluskissou, uud others of our public irieu who gave, or 
rather endeavoured to give attention to such subjects, 
(for the urgeucy of current business is too great to 
enable men in office to think either long or profoundly 
on a difficult subject,) had not, from their time of life, 
witnessed the state of our trade and finance at the close 
of the American War. The consequence was that things 
were left to their natural course, and no .step was taken 
by Government to lessen the reaction, or to relieve the 
classes more particularly exposed to its pressure. 

Lord Lauderdale, who had studied Political Economy, 
and had given a great deal of attention to the Bullion 
question, foresaw in the last year of the War n part of 
the approaching reaction. He stated in Parliament, 
that since the depreciation of Bank paper, twenty shil- 
lings of our curreiipy were worth do more thui^fifleen 
in gold or silver, aigl he recommended that, on return- 
ing to cash payments, existing contract^ should be ad- 
justed in that proportion. There could be no doubt of 
the propriety of our returning, as soon as at all practi- 
cable, to cash payments, and of our getting quit of so 
glaring on irregularity, as that of Bank notes not con- 
vertible into coin ; the question was on what terms, on 
what proportional scale, the reinstatement of our cur- 
rency ought to take place*, Had Parliament foreseen the 
general decline of prices that has taken place, they 
would probably have listened to the admonitions of his 
Lordship, and of others, who entreated them to pause 
before engaging to pay in cash without deduction, the 
enptmous sums that had been borrowed in paper. But 
the close of the War was a time of general excitement; 
we had fought Our battles with success; we had accom- 
plished the deliverance of Europe ; we had reduced 
France and . her proud ruler to their - level ; and 
among so many subjects of self-cCngratutation we were 
little disposed to listejk to- unfavourable views, or tp 
adopt negative measures. There woi a general expect- 
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alion among morchunts. «s amon* MemU-rs of Pnrlia- Cummin-., 
liament, that the depression of trade would he of short ^ 

duration ; an impression which the course of events has 
been far from confirming. 

Fluctuations in <mr Trade since the Peace. 

The overthrow of Bonaparte in mu, reopened KW(j(o 
to our trade the Netherlands, France, Italy, Denmark, uVcunti- 
in short pvery part of the Continent from which lie unit in the 
had excluded our merchandise during several veins • y car iyl4 * 
that is, from the time that he hud thought fit to enlnrcc 
the execution of his insane auti -commercial edicts 
of Berlin and Milan. These prohibitory decrees were 
coincident: in point of time with our stoppage of the 
Americau trade, and under the joint effects of the 
two, the prices of various articles had risen to a height 
almost unknown in the History of trade; tcu selling 
on the Continent for. ten arid twelve shillings a pound] 
sugar for five and six shillings. This had led to 
very singular expedients, such as conveying groceries 
ancl other articles into Germany by land, unloading 
them first at Salonichi in Greece, and carrying them, 
on the backs of mules and horses, through Serna 
and Hungary, into the heart of Germany, a distance of* 
nearly two thousand miles. Such was the miserable 
waste of money and labour consequent on the struggle 
between the two Governments ; our Ministers having 
put an end to the navigation of neutrals, and Bona- 
parte being determined that British shipping should not 
take their place. Happily the overthrow of his armies, 
first in Russia, afterwards in Germany, burst the chains 
by which he -fettered the activity of merchants, and 
opened the Harbours of both the North and South of 
Europe, to our exports. But, as usual, the ardour of 
our merchants carried them too far, for they had no 
adequate idea of the impoverishment of the Continent 1 
Looking on the Map at the vast extent, of coast, and at 
the number of large cities now re-opened to our trade, 
our speculators considered, that if England alone om- • 
sumed annually above 15,000 tons of tea, and 150,000 
tons of sugar, the. consumption of the Continent must 
be nt least equaL Of the success of these adventures, 
the speculators had no doubt ; their anxiety was to lose 
no time; to be the first to arrive in the Continental 
markets. The result however was, in general, unfor- 
tunate ; the foreign buyers were wholly unable t(> pay 
the price required to indemnify the shippers in Eng- 
land : and since it was necessary that hales should be 
made, they were made at a ruinous sacrifice. 

Such was the state of our foreign trade at the end of 
1814. The year following was ushered in by the news 
of the Peace between England and the United States of 
America, which opened or seemed to open a great market 
for our manufacturers. This was & new field and re- 
garded a class of our traders quite distinct from those who 
liad suffered by the exports of the year before. They 
ware, however, us full of ardour as their predece-bors, 
and, on referring to the Custom-house returns, we find 
that the quantity of British goods sent abroad in lb 15, 
was great beyond example. But the result was very un- i;; V pnrf« to 
propitious, and our merchants were now taught to their the Uuital 
cost how greatly* our Government had erred in stopping m 
the American navigation during so many years. By 1 J * „ 
doing so they had impoverished our Transatlantic cus- 
tomers in nearly the same mauner as Bonaparte, by 
his tyranny, had impoverished Holland, PiussiA. and 
l* 'l 
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Commerce, other parts of the Continent. The selfish and head- and country-produce experienced a fall. This tended C«*nflwrc*. 
-v-*-' strong* enthusiasts in this Country who, in 1S07, had greatly to the relief of mechanics and the lower ranks v—~ 1 
prevailed on our Ministers to issue the Orders in Coun- * in towns, but as greatly to the injury of farmers, who Committee 
cil against American navigation, had no idea of the declared loudly that with such low prices it was wholly «o Agricul- 
extent of the mischief that would recoil on ourselves, out of their power to pay their rents. Hence the ap- ** 

The result For all this we suffered severely in 1815 and 1816; pointment, by the House of Commons, of a Committee 1 
unfortunate. 0lir ou )y satisfaction was that the very low prices at on the state of agriculture, which sat many weeks, exa- 
which our goods were sold in the United States, checked mined a number, of witnesses, and made a long and 
the new establishments in that Country, and showed comprehensive, though- by no means a perspicuous 
how unavailing it was in a quarter wherein labour is so Report. The writers of that Report took a historical 
high-priced, to enter into competition with the maniif view of the state of the landed interest for more than 
factureTS of England. half n century, and enlarged on thcoprospcrity which had 

Next came the overthrow , of Bonaparte at Waterloo ; always attended it when pur merchants ami manufac- 
an overthrow so complete as to give assurance of a turers were thriving. The inference was, that the 
general and long-continued Peace : hence a great reduc- interests of traders and landholders were identified ; and 1 
tion of the military establishments in every Country in # that if would be vain to expect relief to the one by im- 
Europe ; the return of many hundred thousand men to posing a burden on the other. The agriculturists 
productive employment, and' a general fall in prices, complained of the pressure of taxes ; but the Report 
Was it then matter of surprise, that so great and sudden forbade any attempt at trenching on the property of the 
a transition should have produced that general stagna- fundholder, and encouraged the landholders, at least 


tion of business; that want of work for the lower 
orders ; that pecuniary embarrassment in the middle 
and upper ranks, which . will so long mark in gloomy 
General dis- colours the year 1816? Corn and country-produce had 
isTr* 10 been at low prices during two years ; many of our 

131G * farmers had failed ; many others were paying their 

rents out of tlielr capital. Among merchants and 
manufacturers the decline had been equally great ; and 


that large proportion of them who had to pay interest 
on borrowed money, to expect relief from a very differ- 
ent cause ; from the probable fall in the rate of interest, 
the state of the money-market indicating an approach- 
ing reduction from five to four per cent. The expo eta- Monied ca- 
tion thus held out was realized to a considerable extent , P ,1al bc ’ 
monied capital became abundant; and in the course of UI> 

1822 and 1823, a general reduction of the rate of in- 


men inquired anxiously of each other , from wlmt un- 
known cause the' high prices and prosperity of a state 
of War had been succeeded by such general impoverish- 
ment. Oil this occasion, however, our distress did not 
last long ; favourable exchanges brought us large sums 
of gold and silver from the Continent; the Bank of 
England, and, in consequence, the private Bankers, were 
at case os to money; and the bad harvest of 1816, 
'‘though productive of extreme suffering to many of the 
lower orders, gave the farmers assurance of high prices 
for a certain period to come. This operated as a stimu- 
* lanttothe employment of country-labourers; and the 
course of circumstances led to a corresponding revival 


terest took place. 

This abundance of monied capital continued and pro- Its favour- 
duced its usual etfeets; a general rise in the value of aMerifisct 
funded property, which led many persons to sell out and tm ,r * d0, 
invest their money in various undertakings, such ns the 
purchase of land, building houses, improving roads, or 
excavating canals. All this tended to create work and 
excite a general activity. Add to this that the price of 
corn having at last experienced a rise, the fanners were 
in some measure relieved, and enabled to circulate money 
as well by employing more labourers, as by making 
purchases from tradesmen and manufacturers in towns. 

The Commercial tide was now turned in our favour. 


of industry in towns. and the year 1824 proved eminently prosperous. It 

Revival in Circumstances were similar during the year 1816;, was marked by a continued rise in the price of funded 
1818. the demand for workmen and the rate of wages pro- property, a general briskness in our markets, and a con- 


'gressiyely advanced; funded property rose in price; 
the case was the same with landed property, "So that this 
proved the most stirring and apparently prosperous sea- 
son we had had for many years. It is necessary to say 
“ apparently, ” because unfortunately the high wages 
and high prices of this interval, its large sales and 
liberal profits, were of short duration. Trade had, as 
usual, been overdone ; we had imported of various com- 
modities more than we could turn to account at the 
time ; the speculators, at least the needy part of them, 
were unable to wait ; goods were forced on the market, 
and the result was a series of losses, Insolvencies, and 
bankruptcies. At that moment. Parliament decided 
on the resumption of cash payments; and although 
the act was prospective, and allowed the Bank consider* 
able time to effect the change, there prevailed from that 
time forward, among merchants as among agriculturists, 
an apprehension that they would be straitened in pecu- 
niary mean9, and that the prices of commodities could 
" net be otherwise than low. 

low prices The years 1819 and 1620 were thus passed in a Ian- . 
in 1819 and gnid, discouraging manner; in the latter the harvest 
1820. proved ' uncommonly abundant, and the price of corn 


siderable surplus in the public revenue. The abundance Joint Stock 
of mogjed capital led to the formation in that year' of t? °J"P aniCB 
numerous Joint Stock Companies* One of the first * n * 
of these was the Alliance Insurance Company, the 
stock or Shares of .which rose to a premium, not so 
much from expectation of large profits, as from the 
wealth of Mr. Rothschild and other leading parties in 
the direction, and from general confidence in their ma- 
nagement. Next came the formation of several Mining 
Companies in connection with "Mexico, and one with 
Brash. This took place at a time by no means favour- 
able to prudent management, for whenever money has 
been long abundant, the feeling engendered partakes more 
of confidence than is filled to commercial enterprise. 

The Miuing Companies; formed lit the first instance pro* 
ceeded on fair grounds ; on information which, though 
very imperfect, had for its. basis to engage only in mines 
bf good repute. * For* a time the stock or Shares of 
these Companies bore a moderate premium : it was not 
until the latter months of the year. (1824) that their 
ee began to give evidence of an abuse of prosperity, 
then ruse , week after Vpeek, hot from the receipt of 
any intelligence of consequence, but from the continued 
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Commeice. abundance of money and fromt{ie puerile and visionary 
feeling which influence the Stock Exchange, where, 
whenever circumstances have been for some time favour- 
able, tbe.example of a few leading* purchasers is so often 
followed by the mass with indiscriminate eagerness. 

Hie year . We are now arrived at the memorable 1825, a year 
1825. in which the spirit of speculation in this Country reached 
a height that rivalled the excitement of the Mississippi 
scheme in Francp, or of the. South Sea Company, a 
century ago, in England. What were the causes of 
such infatuation among merchants, who, in general, 
had considerable experience, ami hacl witnessed the 
evils of reaction in the money market? It was to be 
/ascribed to a concurrence of flattering circumstances,— 
to abundance of monied capital, a confidence thaj such 
would continue, a progressive ri*e in the public funds, 

. and an exaggerated notion of the wealth of Mexico 
and Peru. The real circumstances of Mexico were 
little understood, in England* or in any part of t fie 
North of Europe. The persons who had emigrated 
from Mexico after the Civil War, repaired not to this 
Country nor to our West Indian Colonies, but to Cuba, 
Bordeaux, and Spain. Cadi/ and the smaller maritime 
towns in Spdfn connected with Mexico in trade were 
the proper quarters to obtain information ; but of all 
the Mining Companies then formed, not one thought it 
necessary to resort for admonitory instruction to so dis- 
tant a quarter. Their Directors had before them the 
flattering statements of Raroii Humboldt ; they had a 
vague but highly favourable notion of the productive- 
ness of the mines of Mexico and Peru; and they bad 
very little experience of the manner in which one sum 
of money after another is absorbed in those hazardous 
undertakings. 

The managers of these Companies were almost 
equally in the dark in regard to points of vital import- 
ance at home. The abundance of money in this Coun- 
try Was great, but ^aS it likely to continue, or did it 
not proceed in a great measure from the issues of Ranks, 
issues" necessarily uncertain and liable to be recalled 
whenever the course of exchange should curry our gold 
abroad ? Questions such as these were’ unfortunately 
not put by one merchant to another ; for deliberate in- 
quiry and sober calculation were overlooked in the con- 
tinued rise of funded property and of almost all articles 
of merchandise Men began to think that abundance 
of capital was natural to a state of Peace, ' and that the 
difficulty would be in finding the means of investing it. 
Hence the large sums so precipitately tent to the South 
American States, which, whatever may be their eventual 
prosperity, are at present thinly peopled, badly governed, 
and, in many respects, in the infancy of their productive 
* industry. * ‘ ‘ \ *' * 

Such was our connection with Spanish America ip 
1625. It had absorbed, a large amount of British capi- 
tal ; but the great cause of pressure on our trade at the 
end of that year, and the origin of the unfortunate 
panic, whs of a different nature: it was to be sought in 
the purchase and import, on an*extravngant scale, of 
foreign goods, such ns cotton, woo), silk, and timber. 
This took place In the, fallowing manner. If is usual 
v at the end of the year for brokers in colonial produce 
to report tQ their various friends and connections, in a 
printed circular, the slate of the, home market, and the 
Purchases amount of the expected supply. ' The import of cotton 
havingbeen taste 1824 than fa preceding years, and 
turn in 182$. the stock on hand not great, it occurred to certain spe- 


culators that this bare state of things joined to the Commerce. - 
great activity of our manufactures at Manchester and 
elsewhere, was likely to cause an insufficiency in the 
supply and *a consequent rise off price. Hence exten- 
sive purchases of cotton jwerc made in the Liverpool 
market in January 1825, and orders for further purchases 
were sent out to various foreign Countries; to Carolina, 

Georgia,. Brazil, and even to the East Indies. Silk nud 
a number of other articles were ordered in like mariner ; 
not that the supply was actually deficient but thut it 
might become so, in the event of our consumption pro- 
ceeding in an increasing ratio. *, 

The Public were then altogether in a state to be ope- 
rated on stimulants ; the prices of almost every 
article of merchandise had risen progressively during the 
preceding twelve months: hence an expectation that 
they would continue to rise, and that purchases made 
at almost any price would .be attended with profit. 

Hence also orders were sent abroad to buy up, not only Particularly 
cotton, but wool, silk, and other articles ; and as these » n foreign 
orders were conveyed in the private letters of merchants, K u0(l8 - 
and accompanied by no net of publicity , engagements 
were unfortunately contracted to a great amount before 
one merchant became aware of the extent of the purchases 
of others. Suspicion of the extent was first entertained 
by the underwriters at Lloyd's Coffee-house, who saw in 
the insurances offered to them an evidence of imports to an 
unprecedented amount. This took place in the Summer 
months, but the magnitude of the purchases did not 
become known until the Autumn, when the goods 
reached this Country, and were reported at our Custom- 
houses. The sums to be paid for these imports were 
immense, the goods having been in. general bought at 
high prices. Hence a continued drain of gold from the Our gold 
Rank, the export of the precious metals amounting exported, 
repeatedly, in this year of wonders, to so much aa 
million sterling a month. 

A tew cautious persons hod conceived alarm from a 
very different cause. A, number of London Bankers 
used during the War to have discount accounts at the 
Bpnk of England ; several have continued them since 
the Peace, but first-rate Bankers make it a rule to avoid 
discounting at the Bank, their own reserves being in 
general sufficient. But in this singular season it was 
observed that Banking-houses of the highest character, 
houses which had hardly e\ or been known to apply to 
the Bank for discount, found it necessary to do so. The 
cause was the continued demands on them by the country 
Banks in their connection : the alternative for the London 
house was either to withhold aid from the country Banks 
at the risk of making them suspend payment ; oi to 
afford supplies, by submitting to send in bills for discount 
at the Bank of England. They preferred the latter, and 
supported the country Banks, so that, though a number 
of the latter found their funds lessened during the Sum- 
mer, no’ failure of consequence took place among them 
till the latter part of the year. 

Many persons were surprised to find the scarcity of Distress of 
money begin in the country, having expected it would our Banks, 
have shown itself first in London. But, in fact, the 
drain of gold was great in both at the same time; that 
H was not earlier felt in London was owing to the 
large amount of treasure in the coffers of the Bank of 
England, the accumulation of four years of favourable 
exchanges. 

' Such were the chief causes of the two great mercan- 
tile convulsions (181 fi and 1825) which have taken place 
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Commerce, in this Country since the Peace. More than seven years 
have elapsed since the latter and the greater of these 
convulsions; but there has occurred in that long interval 
little to call for rcmurlfe in this summary, because, iu a 
commercial sense; its character has beeu nearly uniform ; 
vis . sales and purchases of merchandise have taken pluec 
to a great extent, but almost always at low prices. One 
part of our Custom-house books exhibits the quantity, 

War. 

Effects of The rise of prices during the War was caused as 
Wwon n th follows : * 

price ofcou* ^ st * The ^ or men ^ or the public service raised 

nudities. the rate of wages, and the demand for money raised the 
rate of interest, both of which tended greatly to raise 
prices.* 

2d. The insufficiency of our crops caused by an 
unusual number of bad or indifferent seasons, (vis. 1794, 
1793, 1799. 1S00, 1S04, 1809, 1911,) and by the ob- 
stacles to import from the Continent. 

3d. The increase of taxation. 

4th. The great expense of freight, insurance, and 
other charges oil the import of foreign goods. 

5th. The depreciation of our Bank paper, particularly 
in the last five years of the War. 


another the value of our exports : in the- former these Ca 
has been a progressive increase ; in the latter ail equally 
regular decline ; the consequences to be expected from 
long continued Peace, and open intercourse with Coun- 
tries iu which the rate of wages and. cost of subsistence 
are lower than in England. To put this in a clear light, 
we exhibit in opposite columns the respective effects of 
Peace and War on the price of commodities. 

Peace. 

The fall of prices since the Peaqp has been caused by, 

1st. The cessation of the demand for men and money 
for the public service. 

t 

2d. Since the Peace the number of bad or indifferent 
seasons (191(1, 1828, 1829, 1830, 1831) has not been 
so great ; and the only obstacles to import from the 
Continent have been our Corn Laws. 

*3d. The taxes have been reduced by more than 
twenty-five millions a year since the peace. 

4th. Freight, insurance, ntid other import charges 
were reduced more than half by the peaA. 

5th. Our Bank paper rose to a par with coin in 1816, 
and, with the exception of one interval, (181S and 
.1819,) has ever since maintained an equal value. 


Much lias been said of the fill in prices in England 
from the contraction of our paper currency, and of their 
fall iu Europe generally, from the reduced supply of the 
precious metals during the last twenty years. Each 
has been serious in its operation ; but the great and 
overpowering cause of the decline is the absence of a 
demand by the Governments of Europe of either men or 
^money for the purposes of War; the restoring to pro- 
ductive employment the many millions of capital, the 
hundreds of thousands of able-bodied men who were 
Prospect of formerly withdrawn from .it. The prospects in regard 
continued to the price of commodities, of every class, whether 
Peace. agricult urists, manufacturers, or merchants, are all mainly 

dependent on the probability of continued Peace. Any 
plan tor the relief of the productive classes, for lessen- 
ing the pressure which has long borne, and still bears, 
so hard -on them, must have reference to and depend on 
the prospect of the nation in that respect. Wc shall, 
therefore, bestow a few paragraphs on an examination 
of this question : on the causes of the Wars which 
during the lust century and a half have so seriously 
affected our commercial situation ; and on the circum- 
stances which justify a hope of their less frequent 
occurrence in future. 

Causes of H was llot until the Revolution of 1CS8 that this 
former Country took a decided part in Continental politics, and 
'Waxs. began to carry on W ars on a large and expensive scale. 

This sacrifice our increasing resources fortunately ena- 
bled us to make, and it was strongly called for by the 
stale of foreign politics. Louis XIV. had acquired a 
preponderance which threatened the independence of 
Europe ; Germany and Holland were unable to keep 
that restless Prince within bounds ; an extended coali- 
tion- was required; and England was invited to l>e one 
of its leading members. In our own days, a similar 
dread, first of anarchy from the Revolution, afterwards 
Of a general usurpation by 4 Bonaparte, led us to make 
unparalleled sacrifices in opposing France* But cir- 


cumstances are now greatly altered : France is still 
suffering from a series of disastrous contests, and has a 
population sorely divided in political feeling. Peace 
is indispeusable to heal the wounds indicted by the 
Revolution and the tyranny of Bonaparte, while as to 
national union the present generation and probably the 
next must pass away eve it can be restored. And even 
were there to arise iu France a Government inclined to 
Wav, the power of that Country computed to ours is no 
longer such as to be a subject of serious alarm. A cen- 
tury ago, Great Britain and Ireland bore to France, in 
point of population, the proportion of only 45 to 100 ; nor 
was the proportion of national income much more in our 
favour ; but so much greuter has been the ratio of our 
Increase iu the last hundred years, that, iu population, 
we now hold the proportion of 75 to LOO, and in tax- 
able income of 100 to 100. These arc not mere cal- 


culations oil paper ; they are actual resuks founded on gu^n^ng 
substantial and permanent grounds ; on the advantage increase 
of our insular position ; our extensive canals; our mines of our re-, 
of coal and iron ; our superior capital ; our formed sources, 
habits of industry. These have been the causes of the 
surprising increase in our resources during the last cen- 
tury ; and they promise a still greater increase in that ; 
which is now in progress. 

At what period did the effects of this increase in our 
wealth and numbers become' apparent in our military 
exertions ? To pass over the brilliant era of 1759, when . v 
the talents of Lord Chatham may v be considered to have 
turned the scale in oipr favour, and to fix our attention 
on 1778 and # the follow ing r years, When France, Spain* 
and. Holland had taken part with America against 
we found our resource*, though wielded by ao feeble a 


Minister as Lord North, sufficiently great to conduct us 
with honour out of the contest. In the Wars of the 
present Century, the surprising Increase of our national 


* gee in the Supplement fa -the Jdncye/op/etk* Jfenfaajuco, the 
heeds JuyAmd end France 
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Cmtimree. means was put beyond all doubt, and in fixing the con- 
ditions of the Treaties of Peace of 1814 and 1815, our 
Ministers gave- an assurance to the World, that they no 
longer thought ft necessary for the safety of England 
that the .power of France should be impaired. On 
those occasions, our allies would readily have effected a 
dismemberment of her territory, by separating from her 
such Provinces as Alsace, Lorraine., Franehe Comtfc, 
'and French Flanders : but our Ministers knew the aug- 
mented strength of this Country, and that France 
was no longer an overmatch for us. Instead; therefore, 
of seeking to weakeu # Francc, they appear to have con- 
sidered the maintenance of her integrity essential to the . 
equilibrium of the Commonwealth of Europe. " 

Disposition In the situation of the French, various circumstances 
of the are in favour of continued Peace. • The ship-owners, in- 
French. surers, and other classes, who in this Country derive 
great temporary advantage from a state of War, are of 
very little account in France : the same holds in regard 
to the monied interest, the merchants and traders gene- 
rally ; all of these are on a footing much inferior to that 
which the same classes now hold in England, or held in 
Holland in the day of her prosperity. The great majority 
of the French tfte agriculturists, and a Rtatc of War can 
hold out little prospect of rise of price to the farmers of 
a Country which imports very little, because in nine 
years out of ten its produce is equal to its consumption. 
When to all these inducements to Peace we add, that 
the levies for the French army are still made by that 
most odious law, the Conscription, a law which, ope- 
rating by ballot, keeps parents in continual uneasiness, 
and takes young men from their homes at a time at which 
they ought to euter on employments for life, we shall 
have little difficulty in believing that a renewal of War 
would be extremely repugnant to national feeling in 
France- It is, we believe, equally repugnant to the 
views of the reigning Sovereign, who cannot but be 
aware, thnt with the great political divisions now existing 
in France, and which are likely to continue during tlie 
present generation* 5 contest with this Country would 
be replete with danger to his sway. 

Colonies no Another fertile source of War during the last century, 
longer a the desire of possessing Colonies, has also ceased ; 

jaiwe of Mexico, Peru, Chili., Brazil, are now open to every flag, 

and not likely to become a cause of War between the 
Powers of Europe. We have learned to our cost, how 
greatly they were overrated, and that Ages must elapse 
ere they liccome really valuable. And those among us .who, 
dazzled by the increase of money incomes during the 
Tate contests, consider a state of War conducive to na» 
tional wealth, will do well to bear in mind the distress- 
ing reaction of the last eighteen years. The War, it is 
' true, added largely to the income of our agriculturists, 
merchants, and manufacturers, but have we not, in' 
almost every year since 18i4 t witnessed the successive 
disappearance of those splendid additions? Their 
foundation was temporary ; resting on high prices and 
the demand' of Government foe men and money, they 
ceased together with their cause; involving many classes 
of the community in all the evils of a trdhsition from 
affluence to poverty, from hope to despondency. The, 
more enlightened part of the nation has now become 
aware of the temporary nature of such gains and of the 
immense Ipsa attendant on such reactions. Our publio 
‘Hum may therefore be assured, of Its support in that 
.pacific course, by Which alone they dm hope to heal the 
wounds of Irstohd^ ^ lighten the burdens of England. 


Colonies no 
longer a 
cause of 
War. 


Assuming it, therefore, as probable, that a state of Commerce. 
Peace will be maintained for a considerable time, wc 
proceed to the interesting, it may be almost said, the Ktfr ctof 
anxious question, how far. the reduced rate of prices ^’ ntinuctl 
attendant on Peace, will alfect the state of our trade trade 
The first point is to ascertain to what extent our pro- 0 ir rd 
duce and manufactures have undergone reduction in 
price, and in this we shall .be aided by the returns of 
our Custom-house. There is, as is well known, a 0rtll * 5 ‘‘l 
double registry of our exports in the Custom-house 
books; one founded on the market price, or the value l> ‘ l,m - ' 
as declared by the exporting merchants ; the other 
a record of quantity rather than of price, the value 
affixed to each kind of goods being the same year after 
year, and taken from an official list or standard fixed so 
far back as 1696. In this standard certain article*, 
such as woollens, linens, cottons, ore computed at so 
much by the yard or piece ; while others, such as hard- 
ware,, leather, soap, are reckoned by weight. The result 
of this calculation is then entered in the Custom-house 
Ledger, and as details of quantity would be uninterest- 
ing to the Public, the rule at tne Custom-house is to 
print nothing relative to weight or dimensions, but to 
give the result in money, and in the shortest form, viz. 
in one line for each year ; thus, 

British Produce and Manufactures export'd in the fol- 
lowing Years , calculating first the quantity* and 
afterwards their amount in Monty , according to the 
official standard of 1696. 

War. Peace. 

1810 -£45,869,$ 59 1826 ,£40.965,736 

1811 32,809,67 1 1827 52.219.2bO 

1812 43,243,173 1828 52,797.455 

J2S5w 3I“ i * m “ 

Apnual average 40,640,901 A unual average 48,660,823 

These sums being merely an index of quantity, it fol- Exports 
lows, that in that respect, there is, since the Peace, an ,/< 
increase of more than 20 per cent, in our exports ; but IAU * I|J - 
in their value the result is very different. 

Value, or Market Price of the abovementioned exports , 
as declared in the respective years, by the exporting 
Merchants . 


Wah. 

1810 £49,975,634 

1811 34,917,281 

1812 43,657,864 


Peace. 

1826 £31,536,723 

1827 37,182,857 

1828 36,8)4,176 


Total. . 128,550,779 Total. . 105,533,756 

Anuualaverage 42,850,259 | Aunual average 35, 177,9 18 

/ This return exhibits, in the* first instance, a decrease 
in the money value of our exports since the latter years 
of the War, of nearly 30 per cent. And as we Jmve seen 
that our exports in late years are greater in quantity but !»*ss iu 
than during the War by 20 per $fnt., it follows that value, 
the total decrease, in the money value of British produce 
’ajfuJ manufactures exported, is newly 50 per cent, com- 
pared to our prices twenty year* ago; that is, when 
foreigners pay for our goods in money, we receive only 
£50 for articles which twenty years ago produced £100 ; 
a formidable reduction truly, but fdllunately little more 
than nominal, since the articles supplied by foreigners 
in return, such ns wool, cotton, silk, lead, have /alien in 
ah equal, or nearly an equal proportion. 
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Co.n:m:rct. It uiav be interesting to our readers to murk the steps 
in this progressive decline of prices*; and for this purpose 
we shall select by far the most important article in our list 
of exports, — our cottons* In the year 1814, the market 
price of our cottons was nearly the same as the rate at 
which they are valued in the Custom-house ledger; that 
is, a given quantity of cottou goods, amounting, by the 
official standard of valuation, to £100, might have been 
bought in. the market for £tUI. Observe how con- 
stantly, and even rapidly, the market price lm9 declined 
since that time. 


Decrease in 
the price of 
cottons. 


Years. 

ISM. 
IS I 1. 
1916. 

I « 1 7 . 

1515.. 

1819. . 

1620 . . 
1821. , 
1622 . 

1823.. 

1824. . 

1825.. 

1626 . . 

1927.. 

1828 . . 


Cotton Goods exported. 

Valuation by thr Custom* 
hotum Rate*. 

£100 

10a 

loo. 

loo 

100 

100 

loo 

* loo 

.* 100 

100 

joo 

k . 100 .,.:..'... 

100.,. 

100..., 

...... 100 


, Market Price. 

*. £104 
. 90 

. 80 
. 70 

. 77 

. 72 

. 67 

. 64 

. 59 

. 56 

56 
. 57 

. 49 

. 47 

46 


Of other 
goods. 


We find here a decline, and to a considerable amount, 
in every year, except in the two seasons of excitement, 
1818 and 1825. In other articles, the fall of price has 
not been altogether so great as in cottons ; thus 

Manufactures exported; comparative value of the same 
qUahlity at different periods ; viz. in 1814 and 1828. 

Average Animal 
Amount exported 
to late ) oars, as 
doclaml by tiic 
Merchants. 

£1,300,000 
. 5,000,000 
. 2,000,000 
. 300,000 

.'14,000,000 


Maxkflt Price 
in 1814. 


Market price 
in 1838. 


Hardware £100 

Woollens 100 

Linen . 100 

Silk 100 

Cotton 100 

leather alone hasl 
u early maintained >100 
its price J 


...£ 66 .., 
. . . . 60. . 
... 58.: 

... 48.., 
... 44. • i 


98./.. 300,000 


ThU fall of price, however, is a loss only in some re- 
spects ; for if we inquire into the manlier in which it 
has taken place, or under what heads of charge i t ough fc 
to be appropriated, we shall find it to pave arisen from . 

A reduced price of wool, cotioft* silk, and other raw 
materials; 

The man- A reduction of wages to the workmen, and of profit 
aer of such j 0 their employers ; 

Improvement of the machinery employed, and a con- 
sequent cheapening of manufacture from that, as well 
as from the greater subdivision of the work. - 

As to the first of these heads, the supply of raw mate- 
rials continues abundant 'even at low prices. Cotton 
has declined ever since the Peace, yet the import in- 
crease*, though tfjjdPprjcc is aow only half of what was, 
some timk since; accounted the lowest cost of its produc- 
tion. X)f wool, the Ittfport from the North of Germany 
alone is now muefi greater than it formerly was from all 


foreign Countries together; and of silk, our Indian terri? Commerce, 
tory offers a progressively increasing supply. Such are 
the consequences of improved inodes of cultivation, and 
of the application to commercial objects of the vast 
amount of labour and capital formerly absorbed by War. 

Reduction of price, tVom such a cuusq, or from im- 
provements in machinery, is evidently a' public benefit; 
but a decrease in the wages of workmen, or in the profits 
•of their employers? is very different, mid has, from its 
long duration, given rise to much distress, ' Relief is to 
be looked for, not from increase of income to either the 
employers or their workmen,' sudh being altogether un- 
. likely in this season of profound Peace, but from a re- t . 

duction of expense ; a fall, as Adam Smith would hav# 
r termed it, iu the cost of food, clothing, and lodging. This 
reduction has already token place to a considerable extent: 
the declme in the average price of wheat iu this Country 
since the Peace having been in the proportion of three 
to two ; (from 90*. to 60$. a quarter ;) a fall so great 
as to have 1 caused the gradual disappearance of most 
of the capital accumulated by fanners during the War, 
and to have produced a heavy deduction from the pro- 
perty of landlords. In what manner has this great 
change affected our manufacturers and traders? In one Reduced 
sense it has been advantageous, in another the reverse ; P'* c * °| 
it has lessened Jo them greatly the expense of subsist- J n * 
encc, but it has considerably narrowed the consumption t ra( j^ 
of manufactures and' merchandise by our now impove- 
rished agriculturists. The latter are in the present year 
(1832) iri the same depressed state as ten years ago, 
and will do well to limit their expectation of relief to 
two points : the probable fall in the rate of the interest 
of money ; and a further reduction in farming charges ; 
in a return, in short, to the scale of 1792. 

Many of our landlords and farmers are, as is well 
known, largely indebted for money borrowed on mort- 
gage and other security. The Committee ou the state 
Qf agriculture 'in 1621, aware that such engagements 
were of great extent, and that in lime of Peace repay- 
ment of the principal was not to be expected, confined 
its attention to the prospect of the agriculturists paying 
the yearly interest, and enlarged on the abundance of 
monied capital as likely to lead to a reduced charge for 
its use. The authors of that Report judged soundly, so 
frr as regarded our political prospects ; they knew the 
aqxiety of our public men to maintain Peace, and in- 
ferred from the scute of France, that it was very unlikely 
that the 0pvcminent of that Country would for a long 
time incur the hasairi) of Wbf. The rate of interest de- 
clined, ond borrower^ obtained, nn abatement in general 
from five to four per cent. ; but (n a few years it rose 
3 gain, iri consequence of tbe infutuatioaof our Cniiutry- 
nien, on tjie opening of; £>pan tell America,. The sums 
bo~ imprudently advanced to^that Country' in Ioann and 
mining Apftnlotious, or paid ferforeigoera for our imports 
In 1325/ m weeded aflanika^ation and in conjunclion 
with political^ disquie&dcV have ever since kept our sur- 
bl't*. of disposable capital' within narrow limits. But 
> ; m soffit lime buck, clreuWliances fore been indicative 
gf its renewed abundance, and as It is very unlikely 
• that Our merchants will repeat tbe imprudence of send* 
ing large sum* abroad, the agriculturists may entertain 
W hope of the return of Jhe advantages of 1822, without 
the reaction which worthed, incurred by entering oft • 

' iiew and' Unknown fifld, ‘ . 

"■r/./i; ’ 1 ‘ ‘ . ^ . ...... ■ '* 

. Having fldW; completed the Historical notice of ow ‘ 



109 


COMMERCE. 


Commerce, trade, we proceed to give an account of its present state ; 

beginning with our Manufactures, a subject of sufficient 
interest to claim a minute and copious exposition. 

MANUFACTURES* OF ENGLAND) THEIR PROGRESS 
AND PRESENT STATE. 

Woollen*. 

The wool- We begin our sketch of the National Manufactures 
V fadure” U iti W * t * 1 ^°°^ cn tra< fe» as w *ll on account of its impor- 

• early^tati. tance as because woqj was the chief article of export from 
England in early times. It continued to be so for several 
centuries after the Norman Conquest, and was the result 
-of two causes; the great extent of our pastures, and 
the inability of our population to manufacture into 
cloth the quantity of wool annually produced. Our 
pastures are superior to those of France, Germany, or 
Poland, because in England rain is of more frequent 
occurrence, ond droughts are coinparatnely rare; 
while on the Continent, at least in many inland parts, 
the grass becomes dry and parched during the Summer 
months. As to the state of our population, during 
the Middle Agys it was almost all resident in cottages; 
in other words, our agriculture was so rude and the per- 
sonal exertion of the husbandman was so little aided by 
machinery or suitable Implements, that the labour of 
no less than four persons in five was needed in the 
fields to provide the subsistence required by the com- 
munity at large. Of the smallness of our towns an 
estimate may be formed from the following Tabic. 


Population 
of Ku^luud 
in 1377. 


Population of (he Chief Towns in England from a 
Census in 1377. 

London 35,000 

York 11,000 

Bristol 9,000 

Plymouth « 7,000 

Coventry 7,000 

Norwich 6,000 

Lincoln . 5,000 


for the cloths made of our wool surmii<wi ... _ 

«-d fcr the jettche* of f,X 2™?' 

material. Such was the routine of sale and purchase 
between the two Countries during several centuries but 
our Countrymen became in time desirous of extending 
their share of the manufacture. Accordingly in 
middle of the XIVth Century, (in the active reign of Ed- 
ward III.,) weavers from Gheut were invited to settle 
in England and to introduce the art of making the 
finer wooliens. They were established at first in villages 
in Kent and Essex, not far from London ; not that the 
spots in question hod any marked advantage as to fuel 
or water-power, the great considerations in the present 
Age ; but on account of their vicinity to conveniences of 
another kind, as by the Thames they could communi- 
cate on one side with Loudon, on the other with the 
Continent. 

The inland Counties would not in that early Age 
have been suitable for such establishments, being de- 
void not only of canals but of roads, and presenting 
neither opportunity of sale nor facilities for manufacture. 

But in course of time those Counties became greatly im- 
proved, and the woollen manufacture extended to the 
more remote parts of the Kingdom; first to Gloucester- 
shire, where labour and fuel were cheap and wool was 
to be purchased at the first hand ; and eventually to the 
West Riding of Yorkshire, where to all these advan- 
tages wus added the convenience of waterfalls lor moving 
machinery. 

The extension of the woollen manufacture of England slow pro- 
has been very gradual, because it was long carried on gu**.* or this 
by insulated workmen, and received little aid from the niJII “fr©* 
mechanical discoveries and inventions which have caused ture ' 
so rapid an increase in cotton-works. Another cause 
of ils slow* increase in former times, was that the sale 
of the fabric was long confined to the home-market. 

France, Germany, and Belgium made woollens for* 
themselves ; H was not till after 1700 that the export of 
English cloth to Portugal and Holland became consi- 
derable, or that our North American and West Indian 
colonies acquired so large a population as to render them 


Sarum, Wiltshire. 5,000 

Lyun 5,000 

Colchester 4,500 

Canterbury. . • • • 4,000 

Beverly 4,000 

Newcastle on Tyne 4,000 

Oxford 3,500 

Bury, Suffolk ; 3,500 

Gloucester .... 1 each some- 1 

Leicester > what more V 3,000 

Shrewsbury . . • ] than . . J 


Such was the limited population *bf our towns in the 
XIVth Century : in theXIIth and XHIth it was still 
smaller, while Flanders could boast of considerable 
cities in Bruges, Ghent, Antwerp, and Brussels* Hence 
the superiority of the Flemings in weaving us in other 
Arts r their looms were better, their workmen were more 
expert, their employment was more subdivided ; there 
was, in short, a more ready supply in their towns of all 
things auxiliary to a complicated process of manufacture. 
English weavers, residing in hairnets or villages, mid in- 
differently provided with the’ requisites for manufacture, 
could prepare only coarse cloths; the finer were made 
in the Netherlands, and sent to England and France 
for sale, The money thus obtained by the Flemings 
' VOL, VI. * y- . V 


customers of importance. At the time in question, 

•(1700.) the value of our woollens sold for home-con- 
sumption was computed not to exceed five or six millions 
sterling ; that of our exports was betw een two and three 
millions ; in all eight millions. In the course of the 
hundred years that followed, the quantity made for the 
home as for the foreign market appears to have nearly 
doubled, and to have formed, in 18(H), a total value of 
about seventeen millions. At present, (1832,) the value Value an- 
of our woollens exported continues nearly as thirty jears nuail} nwnle 
ago, about five millions yearly, but that of our home- ia KngUul. 
consumption may be computed at seventeen or eighteen 
millions, making u total yearly value of t\veuty-t\\u mil- 
lions or upwards, the quantity consumed at home having 
naturally increased in proportion to onr population. 

Next as to the price of our woollen cloths at different Price of our 
perieds of our History, the fluctuations have been less ' V(; ^ r * s - 
than is commonly imagined. In fact, if we pass over 
the temporary enhancement which in this, as in almost 
every article, prevailed during the Wars of the French 
Revolution, wc shall find the money price of woollens 
to have,, been nearly uniform for more than a century 
and a half. Of this wc ha\ c the means of judging by com- 
paring the present prices with what is termed the official 
value, or scale of prices adopted in (he year 1696, for 
the purpose of computing the value of our exports. So 
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Commerce, great has bee* the fall in the coat of wool and woollen 
cloth since 1815, that at present (in 1882) the price of 
either ini money is lower than it was a hundred and forty 
years ago ; it must be admitted, on the other hand, that 
the cloth m lighter atid less durable. The wages of the 
weavers and other workmen are higher, but that addi- 
tional expense is balanced by the greater aid wc now 
derive from machinery, and the saving in the consump- 
tion of wool, The French have not yet made an equal 
reduction in the quantity of the raw material ; they use 
considerably more than our weavers in a given length of 
cloth, and their woollens consequently are both thicker 
and heavier. 

Exports to The United States of America were long the chief 
America, foreign market for our woollens, and as their population 
was in a state of rapid increase, they purchased more 
after their separation from us in 1783 than at the time 
they were our colonies. The first blow given to this 
great branch of our exports, was by an act of our own. 
Government ; by the Orders in Council Of 1807, which, 

. by stopping the foreign trade of the Americans, deprived 
them of the means of purchasing and obliged them to 
manufacture for themselves. Establishments were ac- 
cordingly formed for that purpose in the United States, 
and a large amount of capital was invested in them, after 
which it became in a manner obligatory on their Go- 
vernment to support them. That could be done only 
by imposing heavy duties on foreign woollens, particu- 
larly those of England ; duties which formed a feature 
unfortunately too prominent iu the American tarifT of 
1828, and which are still persisted in to the incalculable 
injury of both Countries. 

Seats of the Next Os to the chief seats of this manufacture in 
woollen nta- England, and the number of persons employed on it. 
niifrtcturc in Though the value of the woollens, made annually is 
y,K not nearly equal to that of our cottons, the number of 
persons employed in the former is greater, because ma- 
chinery is less used. The mechanical improvements of 
the past and present Age have been applied in the first 
instance to cottons: to woollens later and less exten- 
sively. As to the ports for the export of woollens, Lon- 
don was long tile principal, but Liverpool has taken the 
lead in that respect since the extension of canal rtaviga-* 
tion and the great increase of the comparatively neigh- 
bouring towns of Leeds, Halifax, and Wakefield. The 
West Riding of Yorkshire, which, half a century ago, was 
supposed to supply a third of the woollens made in Eng- 
land, may now be considered as furnishing fully the half. 
Wiltshire. Gloucestershire, and Somersetshire, the other 
teats of this manufacture, have been nearly stationary ; 
that is, without decreasing their respective quantities, 
they have had but little share in the great augmentation 
which has taken place during the last filly years, 

Supply of As to the supply of the raw material at home, the last 
wool. century has witnessed a great increase in the produc- 
tiveness of our pastures, in the size of our sheep, aud, 
consequently, in the weight of the fleeces. None of these, 
however, have advanced in an equal degree with our 
population, with the number of the buyers end wearers 
of our cloths ; so that notwithstanding all the improve- 
ments in the.inodc of preparing wool, and the reduced 
.weight that dOW suffices for the same extent of cloth, a 
great increase has taken place in the import of the raw 
materia)* In former times, the only wool brought to 
England in large quantities was from Spain, a Country 
possessing in its mountains and valleys a great variety 
of climate and pasture grounds: the finer qualities of 
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Spanish wool were usefiit, and indeed requisite for mix- Gmmmm* 
tore with dur own growth. About the year 1700, the im- 
port of Spanish wool averaged about one million pounds Import of 
annually ; it increased steadily, but slowly, till towards 
the year 1775, when a rise hi the price of English wool 
and an extension of the manufacture caused a continued 
increase of import, so that about 1800, the Spanish wool From 
annually brought to thisCountry weighed about four mil- 
lion pounds. It has continued in some degree to increase, 
and may be said to have reached for some time back six 
million pounds a year ; a large quantity certainly, but 
bearing no proportion to the surprising augmentation of 
our import from Germany. That Country, formerly of so From Ger* 
little account in the supply of wool, now annually sends many, 
us firpm twenty to twenty-five million pounds weight, so 
greatly has the management of its flocks improved in the 
present Age, particularly in Saxony. Altogether the foreign 
woot imported into England at present is about thirty 
million pounds a year. Our home-growth being sub- 
iect to no duty or official inspection, its amount can only 
be guessed at from the number of our sheep, and the 
average weight of their fleeces. If, as has been com- 
puted, the growth of wool in Great Britain and Ireland 
be so much as one hundred and fifty million pounds, 

Ihe total of ihe wool used in our manufactures is about 
one hundred and eighty million pounds weight u year, 
its value about i?l 2,000,000 sterling. 

The export of English wool, long strictly prohibited, 
has been free since 1825 ; it averages at present about 
three million pounds, aud is made chiefly to France ami 
the Netherlands. 

New South Wales and Van Diemen's Land now 
send us a yearly supply of wool, in quantity about two 
million pounds ; the quality remarkably good. It is 
exempt from duty, while our imports from Germany, 

Spain, mul other foreign Countries, arc subject to a duty 
of a halfpenny or penny per pound, according to their 
quality. 

Linens. 

We come next to a manufacture of as ancient, or nearly Linea 
as ancient date in England ns woollens, but of inferior 
importance in a national view. Though our climate is 
os favourable to the growth of flax and hemp as that of 
the Countries in which these products hjive been most 
cultivated, such as Flanders, Germany, or Livonia, linen 
lias not at any time ranked among our principal manu- 
factures. If of the common qualities enough for home- 
consumption has been prepared in England, Ihe finer 
qualities have, in general, been imported; in farther 
limes from the Netherlands, but foe a century and up- 
wards from tbs Nojth of Ireland. ,Into Ireland, thecul- In Iieland. 
Uvatimi of flax and weaving of linen were introduced on 
tt large stale above one hundred and fifty years ago, and 
have ever since been patronised by Government. Liberal 
bounties were long paid on the export of linen, and what • 
was of far taiore Importance than a bounty, the consump- 
tion of England, as regarded the finer qualities, was 
snpplied byrthe Irish manufacturers. The quantity of 
linen imported from Ireland to England during ihe !aat # 
forty years has annually amounted to thirty, forty, and # 
forty-five millions of yards, a part of which was re-ex- 
ported, but a far greater part retained and consumed 
at home. The average value of this yearly supply from 
Ireland amowtUqsven it the reduced prices of late years, 
to twd millions sterling. 
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Comment. In Scotland, the manufacture of linen has, in general, 
been confined to the coarser qualities. On these, also, 
a large bounty on exportation was given during nearly 
In Scotland, a century that they might be enabled to maintain in 
America and other foreign Countries, a competition 
with the linens of Sikaia and other parts of Germany, 
which had taken a lead in the market, being both good 
in quality and moderate in price. Bounties, it is now 
, admitted, are, in nine cases out of ten, impolitic, and it 
had, perhaps, been better to bay© left our linen, like our 
cotton manufacture, to its natural course ; the effect, 
however, of the aid fsom Government has been to esta- 
blish linen-weaving on a very large scale in Great 
Britain as in Ireland, so that now that all bounty on 
linen is withdrawn, our Countrymen can continue the 
competition with the advantage of improved machinery, 
of workmen loop practised in their tasks, and of large 
sums of capital invested in the business. 

Principal In England, the chief seats of the linen manufacture 
seats in are a t Leeds and Barnsley in Yorkshire, and in towns 

England. 0 f ] ess extent in Lancashire and Cumberland. In Scot- 

land, they are in the Eastern Countierf, at Dundee, 
Arbroath, and Montrose. In Ireland, the seat of the 
linen manufacture is in the North, and the weavers 
live generally in detached cottages; but at Leeds and 
in Scotland, the business has for a considerable time 
been carried on in factories or collective establish- 
ments for account of mercantile houses. The latter 
having the command of capital, a subdivision of em- 
ployment, and the various other advantages of extensive 
cooperation, seem likely to prove, or rather have already 
proved, an overmatch for the cottage system ; so that 
Ireland can scarcely hope, under present circumstances, 
to increase her products, particularly iu the more com- 
mon qualities. 

Annual The increase in the quantity of our linen annually 
value. manufactured has not been by any means in proportion 
to our population, on account of the surprising exten- 
sion of our cotton manufacture during the last fifty 
jears. The total value of the linen made annually iu 
Great Britain and Ireland is at preseut about twelve 
millions sterling, of which two millions are sent abroad ; 
the coarser sorts going to the West Indies for Negro 
clothing. As to the raw materials, both flax and hemp 
are considered by agriculturists as exhausting crops; 
they arc, consequently, much fitter objects of culti- 
vation in Countries like Prussia, Courlahd, or Li* 
vonia, where population is thin and corn low priced, 
than in England, where the farmers find consumers of 
corn in abuudance almost at their doors* Our imports 
accordingly have long been on a great acalc ; of late 
years they have amounted to about twenty thousand 
tous of hemp and forty thousand tons of flax, three** 
fourths of both being from St. Petersburg, Riga, Revel, 
and other Russian porta in the Baltic and Gulf of Fin- 
land. 

The Cotton Manufacture . 

The history of the cotton mapu&cture in England dif- 
fers materially from that of the woollen or linen : its intro- 
duction was much later; its extension has been far more 
rapid. Indeed, the progress of the cotton manufacture 
in England during the last sixty or seventy years is the 
most remarkable event in the history of our productive 
Industry, About the year 1700, the total import of the 
raw material did not exceed five thousand bugs or bales ; 
during roany yeaisite increase was sV>w» buL in the early 
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part of the reign of George III. the invention of carding Commerce, 
machines and spinning jennies greatly extended the 
manufacture, so that in 1775, our average import of 
cotton became nearly 18,000 bales. 

By the end of the next twenty years, viz. 

in 1790, it averaged 100,000 bales or bags; 
in 1801 .... above 150,000 
in 1800 .... above 200,000 
in 1810 and 1811 above 800,000 
iti 1810 , .above 370,000 

since which date it has continued to increase every year, 
and at present (1832) exceeds the surprising number of 
800,000 bales, the average weight of which is not less 
than three hundred pounds each. 

As tlie cotton plant requires a great degree of heat The weav- 
to bring it to maturity, and India was one of the Tropical !"& cot * 
Countries which was peopled at a remote date, we may in 

consider it to have been one of the earliest seats of the iudia. 
cotton manufacture. It certainly has been so since the 
earliest records in authentic History, for cotton cloths 
appear to have formed an article of export from India to 
Europe at the time that the Indian trade was car- 
ried on by way of the lied Sea aiid Thebes in Upper 
Egypt. The lightness of these cloths made them easy 
of transport, while the low wages of workmen in India 
prevented attempts in Europe to rival this manufacture 
during many Ages, in short until the towns of modern 
Italy acquired considerable population. Even their 
efforts hardly deserved the name of rivalship, so superior 
were the fabrics of the Hindus; and it was uot until 
half a century ugo ttiut the improved machinery of Great 
Britain euablcd our workmen to balance the cheap 
la!)our of the East. 

We read in printed works of cotton manufactures at Progress * 
Manchester, so long as two centuries ago ; but these were of the ma. 
cottons only in name, the raw material being wholly ltx 

wool, and the name of cotton given to the cloth from its «f n ^ AUU ’ 
resemblance to the cottons made in India and Italy. * 

Wool ceased to be used iu this manufacture seventy 
year#* n^o, but even theu the process of preparing this 
article tor a market was very primitive. The cotton 
weavers in Lancashire, like the linen weavers in the 
North of Ireland, lived iu detached cottages, and were 
in the habit of going to market in the neighbouring 
town, first to purchase thread, afterwards with the 
finished web for sale. They thus received \ery little 
aid from shopkeepers or dealers in ton ns during the 
time the weaving was in progress. But about the year 
1760, the Manchester dealers, finding the demand for 
cottous increase, cam© forward to assist the weavers so 
far as to supply them with thread, or if they preferred it, 
with raw cotton to be spun into thread by the weaver’.* 
family ; engaging at the same time to be the purchasers 
of the webs at a given price. The workmen were thus 
considerably relieved, being assured of a market for all 
Or almost uil (he cloth they could get ready ; but spin- 
ning by hand being necessarily tedious, the quantity of 
cottons made continued to\)e very limited. At last, in Mechanical 
1767, an ingenious person, named Hargraves, imented 
the spinning jenny, a machine which from the first 
enabled one person to spin eight threuds with the same 
ease os one, and which was eventually so simplified and 
improved as to enable a boy or girl to work above one 
hundred spindles. 

TWs machine, however, was fit only for spinning the 
weft dr cross threads of a web, and had not the power 
of giving the firmness or hardness required in the warps 
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Commerce, or running threads ; but that great desideratum was soon silk, leather, and other articles, the increase in the quau Cmmmm 
after supplied by the 41 spinning frame/* the invention of tity annually made since the Peace has borne a propor* 

Ark- Mr. (afterwards Sir Ricnard) Arkwright, which spins a tion to the increase in our population, viz . about thirty 

wright’a vast number of threads of any degree of fineness and per cent. ; but in cotton the increase has exceeded one 

discover its. hardness ; leaving it to the person in attendance only to hundred per cent., so greatly is the use of cottons 

supply the machine with cotton, and to join the threads extended in this Country, South America, and India* 
when they happen to break. For this most important Another remarkable feature in our cotton trade is the 
improvement a patent was given to Arkwright ; its magnitude of the export compared to our hotoe-con- 
exclusive use during the period of the patent laid the sumption* Of the woollens made in Britain the pro* 

foundation of the vast fortune of his family; and on portion sent abroad is a fifth or sixth; of our hardware 

its expiring in 1785, its general adoption greatly extended the proportion is somewhat more ; but of cottons it is 

the cotton manufacture throughout the Kingdom. fully halt.. The reason is that theytare sent not to a few 
One of the next improvements of consequence was the particular Countries, but to all parts of the World, 
introduction of the mule jenny, a compound of the spin- Taking the number 40 as the integer of our exports of 
ning jenny and spinning frame, ^11 these inventions cotton and cotton yarn, the proportions of the different Conn fries to 
related to spinning, and surprisingly extended the quau- Countries will be os to \ Jows : , which we 

tity of yarn. The object then in request Was machinery West Indies 5 ’ 

for weaving, and that was sometime after supplied by the Brazil * 5 cuttou-jarn. 

The power most remarkable of all these inventions, the power loom, Spanish America 4 

loom. or substitution of mechanical for manual labour in weav- United States and British North America. 4 

ing. Power looms during the last fifteen yews have East Indies 4 J 

been multiplied to almost incredible numbers : they have, Africa * . 1 

it is true, caused a serious reduction in the wages of The Levant 1£ 

weavers, and, consequently, a great deal of individual Germany 4 

distress, but, in a public view, they have beeu highly Italy; 34 

advantageous. Without them, it would not have been Portugal 

practicable to have increased so rapidly as we have done Spain • 2 

ihe quantity of cottons made in this Country, or to have Netherlands I 

competed so successfully with the lower wages of Other parts. 2 

foreigners. TJ 

Import of Cotton in former times was imported from the Levant, w 

cotton wool. c hieflv from Smyrna afterwards from our West Indian Germany aud most parts of the Continent of Europe 
colonies, but from these the supply has been all along manufacture such articles as woollens, leather, linen, 
limited. Carolina and Georgia did not begin the culti- hardware, to the extent of nearly the whole of their con- 
vation of cotton until a recent date, viz . after 1790, but sumption, because manufactures in those branches were 
it has since been extended in these States in a surprising established in the respective Countries several centuries 
degree. Of late years, the South Western States, New ago, in times when England had no marked superiority 
Orleans, aud Alabama, have greatly increased their over her neighbours. But cottons came into demand at a 
cotton cultivation, so that the total yearly export from time when our productive industry was in an advanced 
the United States of America now exceeds eight hun- stage, when our capital had become large, our towns 
dred thousand bags of about three hundred pounds each, populous, onr machinery powerful, and fuel abundant 
of which above five hundred thousand bags are seiU to and cheap in almost all our towus, from the extent of 
Pmgland. Next in the supply of cotton come Brazil, our canals. 

the East Indies, and, during the lost ten years, Egypt. These are the causes of the success of manufactures, 

Quantity It is usual to compare the extent of manufacture in one and in these the different Countries of the Continent, 
tur«L faC ? car w ‘ t * 1 ^ 111 all0 ^ lcr by the number of bags con- even the Netherlands and North of Italy, whose popu- 
sumed or wrought up weekly by our manufacturers. In Iation is dense, and their wealth of old d&te, are greatly 
the year IS2 4, the number of bags so wrought up was inferior to England : hence the far greater extension of 
about 10,000 a week ; in 1827, it had increased to more the cotton manufacture in this Country. 

than 12,000; and it now exceeds 16,000 a week ! Com- The cotton manufactures of FYahce were very Con* Cotton mt* 
paring Uih;c quantities with the consumption of the years siderably extended about twenty yca» ago. Labour wfidiiw* 
lslO and 1817, we find that the quantity of cottons in that Country is still soraewhat cheaper than here, row* 
manufactured in Great Britain has more titan doubled but fuel, is dearer and this machinery less complete, 
in the course of twcnty)ears; but so great has been the The amount of cottons annually made by the French 
reduction in the cost of the article that the motley value is consequently stationary, and forma not quite a third 
of the vast quantity now annually made (between thirty of; that which k prepared in Britaip ; nor are they likely 
and thirty -five millions sterling) is not much above that to gain ciu ns in the race of Competition, for they 
of the far smaller quantity prepared* in 1817, cannot Supply foreign markets equally low prices, 

trice "hs This great fall of price has been owing to several The same reasoning holds in ^regard to the cot- 
causes. causes ? Partly to the reduced cost of the raw material, tons of the Netherlands* Germany, and Swisseriand : 
and successive improvements in machinery, The decline in all those Countries establishments were commenced 
in cost of the raw material has been so great that the with alacrity during the War, and in all it is now 
pound of cotton yam which in 1814 cost one shilling and found. Very difficult to withstand 4 English competition . 
sixpe nee, is now supplied at seven -penee or eight-pence, eyeii when our good* . subjected fo an import 
In all ofir manufactures there has been a large increase duty. The dearness 'of, provisions in England during 
in quantity aud decline in price since the Peace ;,but the tbs iale Wars, and the high rata of wages, were the main 
difference is greatest by far in cotton. In woollens, grounds of the expected success of foreigners ; but these 
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Commerce, disadvantages have gradually given way, particularly 
since 1827, when our Corn laws were modified, and the 
cost of provisions in England was brought so much nearer 
to that of other Countries. 


Increased 
population 
ofnnglish 
Cotton map 
imfiidnring 
districts. * 


The consequence has been a continued increase in 
the population of the cotton manufacturing districts. 
According to the last census, that of 1831* the number 
of inhabitants in the chief towns was as follows : 

Manchester and Stockport .... 178,000 


Bolton (Great and Little) 40,000 

Oldham 32,000 

Blackburn 27,000 

Wigan ‘ ; 21,000 

Bury 15,000 

Warrington 16,000 # 

Preston ,33,000 

Glasgow and suburbs 202,000 

Paisley 60,000 


In most of these places the increase of numbers 
duriug the last seventy years has been in the remark* 
able proportion of nearly four io one ! Glasgow has an 
extensive and varied trade distinct from the cotton manu- 
facture, but in id) the other towns the cotton trade, in one 
shape or other, is the main spring of local activity. The 
total number of persons employed in it is not ascertained, 
but amounting probably to 400,000, would be far greater, 
did not machinery perform so much of the work in 
every stage. To conclude, this branch of our produc- 
tive industry has mbre than any other enabled us to bear 
the unparalleled burdcus of the times ; and it hap- 
pily promises to continue to be one of the pillars of 
our National wealth; no other Country, whether in 
Europe, America, or India, possessing advantages for 
conducting it to be compared to those of Great Britain. 


Iron and Hardware . 

K»Hy state Of all our great branches of manufacture, that of 
nt tho in or iron has been, next to cotton, the most remarkable in 
iiiifocturv of its increase. Iron-ore was known to exist in different 
,rou ’ parts of England several centuries ago, and began to he 
smelted in a few situations, such as the Forest of Dean 
in Gloucestershire, where wood fuel was abundant and 
in the vicinity of the mines. The demand for iron in- 
creasing, the consumption of the wood became so con- 
siderable, as tcfinduce the cautious Ministers of Queeu 
Elizabeth to restrain it by Act of Parliament. The 
great desideratum now was to discover whether coal 
could be made to answer the purpose of wood fuel in 
smelting iron, and so early 09 tho year 1612 a patent 
was granted for the use of coal for that purpose. But 
a very tong time etapsed ere the existing prejudices and 
obstacles to the use of coal were removed. The works of 
the first patentee for coal were destroyed by. assemblages 
of the people, Who had been formerly employed in cut- 
ting and carrying wood fuel ; and other iron- masters 
were deterred from following his example. The process 
of smelting by coal thus remained in a rude state, and 
there prevailed a general belief that iron sq smelted was 
of far inferior quality to that which was prepared by 
wood or charcoal. But as the demand for irou increased 
with out* population during the XVII th and XVIIIth 
Centuries, the consumption of wood became so alarming 
a* tocauae a multiplicity of complaint^, from the inhabit- 
ants of the districts adjqiuingtbe mines. Fortunately by 
that time ait increased familiarity with the use of coal had 
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improved our workmen in the method of applying it to Commerce, 
smelting, so that the use of it for that purpose extended 
itself considerably after the middle of the last century. 

Seventy years ago our mechanics and hardware mk- its imr- 
nufacturers chiefly mode use ol Swedish iron, and the prising in* 
quantity of English irou prepared did not exceed 20,000 
tons a year : it soon, however, experienced a great in- 
crease, for our furnaces had were 90 increased that the 
irou made at them amounted 

in 1768 to 68,000 tons, 

1796 to 125,000 
1906 to 250,000 
1820 to 400,000 
while at present (1832) it 
is computed at nearly . 700,000 

This vast quantity is made in the following parts of 
the Country : 

Scotland, chiefly at the Carron works 40,000 tons. 

Yorkshire and Derbyshire 65,000 

Shropshire 80,000 

North Wales 25,000 

Glamorganshire and Monmouthshire 270,000 
Staffordshire 220,000 

It thus appears that the quantity of iron annually Beeline in 
made in this Country has tripled in the course of twenty r rice * 
years. This increase has, perhaps, been too rapid, for 
the present prices are not sufficient to indemnify the iron 
masters, or to enable them to pay sufficient wages to 
their workmen. A partial reduction of the number of 
furnaces has consequently taken place, but notwithstand- 
ing the present depression, no branch of our pro 
ductive industry is piore likely to recover, for none 
rests on more solid foundations. All our iron mines 
arc situated in the vicinity of coal, and most of them 
have the advantage of a direct import of provisions from 
Ireland ; in other words they are in the neighbourhood * • , 

of cheap materials and cheap labour. In the transport 
of so heavy an article as iron, canals and railways 
are of first-rate importance, giving our iron-works an 
advantage not possessed by one in ten of those on 
the Continent. It may fairly be assumed that of no 
article is the use more likely to extend as Society aug- 
ments its numbers, or improves its habits and institu- 
tions. In England iron is in progress of substitu- 
tion for timber in various respects ; abroad there must 
ere long be an end, particularly in France, to that im- 
politic system of high duties on English iron which go 
far to deprive- the French Public of a most useful mate- 
rial. Add to this the probability, in this Age of inven- 
tion and discovery, of further improvements iu the moth 
of smelting, or otherwise preparing iron ; comparatively 
recent as the manufacture is in this Coif n try, and* un- 
fettered as it is likely to remain in respect to duty or 
excise regulations, which have so often proved an obstacle 
to useful experiments and amended processes. 

Of the total of the iron annually made in this Country 
about a sixth part, orone hundred and twenty thousand 
tons, ore exported ; and the cheapness of freight in time 
of Peace is in favour of an increase of our exports. 

The name of cast or pig iron is given to the metal Piginm 
when first extracted from the ore : wrought or soft iron 1111(1 
is pig iron refined, or rendered malleable. This process 
takes place in more than two-thirds of the iron an- j,i a iuyd. 
totally made, after which it* is formed into bars, bolts, 
rods, &c. for sale. The exports take place chiefly in 
wrought iron, because it is fit for immediate use by the 
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Commerce. Mechanic, but the prices stated at the iron-works, or in 
the public papers, apply to pig iron. In years of brisk 
trade, such as 1824 and 1825, these prices were so high 
ha £10 or £12 a ton ; at present they are not half so 
much; so that vast aa is the quantity (700,000 tons) 
made annually, the value does not exceed £4,000,000, 
to which £1,000,000 or £1,500,000 may be added for 
the cost of forming pig into wrought iron. 

Hardware. Such is the value of the whole of the iron or raw 
material prepared annually in Great Britain ; hut the 
hardware, or articles manufactured from iron, amount, in 
consequence of the labour bestowed on them, to nearly 
twice that sum. These articles are very various in their 
kind, and are made in surprising quantities : they com- 
prise knives, scissors, razors, and all kinds of cutlery ; 
fire-arms, swords, sabres, locks, bolts, bars, &c. In 
addition, hardware comprises a variety of articles made 
of tin, brass, copper, steel ; in short, the almost endless 
list of goods which afford employment to the inhabitants 
of Birmingham, Sheffield, and the populous towns in their 
vicinity. In hardware, as in cotton, there has been, since 
the Peace, a very great increase in quantity accompanied 
by a heavy and general decline in price. As to the value 
of the iron and hardware of all kinds made in Great 
Britain at present, (1S32,) the computed amount is 
£17,000,000 sterling, of which about £4,000,000, nearly 
a fourth pari, is sent abroad. The chief foreign mar- 
kets are the United States of America, Canada, India, 
and the West Indies. 

Though this, like other branches of manufacture, has 
been for some time in a very depressed state, there is, 
happily, the strongest reason to anticipate a revival of 
its prosperity. The abundance of our coal and the 
cheap rate at which both it and iron are conveyed by 
canals, are of the greatest importance to this branch of 
.our industry, and have, indeed, been the chief causes of 
• its extension. To these are now to be added the advan- 

tages arising from the division and subdivision of em- 
ployment in towns of so great extent as Birmingham and 
Sheffield, where the capital vested in trade is ample, and 
the machinery and tools used by the manufacturers are 
greatly superior to those of the Continent. In no other 
Country can hardware articles of equal quality be sup- 
plied at so cheap a rate. We arc therefore justified in 
expecting a great eventual increase in the sale of our 
iron and hardware both at home and abroad. At home, 
iron is likely to be used more and more in public works, 
such as railways, or in roofs, pillars, beams, canal boats, 
as a substitute for timber. Abroad, particularly in 
France, the use of iron and hardware articles cannot fail 
to receive a great extension as soon as a reducliou takes 
place, in the exorbitant and impolitic import duties. 
Those duties were intended to protect the iron- works of 
France, but the attempt is found tube unavailing; most 
of those works labouring, from insufficiency of fuel, 
under so serious a disadvantage that the Government of 
France would act wisely iu making a pecuniary sacri- 
fice towards indemnifying the owners, rather than con- 
tinue to deprive its subjects of the various advantages 
that would result from the cheapness of nn article of 
such first-rate importance as iron. 

The Leather Manufacture. 

i ^uher. This department of our productive industry is on a 

footing considerably different from that of our cotton or 
hardware. The chief Consumption of it is at home, and 


the export is comparatively small, because in this menu- CmoNvca 
facture we do not possess any marked advantage over 
our Continental rivals. First, as to the supply of the 
raw material ; the number of cattle in Great Britain and 
Ireland, computed at present between six and seven 
millions, is a great addition to the number half a 
century ago, while the weight of the animals, and 
consequently the size and weight of their hides, has 
increased surprisingly; but in neither is the augmen- 
tation proportioned to the Increase ia the consumption 
of leather, which, like our population, has more 
than doubled since the year 1750. We are conse- 
quently obliged to import annually a large quantity of 
hides, partly from Lithuania and other Provinces of 
llilssip where cattle run wild in the forests, but more 
from Paraguay, where tnmong the immense herds that 
range the uncultivated tracts, thousands and tens of 
thousands of cattle are killed merely for the sake of 
their hidos. Unfortunately, the troubled politics of 
that and other parts of South America for many 
years past, have limited the supply of hides and have 
kept up the cost of leather so highly that of alt our 
manufactures it has experienced the least decrease of 
price since the Peace. It has been a that ter of com- 
plaint that the repeal of the leather tax should have pro- 
duced hardly any abatement in the price of shoes ; but 
we must not imagine that the repeal was unavailing, for 
it prevented the rise which would otherwise have fol- 
lowed our annually increasing consumption. 

The vast quantity of hides supplied by the slaughter 
of cattle in London are tanned chiefly in Bermondsey 
in Southwark, the seat of the largest tanneries in the 
World, There are also very extensive similar establish- 
meuts in Lancashire, Staffordshire, and other Counties, 
in which the towns are populous and the carriage of 
hides from one part to another is facilitated by canals. In 
the further process of the manufacture, we mean making 
the leather into harness, saddlery, boots, shoes, &c., 
which is ahno&t altogether carried on by manual labour, 
little advantage is derived from our national supe- 
riority in fuel and machinery. In France, leather is 
considerably cheaper than iri*England, but both its qua- 
lity and the workmanship of the different articles made 
from it, are deckledly inferior. The total quantity of lea- 
ther tanned and otherwise prepared in England is about 
25,000 tons ; the number of persons employed in the 
various branches of the manufacture about 250,000 ; 
and the value of all the articles made is about 
£15,000,000 a year, of which shoes alone form the half 
or upwards. 

The making of gloves was carried on with consider- Glows, 
able profit during ou^ Wan with France, but received 
a serious check from the suspension, In 1812, of our 
trade with the United States of America, which were 
lire chief foreign market for the article. Unfortunately 
the depression has continued in a greater or less degree 
ever since ; the Americans now make gloves for them- 
selves and the French rival us {n foreign markets. 

Still we bid fair to maintain a competition with them, 
the chief labour in this article (that of women) being 
almost as cheap in England as on the Continent Wor- 
cester, Yeovil, Ludlow, and Woodstock are the chief 
seats of the glove manufacture* 

; .V’ Klk ' 

* The circumstances of our. silk manufacture an very 
different from those of our hardware. The whole of 
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<'*ihtibk«. the raw material must be imported: our canals are of 
no importance in regard to an article so light in compa* 
risen with its value; and even the cheapness of oar 
fuel is in this respect but a secondary advantage* How 
then has it happened that the silk manufacture gained a 
footing in England? It seems to have owed its intro- 
duction to the large profits expected from an article 
costly in itself and consequently used by the higher 
Progress of. classes. It was begun in this Country before the year 
this mono- 1500* and attained a certain extent in the course of tho 
Ifecttire. XVlth Century* particularly in the reign of Elizabeth* 

• when a number of Flemish workmen settled in Eng- 

land in consequence of the political disturbances in the 
• Netherlands. A further stimulus was given to it a 
century after by the repeal, in France* of the Edict of 
Nantes* and the removal of a number of the manufac- 
turers to England. Unfortunately our Government 
began at that time to listen to the doctrine of mono- 
polists, considering it politic to subject foreign silks to a 
high duty* and eventually to proM|$| them in Mo. 
Italy was then the quarter for suppfptSg us with silk, 
whether raw or organxine, or* as it is commonly called, 
thrown silk. But in the year 1719, a Mr. Lombe, after- 
wards Sir Thonyis Lombe, having obtained models of silk 
mills from Italy, established one at Derby for the pur- 
pose of throwing silk. To perform this process in 
England was accounted at the time a great acquisition ; 
but there is now little doubt that the silk manufacture 
would have succeeded better iu this Country had we 
been content to leave things to their natural course, and 
to impose no restraint on the import of thrown silk, 
while the duty on the manufactured article ought not to 
have exceeded ten or fifteen per cent. With so mode- 
rate a duty there would have been very little inducement 
to run the risk of smuggling forcigosilks : the competition 
would have been open,aud Government would soon have 
l>con enabled to judge whether the manufacture could 
stand its ground in this Country without factitious aid. 
But the course pursued was very different; foreign siiks 
were cither burdened with a very high duty or prohi- 
bited ; a* strong temptation was thus afforded to smug- 
gling; and the amount of foreign silks clandestinely im- 
ported was probably not below half a million sterling a 
year, which a century ago was a very large sum. Hence 
a succession of oomplaints on the part of the workmen in 
Spital fields, one of the results of which was an Act of 
Parliament obliging the masters to pay them wages 
according to a fixed scale. This compulsory Act ended, 
as compulsion in Commercial affairs always does* bf de- 
feating its own object; the manufacturers, in self-defence, 
established silk-weaving in Provincial towpfc (Manchester, 
Norwich, Leek, Macclesfield,) which wert but of the reach 
of the Act ; and the result of the competition was a re- 
duction in the rate of wages in Spitalfiekfa. 

However, notwithstanding complaints on the part both 
of the workmen and their employers, the silk manufacture 
. was continued and increased in correspondence with our 
population* so that inwards the year 1785 the value of 
the silk annually made in England was computed to be 
nearly £5*000,000. It then began to anger from the 
RivAl&hipof rivftlflnip of cotton* which every year became more for- 
mation. midable as mechanical improvements followed each other. 

In the course of years, cotton fabrics became almost as 
elegant cod* beyond all comparison, cheaper than silk: 
no effort pa the part qf tta*Sfast India Company to re- 
duce the <kM mod increase the quantity of silk imported 
from Bengal* could balance rite cheapness of cotton, and 


the ease with which, from the nature of its fibre, it Commerce, 
admits of the application of machinery. The latter ad- Wv^ 
vantage it possesses in a remarkable degree over wool 
flax, and silk ; so that the mechanical improvements in 
the manufacture of those articles have, in general, been 
first tried and made to succeed in cotton. 

The consequence of the rivalship of a manufacture 
improving so rapidly as that of cotton, has been a fre- 
quent depression of the silk trade, and a recurrence of 
complaints among the weavers, chiefly in Spitalfields, 
but occasionally also in Coventry, Macclesfield, and the 
other Provincial seats of this manufacture. At last, in 
1825, Government adopted a new system; the prohi- 
bition of foreign silks was declared at an end, and their 
import was allowed on paying a duty of 30 per cent, ad 
valorem* The duty on foreign thrown silk was lowered 
from 14*. 7d. per pound to 5*. The reduced rates were 
accounted by Government sufficient to protect both 
our throwsters and weavers ; and in order to afford them 
raw silk at a cheap rate, the duty on it was brought 
down to fid. per pound. 

This Act has now been in operation seven years, a 
period of severe trial to the silk trade as to all orna- 
mental manufactures, in consequence of the reduced 
circumstances of the majority of the consumers. Com-, 
plaints have continued on the part of our manufacturers, 
and u higher duty on foreign silks has been called for ; 
but* on the other side of the question* reference has 
been made to the rapid increase of the manufacture. This 
fact is established by the increased import of. the raw 
material, which in the course of ten years has doubled : 
it is further shown by the increase of our exports, which 
though not yet large, (£400,000*) are fully double their 
former amount. It has now become a general opinion, 
that in all' qualities of silk, except fancy goods, our 
workmen are equal to those of France, while iu several 
they are superior. ' 

The number of weavers and other persons, young 
and old, employed in the silk trade, is not accurately 
ascertained, but is computed to exceed 100,000 iq the 
whole Kingdom. The value made annually, in an Extent or 
article so high priced* is large in proportion to the number the numi- 
of persons employed; not less probably than£ 10,000,000 future, 
sterling. Our chief export fa to the United States of 
America. 

So far from acceding to an increase of the existing 
duty on foreign silks, the advocates of free trade con- 
tend that it would be for the advantage of our manu- 
facturers if it were lowered to 15 per cent, as smug- 
gling would then cease. Be Ibis as it may, the re- 
markable difference in the success of the cotton and silk 
manufactures in this Country seems to have originated 
in the following causes. 

I. The silk manufacture was long confined to 
London* where provisions, fuel* and house rent arc and 
have long been cohstderalriy higher than in Lancashire. 

£ The French and Italians bad, in a manner, pre- 
jeoded us in regard to silks* while the production and 
"supply of cottou for manufacture became large only at a 
tittle when our disposable capital had become great, 
when the supply of coal was extended by canals, and 
our town population was rapidly on the increase. 
Foreigners could buy the raw materia! as cheaply as 
. our Countrymen, but they were greatly inferior to us 
both in capital and machinery. 

S’. To these tlm advocates of free trade add the 
advantage of leaving a manufacture to its uatural 
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Commerce, course ; the interference of Government, even for the 
purpose of protection, being found in most cases to be 
eventually injurious. 

stocking Connected with the silk manufacture arc the lesser 
s oc ngs. brandies of lace and stockings. Lace is made in large 
quantities in the midland Counties, viz. Buckingham, 
Bedford, and Nottingham. It is a manufacture of old 
date, and formerly gave employment to very many per* 
sons, chiefly females, to the number, it is said, of nearly 
200,000 in all. The quantity of luce made in England 
is at present greater than e\er, hut machinery has in 
various respects superseded manual labour. Since the 
Genera] Peace in 1S15, the price of lace of all kinds has 
fallen greatly, so tlmt the wages of the women employed, 
as well as of the workmen engaged on the power and 
hand looms, arc much lower thau formerly. . Our chief, 
rivals in this manufacture arc in Flanders, which has 
long been noted for the variety and, quality of its lace, 
and still preserves a superiority in embroidery. 

The stocking manufacture is carried on likewise in 
the inlaud Counties of Nottingham, Derby, and Leices- 
ter ; the quantity made annually is now greater than 
ever, but in this branch also machinery has greatly su- 
perseded manual labour. Tbe value of the cotton and 
silk stockings woven annually in England is not below 
•£2,500,000. 

Earthen* We come in the next place to manufactures of a more 
ware homely nature, but which are likely, in the course of 
time, to acquire great extension in this Country, in con- 
sequence of our local advantages. The cheapness of our 
fuel is a first-rate point in making both glass and earth- 
enware ; while the extent of our cauals is of equal con- 
sequence in sending them to a market. Both advan- 
tages are enjoyed at Newcastle in regard to glass* and 
in Staffordshire (in the Pottery district) in respect to 


for home-consumption as for export. The latter, how* Commerce 
ever, has been subjected to repeated chocks from the 
duties imposed on the import of our refined sugars at 
Hamburg, St. Petersburg, and other ports, in which the 
respective Governments have endeavoured to confine 
the manufacture to their own citizens nr subjects. The 
Germans, our chief rivals in this branch, have the 
advantage of cheap labour and of workmen accustomed 
to the business : wc, on the other hand, obtain raw sugar 
at a somewhat lower rate, and have, in most situations, a 
cheaper supply of fuel. Our refineries are chiefly in 
London, Bristol, Liverpool, and Newcastle : in London, 

Bristol, and Liverpool, the refiners arc supplied with raw 
sugar lauded on the spot; at Newcastle, the want of 
this advantage is compensated, and perhaps inorq than 
confpensatvd, by the cheapness of fuel. But whether in 
London or the outports, the workmen employed in this 
exhausting manufacture are ehietly Germans. The value 
of the refined sugar annually exported from England 
is about j£2,(ti&060, and the chief markets are Italy 
and Germau^r! 

In the South of Europe, the climate being fav tumble Soap, 
to the growth of olives, olive-oil is so abundant as to 1 c 
the raw material for the manufacture ^>f soap; but in 
England and other Northern Countries recourse is had 
to inferior materials, r is. tallow, soda, and potndi. 

The quantity of soap made anuually in England is be- 
tween 50,000 and 00,000 tons, the value of which is 
about <£1,500,000, or, after addiug a very l.epvy excv. • 
duty, (3d. a pound,) £3,000,000. Thi latter is, of 
course, the sum paid by the Public for an article on which 
the duty ought to be moderate, a* well from its being 
indispensable to cleanliness, as from the smuggling to 
which the high impost has given rise. 

The toti. 1 value of the hats made annually in Gr at Hats. 
Britain is between £2,000,000 and £3 000,000 s idling: 


earthenware. In the latter district a population of above 
60,000 persons is engaged in preparing for market 
as well the porcelain or finer qualities, as the cheap 
and bulky earthenware required for common use. The 
value of the whole made annually at the. Potteries is 
computed at •£1,500,000, and of that made at Worcester, 
Derby, and other parts, at betweeu .£700,000 and 
•£800,000. Tbe portion of the .whole exported yearly 
is about £500,000. The United Stabs of America are 
our principal foreign market, and next to them Brazil 
and the West Indies. > ^ 

•ndglm In 4 the XIVth and XVth Centuries the. makihg of 
white* glass was, in a manner, confined jfo Venice, and 
the chief towns of Italy ; while, from the ejq^epse at* 
tending its conveyance to England* its price. Wasf such 
as to coniine its use to the Court, the Nobjlrty, and a 
few affluent merchants. It was .in the latter part of 
the reign of Elizabeth, somewhat more than two cen- 
turies a go, that the improving circumstances of our 
farmers, manufacturers, and middle ranks generally, 
enabled them to adopt the use of what was at that tifne 
considered a luxury ; hence a motive for manufacturing 
glass at home, particularly in the vicinity of our coal 
mines. The French^ have long curried, and still carry* 
on this manufacture with spirit, but with means inferior 
tq ours, both as to fuel and conveyance by water. The 
total yearly value of the glass made in Great Britain is 
about £2,006,000; that of tbe exports £500,000. 

Su ar re. Another manufacture in which our abundaucc of fuel 
fiu5ry. is of tie greatest importance v is the refining of sugar ; 

this is carried onjo a great extent in England, as wall 


the mut^rials are the fur of the beuvci for tin. finer huts, 
and wool for the coarser, or, as they an* commonly 
called, felt hats. Flaving no superiority over neighbour- 
ing Countries, either in the purchase of these articles, or 
in the process pjf the manufacture, we do not export 
hats to the Cdqiiinent of Europe : our foreign markets 
are confined to pur colonies and Brazil, and the amount 
sent abroad not being above £200.000 annually, niu - 
tenths of the hats made in England are consumed at 
home. 

We pass now to objects of a very diffl’rent nature- -;.j Tho Lew- 
thp produce of our breweries and distilleries. There ° y di*. 
are* eleven Porter Breweries in London, which col- t,Ul ' r y* 
lectlvcly brew about two millions of barrels ©f porter 
. annually* Tbe higher wages of labour in London and 
the higher price of fuel, have led to competition in Pro* 
vindal towns iii various branches,, but not in porter 
brpw;ng,b^dse those drawbacks arc counterbalanced 
by thg great advantage of a market on the spot, nine- 
tenths of thtf beer made being consttmeddn the Metro- 
polis and its vfoinity. 

; Iii regard to a different liquor, spirits distilled from 
, aorn,\ the advantage of a market on the spot is of less 
importance* the freight from a d^fant port being a less 
serious charge on an article which is of considerable 
value for its bulk, \ The London distillers inust there- 
fore reckon on a continual competition with Scotland 
iltd the North of, Ireland, notwithstanding Uic ad van- * 
tags to Lcmdonj^the late t eduction in the couhduty, 
uMfijit JiM b^SMWeelril to ap excise duty in England 
, avidf . &Mf> Add if the returns of the 
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Commerce. Public Offices be assumed as a fair criterion of the 
-v-**' quantity of beer annually consumed! the result is that its 
increase has borne a very inadequate proportion to the 
increase of our population. Thus in the forty years be- 
tween 1787 and 1827, our numbers increased between 
70 and 80 per cent., while the quantity of beer sold 
hardly increased 30 per cent. The means of purchase 
on the part of the lower orders having augmented in the 
course of that period, to what are we to ascribe their 
limited consumption of beer? To two causes : the ex- 
tended use of tea and codec, and the unreasonable 
amount of the beer duty, which exceeded the prime cost 
of the article until so lately as 1830, when it was reduced. 
* The quantity of barley made into malt in England has 

liot during many years exceeded an average of 3,300,000 
quitters; but now that the dut\fs on both beer* and 
spirits are so materially reduced, the quantity of barley 
made into nHt is in a course of progressive increase. 
The motive for lowering the duty ou beer was twofold : 
the relief of the lower orders, and the benefit of the 
agriculturists. In the case of spirits the ground of 
reduction was different; it was to check illicit distilling, 
which prevailed to a most pernicious extent in Ireland 
and Scotland. •That effect it produced, and the con- 
sumption of the different parts of the United Kingdom 
is now understood to be almost wholly of duty-paid 
spirits. The yearly average may be stated thus : 

Ireland, 9,000,000 gallons of home-made spirit. 

Sc tland 6,000,000 ditto. 

England, 8,000,000 ditto. 

But of the quantity prepared ill Scotland a considerable 
Mart is for the English market, in which there is also a 
c. itMimption of rum uni brandy far beyond that of the 
o'h-T pioportions of the Empire. 

Mineral Products. 

Lead. Lead mines were wrought in Derbyshire before 

the Xrilth Century at present they are worked not 
only in that County, but in Cumberland, Yorkshire, 
and Wales. The. quantity formerly raised from our 
mines was above 20,000 tons annually, of which the 
: u'f was exported Of late years, however, the quan- 
tit, of our exports has been much lessened by the 
■* 'ship cf leajl mines in the South of Spain, the ores 
o; which are much more productive than those of this 
Couriry, and are wrought, of course, at less expense. 
Ti ■ ‘ons^queiice has been a great decline in the price 
oflcu; ; viz. < roni «C23 to X'l4 per ton since the year 
1820, i o that many of the workmen in our mines have 
been obliged to emigrate. 

Tin. In tin the-c is less dread of foreign competition, few 

Countries in Europe being possessed of tin mines: the 
chief rivahuup in that respect is from a very distant 
quarter— the tu mines in the Island of Banca wrought 
* by Chinese settlers. The produce of these mines is 
brought chiefly to Singapore, and is shipped in vessels 
which call at that unit in iheir voyage homeward from 
China. The quantify o.' tin yearly prepared in England 
is between 4000 and 5000 tons, almost all in Cornwall ; 
the average value is nearly «C4 per hundred weight. 

Copper. The copper mines of England arc chiefly in Corn- 
wall, and the quantity raised from them has been greatly 
increase! during the last filly years. Instead of 2000 
or 3000 tons, the former produce, the quantity raised at 
present is 12,000 tons, of which 'more than one half is 

VOL. vi. < 


exported. The increase in the produce of our copper Commerce 
mines has been owing less to discoveries ot me than to w v-— 
the successful application of steam-engines to cle;\n»«r 
the mines of water. Coal in Cornwall being brought 
from a distance, and consequently rather high-priced, 
it is necessary to study economy in its consumption ; in 
other words to raise the water by pumping with as 
small u quantity of fuel as possible. Successive im- 
provements have carried this economy of fuel to a great 
length; the shape of the boilers has been altered, and 
the air excluded with a degree of care unknown in Nor- 
thumberland and Staffordshire, where coals are abun- 
dant and cheap. The consequence of this, and of the 
reduced cost of labour and materials, is, that our copper 
mines are at present in a prosperous state, although 
their produce is sold considerably below its former price. 

The importance of our coal mines, great at all times, Coal, 
has increased surprisingly since the extension of our 
canals a*ul the application of steam to mechanical pur- 
poses. An eminent French writer, aware how much we 
owe to this precious mineral, calls coal c rite rive force en 
l ingots ; and a Writer of our own Country describes it 
as “ hoarded power applicable to almost any purpose 
which human labour directed by ingenuity can accom- 
plish.” The quantity of coal consumed in London has 
been increased from time to time with the population of 
the Metropolis. It was in 1700 about 350,000 chal- 
drons; in 1750 about 500,000; in 1800 about 900,000; 
and at present (1832) about 1,600,000. The consump - 
tion for the whole Kingdom appears to be uearly 
16,000,000 tons, including the large quantities used in 
manufactures, particularly in the making of iron, the 
smelting of copper and other metals. 

The coal trade has long been one of the chief nurseries 
of our seamen. The number of men and boys employed 
in the coal trade between the Northern sea-ports ami 
the Metropolis is about 15,000. 

The export of coal was formerly subjected to a heavy 
duty, viz. seventeen shillings and sixpence per chaldron : 
this is now reduced to three shillings and iburpence, . 
and safely may we increase our sales to foreigners, fur 
the coal fields of this Country are so extensive as to 
afford a supply which at the present rate of consump- 
tion, would probably last more than a thousand )oars. 

Nor is it likely that the amount consumed in England 
will increase in proportion to our population, since 
there are various methods of economizing coal, of which 
we need only mention one of very easy application, 
that of heating buildings by steam. 

The coal com eyed coastways, particularly to London, 
was long subject to a heavy duty, thus increasing 
greatly the cost of an article already enhanced by the 
charge of freight. This ill-judged and pernicious tax 
proved a drawback on the industry of all the Southern 
Counties : happily it is now repealed, as is an equally ob- 
jectionable tax on coal brought by canals from Stafford- 
shire and other inland Counties. 

Salt, which in all Countries is of great import mice Salt, 
for consumption, is in England valuable likewise as an* 
article of export. It is obtained chiefly in Cheshire in the 
neighbourhood ofNorthwich, where there are vast quanti- 
ties of rock salt in the mines, and of brine or salt-water in 
the springs. The rock salt when dug out is not sufficiently 
pure for use, buc when mixed with the brine from the 
springs and refined in large iron pans, it is called white 
salt, and forms a great object of export from Lixerpooi 
to the United States of America. During the late wars 
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Commerce, with France salt was subjected to a very high duty ; 

this was repealed in the year 1823, and although nil 
the advantages anticipated from the repeal have not yet 
been realized, there seems little doubt that the Public 
will gain more by the unrestricted use of so valuuble a 
commodity than by the produce of the tax, large as it 
was. 

In the South of France, and in other wnrm Countries, 
salt is obtained by evaporating sea-water by the heat of 
the sun : the crystals of salt made in that way are accounted 
purer than the salt of the mines, in consequence of the 
comparative slowness of the process. A small quuntity 
(8000 or 9000 tons) of sea-salt thus prepared is im- 
ported annually from Portugal into England. The 
quantity of English salt consumed in this Country is 
computed at lot), 000 tons annually ; but the quantity 
sent abroad is considerably greater. The chief foreigu 
markets are the United States of America, Uritish 
North America. Russia, Prussia, and the Netherlands. 
In each of these Countries it is less expensive to pay the 
freight of suit on vessels coming from Liverpool, than 
to pay the land carriage of salt from their own mines, 
or to evaporate it from sea-water at their respective 
ports ; particularly in the Baltic, where the proportion of 
salt in sea-water is much less than in the Ocean. 

The Shipping of England. 

Its pro- The mercantile shipping of England was quite in- 

gri-ssive in- significant until the tune of Henry VII.; it increased 
crtM&e. progressively during the reigns of thaL Prince and his 
successors of the Tudor and Stuart race, vet so slowly 
that at the Restoration, iu lGtitl, it hardly amounted to 
1 00,000 tons. In the period between 1600 and 16S9 
the increase was rapid, because our Navigation Laws had 
conic into full operation, and during several vears (from 
* ~ 167*1 to 1679) our Hag had all the benefit of neutra- 
lity, the Dutch, who were then the great monopolists of 
shipping business, being involved in war with France. 
In our subsequent contest with the latter Power (from 
1689 to 1697) our mercantile tonnage was necessarily 
lessened, but during the ensuing iqterval of Peace it 
recovered, and was found in 1702 to amount to 270,000 
tons, manned by 27,000 seamen. In the present Age 
of extended navigation it is curious to observe the 
blender returns made on that occasion from our principal 
sea -ports • 



Vessels. 

Seamen. 

London 

• . . 560 . 

. . . 10,000 

Bristol 

.. . 165 

. . . 2,400 

Hull 

. 115 . 

... 1,200 

Liverpool . . . 

... 102 . 

... 1,100 

Exeter 

... . 120 . 

. .. 1,000 

Yarmouth . . . 

... 143 . 

700 


The following Table exhibits the remarkable increase oi 
our shipping during last Century. 

British Shipping after 1702. Tonnage of the Vessels 
cleared outwards in various years. 


Year*. Tonnage. 

1709 244.000 

1715 421,000 

1728 433,000 

1738 476,000 

1750 610,000 

1765 726,000 


Years. Tonnage. Commerce. 

1774 900,000 

1785 1,075,000 

17S9 1,515,000 

1802 1,627,000 


As \vc draw nearer to the present time the returns of 
our mercantile navy are more complete. 

British Shipping engaged in Foreign Trade ( distinct 
from the Coasting Trade . ,) which entered inwards iu 
the following Years. 


Years. Tonna^t' 1 . .Seamen. 

1 S 20 1 , 668,000 100,000 

18-24 1,797,000 109.000 


1628 2,094,000 119,000 

. 18-29 2,184,000 122,000 

1880 .• 2,180,000 1-22 000 

Tonnage, of the Merchant Vessels belonging to our prin- 
cipal Seaports in 1 829. 


Tonnage. 

London 573,000 

Newcastle 202,009 

Liverpool 162,000 

Sunderland frOH.OOO 

Whitehaven 73,*»90 

HnH 72,<KK) 

Bristol 50,000 

Aberdeen 46,000 

Yarmouth 41.000 

Wirt by 42,000 

41,000 

Greenock 36,000 

Dundee 32,000 

Scarborough 2^.000 

Leith ..." 26.000 

Plymouth 25.000 

Belfast 25.000 

Dublin 21.000 

Dartmouth 21. (too 

Grangemouth (Scotland). 24,000 

Beau mans 22,000 

Cork ‘ J 7,000 

AH the lesser Ports 504,000 

Total of the United Kingdom. . 2,2o(),0o0 
British plantations. . 317,000 

Seamen belonging to the niercan- • 
tile shipping of Great Britain 

and Ireland iu 1829 134,500 

Seamen belonging to the British 

Plantations 20,000 


No part of the mercantile community has suffered IVclinc in 
more severely since the Peace than the shipping in- the value nf 
(crest, and in no branch of our industry is the coinpeli- ‘hipping, 
tion of foreigners more to be dreaded than in ship- 
building. The coRt of provisions being so much less 
abroad, the wages of shipwrights are comparatively low, 
while in some quarters, particularly iu the ports of 
Norway and the Baltic, timber is much cheaper. Ship- 
building, its England, has consequently diminished ; 
from 100,000 to 1 50,000 tons is, the measurement now 
annually constructed ; and that chiefly owing to our 
Navigation Laws, which, notwithstanding the relaxation 
of late years, require that British built vessels should 
still be exclusively employed in several important 
branches. This applies as well to the home trade as to 
the trade with our colonies, India, and China. 
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Commerce. Out merchant vessels were formerly built in a great 
measure at Blackwall, Woolwich, and other yards on 
Forts for the Thames ; hence the name of “ river built but the 
lower wages of the Northern ports have long since at- 
tracted the chief part of this business to 
Hull, Whitby, 

Newcastle, Scarlxirough, 

Sunderland, Whitehaven. 

* The vicinity of the New Forest to Southampton and 
of the Forest of Deau to Chepstow, led during the late 
War to establishments for ship-building at those ports, but 
they have as yet been attended with little advantage to the 
speculators. Nor does it seem likely that, in any part of 
the Kingdom, the distress of the ship builders will be 
effectually relieved until the duty on Baltic timber shall 
be repealed or materially reduced., When a measure of 
that kind shall be adopted, the intelligence of our work- 
men, their better tools, and the greater capital of their 
employers, may enable us to maintain a competition 
with the ship-builders of the Baltic and the United States 
of America. 

The mercantile shipping employed in our trade with 
Canada and our other North American 

Colonies arAouiits to 400,000 tons. 

With our West India Colonies. . . . 220,000 

With the East Indies 100,000 

With China 20,000 

The number of vessels, generally small, employed in 
our coasting trade, and- in our intercourse with Ireland 
is about 3000; of which the half in tonnage, if not in 
number, belong to the coal trade. 

The fish It has oflen been mutter of surprise, that with such 
eru‘9. abundance of fish on our coasts, and such liberal en- 
couragement from Government, our fisheries should 
not have attained a greater extension. The value of all 
the fish caught on our coasts and in our rivers does 
not exceed £l t 500,000, not one-tenth part of the 
price of the butcher’s meat annually consumed in 
England. This is to be ascribed, partly to the fre- 
quency and long duration of our Wars, partly to the 
inefficacy of systems of bounty in almost any form. 
Something also is to lie attributed to the sale of fish 
in London having until lately been confined to one 
market. The removal of that abuse, joined to the ad- 
ditional capital and number of hands now employed in 
the fishery, wi!^ greatly increase the quantity of fish 
brought to the Metropolis and the inland towns. Acce- 
lerated conveyance by steam-boats and steam-carriages 
will operate to the same result. At times when, as 
in the year 1812, bread and butcher’s meat were high- 
priced, the experiments made in forwarding fish to inland 
districts were highly encouraging; lurge quantities, 
slightly corned, having been sent from the coast to the 
interior at a charge almost too inconsiderable to be 
named. 

The Newfoundland ‘ fishery has long been conducted 
* on an extensive scale, and employs about 6000 seamen. 
But- the herring fishery on our coasts has been the chief 
object of bounty on the part of Government, for the 
double purpose of enabling our Countrymen to compete 
with the Dutch, and to render the fishery, a nursery for 
seamen. Many years ago a bounty was given on the 
busses or vessels employed in this fishery : subsequently, 
in 1808, the bounty was extended, and was paid portly 
on the tonnage employed, partly on the quantity of fish 
caught and cured. After the general Peace ofl8l5, the 
form of the bounty was further altered, and was awarded 
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solely in proportion to the quantity caught or late 
years, however, the rule of withdrawing Ml i«l 
encouragement has been applied to tliis'branch «>f < n , r 
industry ; the bounty has totally ceased since lt-3o, ttll( | 
it is considered that in this, as in the case of silk/ the 
capital and labour employed will now he letter rewarded 
than when the bounty was in operation. Men engaged* 
in other employments, who used to go to sea during a tew 
months in Summer for the sake of the bounty, are now 
withdrawing and leaving the business to fishermen, who 
make it their regular and almost constant occupation. 
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Summary of our Imports and Exports. 

The chief articles of import from other Countries into Ourim- 
England are the following. ports dirfin. 

From Ireland; linens, oats, wheat, cattle, pigs, salted K'u*he*l by 
provisions and butter, the whole forming an amount of 
1*6,000,000 or 17,000,000 annually. tries.* 

From the Baltic, viz. Russia, Poland, Prussia, Sweden; 
timber, pitch, tallow, iron, wheat, hemp, flux, pot-ash. 

From Holland ; oats, wheat, seeds, cheese, butter, 
also giu. 

From France ; wine, brandy, silk, lace. 

From Germany; coni, wool, fhix, linen, also limber 
and Rhenish wine. 

From Spain and Portugal; wine, brandy, oil, fruit. 

From Italy and the Levant ; silk, oil, fruit, aud drugs. 

From Egypt ; cotton. 

From the l nited States of America; cotton, tobacco, 
rice, and flour. 

From South America ; cotton, hide.*, indigo, cochineal. 

From the West Indies; sugar, rum, coffee, cotton, 
pimento. 

From the East Indies; indigo, silk, cotton, sugar, 
spiceries, and occasionally rice. 

From China; tea, silk, nankeens, tin. „ 

From Canada, Nova Scotia, New Brunswick, New- 
foundland ; furs* skins, timber, fish, ami seal-skins. 

Such arc our principal articles of import. Our exports E X p 0 rfs. 
consist of cottons and hardware to almost all the Coun- 
tries mentioned above; of woollens, linens, earthenware, 
to most of these Countries : and to a smaller number, of 
refined sugar, coffee, indigo, glass, machinery, coals, 
fish, to which are to be added articles of a very different 
nature, vtz. silk, stationery, hats ; all, or almost all, 
being manufactures, while our imports are generally of 
raw produce- 

Next, as to the amount in money of our imports and 
exports. 


Vahia of our annual Imports from and Exports to 
Foreign Countries ; being an average <f several years, 
but having reference more . i particularly to the year 
1829. 


Imports from 

Russia .£4,000,000 

Sweden and Norway. 250,000 

Denmark . 480,000 

Prussia 1 ,300,000 

Germany . 2.000,000 

Netherlands 2,000,000 

France 2,000,000 

Portugal and Madeira 400,000 

Spain 1,000,000 

Italy 800,000 


Turkey and Greece.: . 500,000 

a 2 


Export* to 
<£3,000,000 
300.000 
250.000 
SOO.OOU 
10,000,001) 
5 , 000,000 
1 , 000.000 
2,000.000 
3,000.000 

-1 .ooo.ooo 
1,500,000 
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Egypt 

Cape of Good Hope. . 
West Coast of Africa . 

Mauritius 

New South Wales. . . 
British North America 

West Indies 

United States of Ame-' 

rica 

Mexico and Columbia t 1 
(exclusive of silver) 

Buenos Ayres 

'Brazil 


Imports from 
£ 250,000 
250,000 

250.000 

500.000 
120.000 
900,000 

S, 000, 000 

16 , 000,000 


250.000 

500.000 
1,500,000 


Kvporfs to 

£130.000 

350.000 

500.000 

300.000 
300,000 

* 2 . 000,000 

5 , 000,000 

0,000,000 

1 , 000,000 

1,300,000 

4,000,000 


With some Countries, such as the United States of 
America, the amount in money of our imports and ex- 
ports is nearly equal : with others, such as Germany, 
Spain, and France, the difference is great; to a degree, 
indeed, which makes it at first difficult to understand 
in w hat manner the balances are liquidated. The means 
of doing so are partly by the transmission of specie, but 
more by bills of exchange drawn by the merchants of 
one Country on those of another, for example, from 
Brazil on Portugal. These, when remitted to London, 
form a fund for paying to our merchants a part of the 
balances annually due to them by Brazil. The bourses , 
or mercantile exchanges of London, Amsterdam, Paris, 
Hamburgh, and, in a lesser degree, those of Lisbon, 
Cadiz, Fraukfort, are the central points for such nego- 
tiations for the sale and purchase of the bills, by means 
of which the debts of one nation to another are liqui- 
dated with comparatively little transfer of coin or bul- 
lion. This arrangement may be -compared to the manner 
in which the London bankers discharge their daily ba- 
lances with each other by an exchange of cheques, with- 
out requiring any large sum in Bank notes. So far do 
the bankers carry this economy of money, that balances 
amounting to £4,000,000 may lie, and generally are 
liquidated without using more than £*200,000 in notes. 

It is fit to add that the mode of valuing the imports 
in the preceding Table is different from that of valuing 
the exports. The latter are estimated at the market 
price, agreeably to the sums declared by the exporting 
merchants ; the former by an official scale established so 
long since as 1696, when the prices of most of the articles 
we import were lower than at present. Were our 
imports rated at the current or market price, the sums 
would be considerably larger, and there would conse- 
quently be a greater approach to equality in the value of 
our imports and exports. We subjoin a Tabic of the 


Value of our Exports classed , not by the Countries to 
which they are sent , but by the respective articles . 


Cotton cloth £13,000,000 

Cotton yarn 2,000,000 

Woollens 5,000,000 

Linen (chiefly Irish) 2,000,000 

Iron and steel 1,300,000 

Hardware and cutlery 1,400,000 

Brass and copper articles 700,000 

Lead and shot 160,000 

Tin, wrought and tin wrought 350,000 

Machinery and mill work .... 300,000 

Silks 400,000 

Haberdashery and millinery . 500,000 

Earthenware 500,000 

Glass . 500,000 


Leather, viz. shoes, saddlery, har- 
ness 

Sugar, chiefly refined 

Soap and candles 

llats 

Salt 

Beef and pork salted 


Fish 

Coals 

Beer and ale 

All lesser articles, whether of produce! 
or manufacture t • . . . ) 


£350,000 

2 , 000,000 

270,000 

200,000 

300.000 

150.000 

300.000 

400.000 

300.000 

5,000,000 
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The above is the value as declared by the shipping 
merchants, and applies to the years 1830 and 1631. 

The preceding statements may receive some illustru- Trade of 
tion by a comparison ^)f the trade of this Country with Lnglaml 
that of our Transatlantic brethren. While the imports 
into England consist chiefly of raw produce, or the iua- ,>f the 
lerials of manufacture, such as cotton, wool, timber, and United 
our exports are almost wholly ot manufactures, — in the States »f 
United Slates, the reverse holds in both respects. There, Amcnc4, 
the imjiorts consist of manufactured goods, the exports of 
raw produce. The' causes in either c^se are obvious; 

England has an abundant population with a limited 
territory ; while iu America, the population is still thinly 
spread, and the territorial surface is almost boundless. 

It has been the practice of almost every Government 
in Europe to study an indiscriminate extension of manu- 
factures without much attention to the limitations ren- 
dered proper by the nature of their respective territories; 
hence the endless prohibitions and high duties on 
foreign articles under the incrtyintile system. To that 
system a number of our merchants and some of our 
public men are still attached, ami the Americans, much 
as they have professed to admire freedom in trade, have 
given an unfortunate proof of the contrary by the Tariff The Tariff 
enacted in 18*28, which burdens all foreign manufactures 
with heavy duties. By what means was an act so con- 
trary to the general rules of the American Government 
passed into a law? By the influence of the manufac- 
turers ; for the TarifF is an attempt to confine to that in- 
terest the supply of manufactures of almost every kind 
consumed in the States ; in particular cottons aud wool- 
lens. This TarifF has ulready been the source of much 
division between the different States of the Union ; it 
has of late been somewhat modified, brtt cannot fail, if 
persisted in, to lead to very serious discontents. The 
extent of evil arising from it has not yet been fully de- 
veloped, but it will, we may be assured, be as great as 
that which this Country lias so long suffered from the 
imprudent interference of Government in former Ages 
with the natural course of trade. 

The chief obstacles to manufacturing industry in Manufue- 
America are the high price of labour, the want of good un- 
rolls, and the remoteness of the towns from each other. J'ntydtotha 
Ages must pass before these drawbacks can be removed, 
and at present it would evidently be more advisable to * "* 
direct the surplus capital and lubour ol the Country to 
the culture of the soil. The chief products of the United 
States, wheat, cotton, tobacco, rice, have nil, it is true, 
fallen greatly in price since the Peace ; yet that ought 
not to discourage the cultivation of ai tide's for which the 
market is 60 extensive, embracing, os it does, Die West 
Indies, South America, England, and several Countries 
in Europe. 

The situation of England in respect to manufactures 
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Commerce, is quite different from that of the United States ; wc 
possess remarkable advantages in 

1. The cheapness of fuel, and the consequent facility 
y ' ^ a* a mantf a PPtyi n £ steam to machinery. 

' faeturing " 2 . Ill case of communication, whether by sea, by 

Country. canals, or by roads. 

3. In the cheapness of iron, and a decided superiority 
in all machinery and tools made of iron. 

• These are physical advantages ; but to them we may add 
others of a different kind almost equally important, viz. 

The lower rate of interest consequent oil the magni- 
tude of our disposable* capital ; and 

The division and subdivision of employment, parti- 
cularly since the population of our towns has received 
so great an increase in the present Age. v 

Ourdisad- On the other hand, we are subject to several draw- 

vantages. backs ; they arc ns follows : 

1. The price of provisions, which, though greatly 
reduced, are still from 10 to 15 per cent, above the rate 
of our foreign rivals. 

2 . The pressure of taxation, or rnther of particular 
taxes, such as that on timber, which cramps our inter- 
course with the Baltic, and that on sugar, the amount 
of which is so ^rreat us almost to ruin our West India 
planters. 

3. In high charges resulting from the War and a de- 
preciated currency. In the case of articles sold in open 
market, such ns corn and manufactures, the war charges 
have fallen long since; but they still exist in an oppres- 
sive form in other cuses, such as the rent of land let on 
lease, in the rent of houses, in professional fee s, and in 
various other demands, in which our laws and usages are 
such as hardly to allow of a direct or speedy reduction. 

Computed After these ample details of our commercial industry, 
profit from it would be desirable to convey an estimate of the annual 
fact ore Band P ro ^ 1 attendant on undertakings so vast. No attempt 
trade. was ma *te to calculate such profit until the imposition 
of the Property-tax in the beginning of this century, 
when, among the. other returns to the treasury, there 
appeared one of the collective income of our merchants 
and manufacturers. Mr. Pitt forming, os persons not 
engaged in trade urc generally inclined to do, a high 
estimate of its profits, had computed the probable amount 
of mercantile income in Great Britain at forty millions 
annually ; but the returns made under the Act proved 
considerably le%s, having in no year exceeded thirty mil- 
lions. There were, no doubt, many cases in which 
mercantile men declared less than their real income ; 
but, on the other hand, there were not wanting examples 
of their continuing to return the usual amount of income 
in years in which they had sustained heavy losses 5 their 
apprehension being that a diminished return might affect 
their credit. 

What, it may be asked, is the probable amount of the 
income of our merchants and manufacturers at present, 
compared to its amount during the War? The number of 
persons employed in Commerce is, doubtless, far greater 
at present, but there is, and has long been, it general 
complaint of insufficient profit, even in the branches which 
have received the greatest extension, such a$ cotton and 
hardware. The causes of this ore sufficiently dear; 
during the Wnr,the keenness of competition was greatly 
lessened by the demands of Government ; the public 
service attracted annually many thousands of our popu- 
lation and many millions of our capital ; hence a conti- 
nued rise in prices as well as in the wages and incomes 
of all ranks. But since the Peace, capital, intelligence, 


labour, have all returned to their naturul channels and Commciee, 
been directed to the increase of product*. This, 
added to the changes in the currency, has caused a 
great and general fall in prices, wages, and incomes ; 
and although the number of persons employed in this 
Country in trade and manufactures is greater by fully 
30 or 40 per cent, than it was twenty years ago, it is 
very questionable whether the income of this augmented 
number, if returned in money, would be at all equal to 
that of the same classes during the War. We say, M if 
returned in money,” because there can be little doubt 
that in* the power of purchasing goods, the present 
income of our merchants and manufacturers is consi- 
derably greater than during the War in consequence of 
the comparative cheapness of commodities. 

This leads to the consideration of the greatest of all Fluchia- 
the changes that have taken place in the state of Coin- buna in the 
mercc during the present Age — the change in the value currCDC l* 
of gold and silver. During twenty years (from 1793 to 
1813) prices were progressively on the rise, and during 
a period nearly as long, they have been, with very few 
intervals, on the decline. Many persons ascribe this 
decline to the reduced supply of gold and silver, the mines 
of America, formerly so productive, having, during the last 
twenty years, yielded less than half their usual amount. 

Whatever be the cause, the extent of loss from de- 
clining prices is enormous; nor can any one say with 
confidence how the evil is to end. The deficiency in 
the produce of the American mines continues year 
after year, and the present management of them, whe- 
ther by the native owners or the English Companies, 
is much less successful than that which was followed in 
the time of the Spanish Government. We have seen in 
a preceding part of this Essay (p. 90, 91.) how greatly 
the influx of gold and silver from America extended the 
trade of Europe in the With and XVIIth Centuries; — * 
and it is a matter of the greatest interest to ascertain 
how far it may be possible to lessen the pressure at 
present so severely felt from their diminished supply. To 
urrive at a decided opinion on this subject, it is requisite 
to go back to an early period in the production of the 
precious metals, & subject closely connected with the 
History of Commerce, and on which considerable light 
has been thrown by a late publication of Mr. Jacob, of 
the Board of Trade, already known to the Public by his 
Reports on the Agriculture of Germany and Poland. 

Mr. Jacob’s book discovers extensive research, and ex- 
hibits in connection a great deal of information which 
hud previously existed in a very scattered state. 

The Precious Metals ; Historical Sketch of their Produc- 
tion , and of their Influence on Commerce . 

Gold and silver appear to have been in estimation at 
an early period in every Country of which we possess 
records. This was a natural consequence of the beauty 
and durability of these metals: vdlued at first as orna- 
ments, their use as a circulating medium began subse- 
quently, and for many years after it did begin, they were Circulated 
paid and received by weight, and not in the form of coin, at firht ly 
for coin requires an established Government, as well as WCI £ l 
an improved state of Society. Abraham, the earliest 
Patriarch of whom wc have a circumstantial history, and 
who lived about nineteen centuries before the Christian 
Era, is described in Scripture os rich in those metals, and 
as paying for his purchases in silver, not in coin but by 
weight, “ according to the currency of the merchant. 

Gold was too scarce and too valuable to form the orcu* 
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civilized. 


Comiui-rcc. lating medium of that early Age : it was used almost 
wholly for ornament, like sapphires, pearls, rubies, 
nrnl other jewels. In this manner it was applied by 
King Solomon in building the Temple at Jerusalem and 
the Royal Palace. “ lie overlaid,” wc are told in Scrip- 
ture, 11 the oracle with gold; also the whole altar that 
was by the oracle, he overlaid with gold.’ 1 We have 
already noticed (page 79.) the extension of the trade of 
Jmltea at that epoch. The quantity of gold brought into 
the Royal cotters in the reign of Solomon appears to have 
been between .£200,000 and £’300,000 sterling a year ; 
that of the silver brought in is not distinctly stated. At 
that time the only wealthy Countries were Assyria, 
Egypt, and Jiuhva, for (ireece was then only in a primi- 
tive Mage of civilization. 

The early Annals of the Jews are of great interest tu 
the student of Ancient History, as furnishing information 
not only of themselves, but of the Egyptians and Plur- 
nicians, long before it could have been obtained from 
any other quarter. The earliest dale of written records 
in Greece was later by five centuries than the time of 
Moses, and the promulgation of his laws in a written 
form. It appears from this ami other fhrts in History, 
™ rl y that the use of letters was known in Egypt much earlier 
than in Greece, for it was chiefly to the fortunate ciicuin- 
stauce of Moses "being educated at the Court of Pharaoh 
that he owed his superior attainments. “ He was 
skilled,” says the Scripture, 11 in all the learning of the 
Egyptian*. 1 ’ The mines in Nubia and other parts, 
wrought for account of the Egyptian Government, had 
been so far productive as to replenish the public treasury, 
and afford to the industrious and prudent the means of 
lading up property in the portable form of gold and 
silver. By this the Israelites had profited ; for it is ap- 
parent from Scripture, that on tearing Egypt, they 
carried with them a considerable stock of the precious 
metals. The additions made to this stock in their sub- 
sequent wars were generally lodged in the public trea- 
sury, and protected by the solemn sanction of Religion : 
all was kept in the Tabernacle under the title of “Trea- 
sure of Jehovah." It follows that the metallic weulth 
existing in so considerable an amount under Solomon, 
was the accumulation of successive Ages, and its extent 
is thus iu no way incoasistent with his limited territory, 
or the still more limited property of his subjects. That 
politic Monarch married a daughter of the King of 
Egypt, and maintained a close alliance with Tyre, which 
was then at a high point of prosperity. There were 
happily no national jealousies to interfere with the cor- 
diality of the two Countries : the. Jews, amidst all their 
offensive wars, had had none with the Phoenicians, whose 
territory was fortunately at some distance from J tidiest. 

After the reign of Solomon, there took place, as is well 
known, great disorders in the Jewish Government, but 
amidst all these, the public treasure, or a considerable 
part of it, appears to have been preserved, and to have 
been removed to Babylon after the conquest of Ju<lu?;i 
by Nebuchadnezzar. In Babylon this and much other 
treasure, conveyed thither from conquered Provinces, fell 
into the hands of the Persians on the conquest of the 
Empire by Cyrus. His successor Ca mbytes added to it 
an ample store from the treasury of Egvpt. Persia 
was now the principal Empire in the World, ami its 
yearly revenue is understood to have amounted to three 
or four millions sterling. By this is meant the clear 
‘.urn forwarded by the Satraps, or Provincial Governors 
to the Royal exchequer, after defraying all local charges. 


The public 
tieasury iu 
Jerusalem. 


Hie Trea- 
sury of 
Persia. 


But of this large amount, very little was put into the Commerce, 
form of coin. “The gold and silver,* 1 says Herodotus, 

44 were melted and poured into earthen vessels, and these, 
when tilled, were removed, leaving the metal in a solid 
mass. When wanted for payments, a piece was broken 
off of the amount required for the occasion, and issued 
in the shape of coin.” The gold coins of that Age are 
the earliest of any specimens known to exist: they were f 

called, after the reigning Monarch, Darics, and were worth, 
each about twenty-five shillings of our present money. 

The treasury of Athens could not, of course, enter Of Athena, 
at all into comparison with that* of the Monurchs of 
Persia. It received from the petty Islands of the 
Archipelago, ami other tributaries, a yearly revenue of 
.£140,000 sterling, and the sum accumulated at Athens 
before the Peloponnesian war, was equal to about 
XT .200.000 sterling. That sum, so much greater than 
the contents of any other treasury iu Greece, was one 
main cause of Alliens being enabled, notwithstanding 
her heavy losses, to make head against Sparta and her 
confederates during nearly thirty years. 

About a century after the hrilliaut era of Athens, the 
course of events led the Macedonian armies into the 
heart of Persia, and delivered the Royal treasures at 
Persepolis, Kcbataiiu, and other great cities into the 
possession of Alexander. The amount of the whole is 
said to have been nearly £. 10,000,000 sterling, a miui tar 
greater than had as yet been collected in any other Count rv , 
but not improbable when we consider that it coutiuued to 
lx? the practice of the Persian Government not to com and 
circulate their gold and silver, but to keep them stored. 

Passing in tire next place to Italy and the Itomans, Gf Rome, 
we find that the extension of their dominion had the 
natural effect of bringing large amounts iu gold and 
silver to the Capital from the Countries successively con- 
quered. These came first into the hands of the military 
commanders and of the (/ml governors of Provinces. 

The use of coined gold and silver had not even then lie- 
come general, so that a considerable .turn* elapsed ere 
these treasures were circulated among the Public, they 
remained a long time in the coffers of the State. 

YVe ure next to advert to the means of obtaining re- Mining for 
gular supplies of silver and other metals; to the Art ol kdverand 
mining. That Art could not, it is evident, have been 
carried on iu ancient times in a manner at all similar to mela s * 
the systematic and refined form which now hears in 
Germany and England. A rude Tribe could begin only 
by working the ore found near the surface: when that 
was consumed, the working was necessarily earned on 
under ground ; a tusk of great difficulty, deficient ns 
they were in those Ages in tools and machinery. Egypt 
appears to have taken a lead in mining as in other useful 
Arts. The mines w rough t for account of its Government 
were situated at a great distance, being iu Nubia about * n Nubia, 
latitude 22° North, distant nearly a fortnight’s journey 
bom Assuan, the ancient Syene. The rude mode of 
mining practised there appears to have home a consider- * 
able rescmblunce to that which is still followed in 
Spanish America ; the ores were brought to the surface* 
not as in tlu> Country in baskets drawn or hoisted up a 
shall, but on Use backs of workmen, a practice still com- 
mon iu Mexico and Peru* Again the ore, when grouud 
to a powder, was thrown into a gentle current of water* 
in which the metallic or heavy particles sank to ilia 
!>ottorn, and the lighter or earthy were caiTjjKi away by 
the stream. A supply of mining labourers was kept up 
somewhat on die plan adopted by the Russians in 
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Siberia; by sending thither captives taken in war, 
convicts, and all political delinquents, with their families. 
The produce of these and other mines wrought fur the 
Government of Egypt greatly exceeded that of any 
other mines in ancient times. 

Such was in early Ages the mode of obtaining silver 
as well as copper and iron : gold, on the other hand, was 
procured by u more uncertain, but less labor bus process; 
by washihg the sand brought down by streams from 
mountain districts. This practice prevailed in various 
parts of the ancient World ; in the Eastern Provinces of 
Persia; in that part Of India (the North-West) which 
was subject to the Persians ; and even in the remote 
region of Abyssinia, great part of which being moun- 
tainous, has streams which supply the materials o(such 
a traffic. The Abyssinians appear to have conveyed their 
gold-dust by the lied Sea to Egypt and Phoenicia, thus 
furnishing to Thebes in Upper Egypt au additional 
source of wealth. 

The Greeks acquired the Art of mining from the 
Phoenicians, and carried it on first in the If lands, such 
as (Vote, Thnsus, Euhcca ; afterwards on the mainland, 
particularly in Attica. The work was performed by 
slaves, who belonged to the proprietors of the mi lies, ami 
were hired by the adventurers or lessees of the mines at 
a lived rate. The latter supplied them with provisions 
aud clothing, and added, at the end of the month, a 
small payment in money, equal, in power of purchase, 
to about thirty shillings of our currency, lu the moun- 
tainous parts of Thrace there were silver mines which 
had been wrought for Ages, hut which foiling into the 
hands of Philip of Maeedon, were rendered far more pro- 
ductive under his politic management, and yielded him 
a portion of the treasures which he employed with such 
fatal effect against the independence of Greece. 

Turning from Greece to Italy, we find the first ac- 
counts of mining relate to Etruria, into which the 
useful Arts had been early introduced from (i recce, by 
a colony from Corinth. The Etrurians obtained from 
their mines, first copper, afterwards iron. The copper 
required by the Homans for coin in the days of their re- 
publican simplicity was during several centuries drawn 
from Etruria. Gold was obtained in small quantities 
in two parts of the North ot Italy : in the North-West, 
in the Province of Aosta, by washing the sands of the 
Po ; ami in tl#? North-Ewsl of Italy, in the country 
round Aquilcin, ns well us in certain parts of Illyria. 

Spain being one of the most mountainous Countries 
in Europe, and visited at an early epoch by the 
Phamiemns and Carthaginians, it was to be expected 
that its metallic treasures would be turned to account. 
Gades, or Cadiz, was one of the earliest settlements of 
the Phoenicians ; Seville, Malaga, Cnrthagena, followed 
some time after ; and in a few generations a number of 
ftmallcr towns were formed by settlers from the East, for 
the natives of Spain were quite in a state of barbarism. 
The population being, moreover, very thinly spread, it 
became necessary for the working of the mines to bring 
over labourers from Africa. The mines first wrought top 
Phoenician account were probably situated along the base 
of the Sierra Morima, near the Guudnlquiver, by which 
their produce would be conveyed first to Seville, after- 
wards to the sea. In that quarter (at Gu&d&l cunal. in 
the Province of Cordova) was the silver mine of Bebulo, 
from which Hannibal is said to have stored his military 
chest Iwfore crossing the Alps, and striking such disas- 
trous blows at the power of Rome. 


The Romans possessed no silver mines until the pro- Comrocrea. 
press of their arms, in the first and second wins with S— 

Curt huge, led to their occupying the mines of their ad- Mining 
versaries in Sardinia, Sicily, and the South of Spain. • m, k‘ r tl,e 
They soon after obtained possession of the mines of Romuns - 
Maeedon, and at a subsequent date of those of Persia 
and Nubia. In ancient times nine-tenths of the manual 
labour done was performed by slaves; or, to speak more 
correctly, tile lower orders employed in country work, 
in mining, or in almost any kind of labour, wore paid 
more by maintenance than by monev. The practice of 
paying the labourer in money, and leaving it to him to 
provide for hi in -elf and family, was then but partially 
followed ; still less was it the rule to apportion the re- 
muneration of mining workmen according to the pro- 
duce of the ores they raised. The latter is the only 
effectual means of checking the expense of mining, ami 
as a Public Body is ill fitted to enforce the economy re- 
quisite in fresh undertakings the Roman Government 
allowed the mines of the State to be gradually aban- 
doned ; so that alter the \ tli Century therfc seems to 
have been, in a manner, un end to mining lor the public 
account. For account of individuals, mining was still Gold and 
carried on in certain parts, but we are now arrived at the silverware# 
Dark .^ges, when there is a failure of records of various 
kinds, aud of none more than of those relating to the tUc ^ s ' 
precious metals. One thing admits of little doubt, viz. 
that from the reduced supply of gold ami silver, there 
was a gradual reduction in the money prices of commo- 
dities in the latter Ages of the Empire ; that is, an ounce 
of silver or gold then went further in the purchase of 
commodities than in the flourishing tunes of Home — in 
the days of Augustus and of Trajan, 

The laws passed from time to time by the Anglo- 
Saxon Princes prescribe the prices of certain commodi- 
ties. Thus, those enacted about the year 1000 fixed the 
value of a horse at a price that would make 35s. of y 11 ^' m . 
present money, that of a marc or colt at 23s., of an n\ 
or cow at only 7*. Cattle were then of very diminutive Ago*s>. 
size, much inferior to those of later times; but the price 
prescribed for an i x or cow is so low as to be accounted 
tor only by the uncuitivaUd state ol the Country ; by 
tillage being limited to particular spots, while four-filths 
of the laud were forest or waste. Ilence animal iood 
was po cheap as to be ail object in the niaihet only after a 
bad season, when com was source and dear: at other 
times the value of the animal in England was little more 
thun the value of his hide, a* is the case at present in 
the wilds of Russia and of Buenos Ayres. 

The price of wheat also in England during the Middle Of wheat. 
Agfcs is deserving of u few' remarks. It is stated in 
several of our ancient records, but it did not form a fair 
criterion of “the value of gold and silver for two reasons : 
first, wheat in those days was less the food ol the hover, 
and eTeu of the middle classes, than rye or bailey; and, 
secondly, nt a time when there were few storehouses 
for corn, little disposable capital to invest in it, and 
wretched roads to take it to market, the plenty in one 
part of the Country could not be made to relieve the 
scarcity in another. Ilence the price of wheat differed 
greatly from year to year, and in separate districts. 

These facts are useful in estimating the value of silver 
in the Middle Age*. They tend to coiifiim the opinion 
of the late Arthur Young, that the average price of 
wheat in England during the XHIth. XlVili, :flid 
XVth Centuries was not below a fifth of In present 
price, or 10*. a quarter. Labour, in like manner, was 
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Commerce, paid in those days with silver and copper in very small 
sums ; but if to these we add the value of maintenance, 
which was almost always supplied to the labourer, wc 
find that his remuneration was not so trilling* as is com- 
monly thought Allowance also is to be made for the 
general inferiority of the workmen and of the articles 
sold in so rude an era, particularly manufactures, which 
with the exception of a few, such as woollens and 
leather, were nearly as dear as in subsequent periods of 
our History. The result seems to be that in the Xlllth, 
XIVth, and XVth Centuries in England, and as far as 
we know in Europe generally, the value of silver may 
be stated in the proportion of one to three, when com- 
pared with its present value : .f 100 in those days being 
equal, in the power of purchasing the various requisites 
of housekeeping, to .£300 at present, and not to more. 
ThcAme- We now come to a remarkable epoch in the produc- 
vicau mines. tion of the precious metals, the occupation of Mexico 
and Peru by the Spaniards. The supply of gold and 
silver obtained from the Western hemisphere during 
thirty years after its discovery, was wholly insignificant. 
Hispaniola, the only important Country then occupied 
by the Spaniards, was quite unimportant as a seat of 
mines. Hut in the year 1521, Cortez invaded Mexico, 
and occupied the Capital, together with most of the 
inhabited districts. After this event, the supply of 
silver from America to Europe increased to half a million 
sterling a year; an amount trifling according to our 
present ideas, but by no means so in an Age when so 
small a portion of the Public could aflord to use silver 
plate, and when, consequently, almost all the silver that 
was imported was added to t lie money in circulation. 
In the course of thirty years, the effect on prices in Eng- 
land, from this and other causes, was very remarkable. 
4 * My father/' said Bishop Latimer, when preaching in 
1548 before his young Sovereign Edward Vi., 44 my father 
rented forty years ago a farm at six pounds a year. He 
kept hospitality for his neighbours ; he gave alms to the 
poor; but he that now has the same farm pays fourteen 
pounds of yearly rent, and is consequently unable to do 
any thing for his Prince, his children, or tHe poor.” 
Other causes, doubtless, had a share in this rise of 
rent; but it is remarkable, that about the time this Dis- 
course was delivered, the discovery of the rich mine 
of Potosi in Peru took place, after which the import of 
silver from America to Europe proceeded in an augmented 
ratio ; at the rate, it is calculated, of (wo millions sterling 
a year. To this chiefly is attributed the rise of prices 
which continued during almost the whole of the long 
reign of Elizabeth, towards the close of which most or 
tides cost nearly twice as much os forty or fifty years 
before. 

Produce of The mines of Potosi yielded considerable produce 
the Amt-ri- during the early part of this Century, but fell off towards 
fwiTlToO * ls c ^ ose » new ,n * ,ies * however, were opened in Peru and 
to 1/00* hi the vast inland tract between that Country and La 
Plata. But the chief iucrcasc was in Mexico, and from 
the mines now held by London Companies, but which 
from ctuises, which shall be explained forthwith, have as 
yet proved unprofitable in their hands* 

From 1700 During the XVIIIth Century the produce of the Amer' 
to 1910. rican mines experienced a great increase, particularly in 
Mexico. Quicksilver had now become cheaper, and rude 
as was the method of extracting the silver from the ore, 
the abundance of the latter was such os to afford a large 
return. From Peru also the supply of silver was large, 
particularly from the mines of Pasco, the object of so un- 


fortunate a speculation by a Loudon Company in the year Commerce. 
1825. Adding to all these the gold obtained in Brazil, 
the result was that, during the XVIIIth Century, America 
yielded on an average precious metals to the amount of 
six or seven millions sterling a year. 

The insurrection of 1810 in Mexico wasrfollowed by a Reduced 
Civil war, by the destruction of part of the machinery produce 
employed on the mines, and some time after by the “ nce 
abandonment of a number of milling establishments. 

The effect of these disorders has been to reduce an 
annual produce of seven millions of silver to half that 
quantity ; and as the mines in Europe have merely kept 
up their very limited supply, the consequence has been 
a decrease in the amount of coin in circulation through- 
out l}ie civilized World of more than sixty millions ster- 
ling in the lust twenty years, or more than three millions 
on an average annually. 

This decrease has taken place as follows. The quan- Its effect on 
tity of gold anil silver required for plate, watches, and the circulate 
ornamental manufacture is very large ; probably not 
less than to the value of six millions sterling yearly. To 
tin’s is to be added a loss by the wear of coin, by ship- 
wreck, and other accidental causes to the amount of one 
million annually. To India, China, rifid other parts of 
the East, the annual transmission of silver from America 
and Europe, though less great than fortneily, still 
amounts to nearly two millions, making in all a demand 
on the mines of eight or nine millions each year. And 
as the average produce of the mines in the last twenty 
years has been only five millions, there has been ail an- 
nual deficiency of three or four millions sterling. 

But the actual deficiency has been considerably more, Aggravated 
for gold and silver have been required in large quantities *’>' , | u ' riJ ’ 
by several Countries, particularly England and Austria, 
to replace the paper-money that has been called in. At } c ucy. 
the gcnerul Peace of 1815, Austria had in circulation 
about a hundred millions sterling of Government paper; 
but as it was greatly depreciated, the Government con- 
sidered itself justified iu requiring it to be exchanged 
for paper payable in cash on demand, giving of the latter 
twenty florins, dr two pounds sterling, for every fifty 
florins, or five pounds of the former. This operation 
absorbed gold and silver to the amount probably of 
twenty millions sterling. In England the absorption of 
specie has been still greater; the necessity imposed on 
our Banks of paying in cash on demand, and ihe subse- 
quent replacing of the small notes by sovereigns, must 
have required the appropriation of specie (chiefly gold) 
to the amount of nearly twenty-five millions sterling. 

Add to these for the further sums required in the United 
States of America, iu Kusnia, aiul other pails of Europe, 
a computed amount of fifteen millions, and we shall 
have a total of sixty millions sterling in gold ami silver 
required to replace Bunk or Government paper. The 
deficiency in the supply from the mines being to the 
same amount, .the total difference between 1810 and the 
present time is no less than one hundred and twenty 
millions sterling ; that is if four hundred and twenty 
millions sterling formed the currency of the civilized 
World twenty years ago, that sum is now reduced to 
three hundred millions. 

So great a decrease would have been quite ruinous to 
trade, jiad not this Country and Europe happily con- 
tinued at peace ; there are now no demands for the mili- 
tary chests of armies, and not much for hoarding by 
timid individuals. Improved means of conveyance now 
transport gold and silver in a very few days from oue 
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'Commerce. Capital in Europe to another; from London to Paris ; 

from Paris to Vieiuia ; from Amsterdam to Hamburgh ; 
# from Hamburgh to Berlin. 1 By these means a given 

sum, such as £100,000 in gold, is made to perform cer- 
tain exchange operations which might have required 
twice or thrice the amount in time of War. And fbr- 
' tunatc it is for the interests of Commerce that it should be 


\ 

# English 
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so ; for the great and general increase of population, and 
the equally great increase of commodities requiring an 
augmented supply of money to circulate them, would 
otherwise have greatly aggravated the distress arising 
from the diminished stock of the precious metals. 

It was in 1824 that several Associations or Companies 
were formed in London to put the mining works again 
in a state of activity. They obtained leases of the prin- 
cipal mines, provided large Capitals, and sent ofit to 
Mexico agents, machinery, and mining woikmen. The 
efforts of these Companies have as yet been unsuccess- 
ful, owing chiefly to the following causes : 

1. The mines were dilapidated to a much greater 
degree than was expected, and required \cry expensive 


repairs. 

2. There, being no silver mines in England, the 
agents and workmen sent out were, anil still are, unac- 
quainted with the proper processes, particularly for 
separating the silver from the ore. They follow the rude 
practice of the Mexicans, with very little attention to the 
improved methods which have been in course of adop- 
tion in (icrmuny during the last thiity or forty years. 

3. Mining, like all undertakings of difliculty in 
Mexico, had been managed by natives of Spain, the 
Mexicans having neither the information nor the activity 
required lor such enterprises. But the Civil war having- 
ended in favour of the Mexicans, the Spaniards were 
obliged to leave the Country, which was thus deprived 
of their capital, and of what it could equally ill aiiurd, 
their intelligence ami habits of business. 

In the absence of Spaniards, the English arriving at 
the mines had recourse to the natives, who being igno- 
rant ot Mechanics Chemistry, and the principles of 
mining, proved most incompetent assistants. They had, 
in nine eases out of ten, no other object than to cause as 
much English capital as possible to circulate amongst 
them. Hence the alw)rption of the chief part of the 
funds of the Companies in a very few years. 

Pm r,pi*ct of ^uch have b^en the caused of the failure hitherto of 
r!io Mi'vi- the Mining Associations; but what, it may be asked, is 
the prospect for the future ? First, the mines of Mexico 
are very numerous, those that are exhausted bearing but 
a small proportion to those that continue productive. 
The ore is abundant but not rich: hence the necessity 
of employing many thousand workmen. In fact, the 
great extent to which mining has been carried in 
Mexico, compared to Peru and other Provinces of 
•Spanish America, has been owing to a very simple 
cause, the greater supply of labourers. In Peru the 
population is chiefly in valleys, while the mines are in 
mountains, the keen air of which is highly pernicious to 
the workmen from the plains; but in Mexico, a con- 
tinued table-laud, the temperature is nearly the same 
througnout. The labourers employed at the mines have 
consequently good health, and progressively increase 
their numbers, like til* miners in Cornwall and in 
Saxony. 

It thus appears that the arguments in favour of a 
prospective increased supply of silver, are , 

The abundance of ore in the mines ; 
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The increasing number of mining workmen ; Commerce.’ 

And, on the assumption of continued Pence, a further - i— t — ■ ' 
supply of capital from England to woik the mines. 

On the other side of the question are : 

The ii nacquain lance of our miners with silver ore • 

The general ignorance of the Mexicans , and 
The very slow progress of the Companies in correct- 
ing the defects of their present system. 

It is well known that in any Country, Joint Stock 
Companies succeed only when the agency of their ser- 
vants is confined to a few plain objects, and when all 
that admits of being delegated, is transferred to indivi- 
duals acting on tlieir own account. Thus at most of 
the mines in Europe the practice is to sell the ores as 
poon as they are raised to the surface, leaving to indivi- 
duals the nice and difficult task of reducing the ores, or 
separating the silver from the drosF. Brtt in Mexico 
that practice is by no means gem ral ; several of the 
mining districts are as yet too poor and too thinly peopled 
to supply persons qualified to reduce the ores; and there 
are considerable difficulties in bringing such persons 
from Europe and settling them ut the mines. 

It is thus almost impossible to calculate with con- 
fidence the future produce of the Mexican mines, but a 
large increase is certainly not to be expected at present. 

And it' is a Historical fact of great importance, that at no 
period during the last two hundred years lias the supply 
of silver from America had much cflict in raising prices 
in Europe? it has done little more than keep them at tl,«i 
scale they attained in the XVIth Century. Although 
the influx of silver was regularly on the increase, the 
consumption of it extended in nearly an equal propor- 
tion. The causes are, that of the silver raised annually 
from mines, only a third part is converted into coin, 
while two -thirds arc used for plate, and other purposes 
of ornament. The demand for silver thus increases 
with the population and wealth of the civilized World; 
these have advanced continually during the last two cen- 
turies, mid at no period has there been a greater prospect 
of their further increase than at present. 

It follows, therefore, that an augmented supply of 
silver would be readily absorbed by the demands of the 
civilized World ; and that there is at present no prospect 
of any such increase as would cause a rise in the price of 
commodities. 


Commercial Prospects of England. 


While few departments of industry have been fol- 
lowed in practice to so great an extent as Commerce, 
hardly any has been less an object of study in 
regard to its principles. The habits of merchants arc 
strictly practical, and when they act by rule, even 
the most judicious among them are unconscious that 
they do so, because such rules exist only in the mind of 


Merchants 
stiullv j ruc- 
tic.il m their 
habits 


the individual, being the result not of study or of the 
lessons of others, but of his personal experience dining 
a number of years. Many merchants are remarked as 


well for intelligence and reflection, as for extensive in- 
formation ; but as that inhumation is not reduced into 
a system, and is brought forth only in occasional con- 
versation, it expires, in a great measure, with the pos- 
sessor ; so that new’ generations are left to acquire 
experience, like their predecessor, by length ol tunc 
and practice in business. K cuddy do we admit that 
practice and intercourse are as indispciwibli* in terming 
a merchant as a lawyer or physician, but they do not 
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supersede instruction by principle any more in trade 
than in law or medicine. Like these professions. Com- 
merce has its general rules ; its precepts affirmative and 
negative. Supported by the former, the merchant will 
persevere in an occupation or a connection which tempo- 
rary disappointments might otherwise make him aban- 
don : deterred by the latter, he will avoid those tempting 
but fallacious undet takings in which his unthinking 
brethreu are so ready to engage. 

The most effectual mode of proof is by example, and 
if we look for a ease of sufterng on the part ol our mer- 
chants, from their being merely piaclieal men, we shall 
find it unfortunately too soon : we need go no further 
than seven or eight years back, when the trade of Mexico 
and the rest of Spanish America was opened to this 
Country. Aware that quantities of gold and silver had 
for many Ages been supplied by those Countries, our 
merchants considered them wealth) in other respects, 
and entitled to large credits, as well for the manufac- 
tures they bought from us, a\ for the money which their 
respective Governments proposed to borrow'. Hence arose 
largo exports of our merchandise, followed by extensive 
loans on the fuith of South American funds, and equally 
exteiiMu* advances on the MHuirity of their mines. Wc 
will not dwell on the amount of the loss thus incurred ; 
on the millions thus transferred lioin England" to the 
Western Hemisphere: tile point is to consider whether 
the mania would have been carried so far had our mer- 
chant** bad the benefit of institution in the Principles of 
Commerce. In the com so of such instruction one of 
the earliest Ir^oih would have been, tli.it Couiilues pro- 
ducing gold and M’lver arc in gi ueial poor ; that mines 
of those metals Ho not, am more than mines of coal, or 
iron, or copper, offer their treasures on easy terms, blit 
must be wrought with great labour, and under careful 
superintendence. Tin* ivpense of mining is hi general 
such as to re it riel the profit on it to the same limited 
scale ns the profit on agriculture or manufactures. 
Another important lesson deuved from Htudving the 
II iMorv of Copimcrce is, that thinly peopled Commies, 
like Spanish America, are nrvuripbly bare of capital, 
whatever be their advantages as to soil and climate. 
The Tenuous are obvious.* capital is a plant of slow 
growth, the result of skill, labour, and perseverance; 
advantages to be found only in populous and long 
settled communities. Holland, with a mutshv sod and 
an uninviting climate, has long proved a valuable cus- 
tomer lor our ina nu futures, because the amount of her 
population and the advanced slate of their productive 
industry, enable her to supply us in return either with 
valuable commodities or with money arising from the 
sale of such commodities. .But a region like Spanish 
America, which, compared to England, has not on the 
same extent one inhabitant to twenty, can have no 
wealth arising from manufactures, and not mu :h arising 
from Country products. Of all such products, whether 
the indigo, sugar, uud cotton of u tropical climate, or 
the corn and wines of more temperate regions, the 
main constituent is labour, and labour can never be 
abundant where the population is scanty. Simply *as 
are these truths, a knowledge of them on the part of 
our mercantile Countrymen in the liulbrtunate year 
1 825, would have been the means of saving many mil- 
lions to England. 

Our next example of miscalculation as to Commerce 
shall be of quite a different nature,' and taken from the con- 
duct of our Government in the last Century. It is now sixty 


years since the origin of our differences with our North Commerce* 
American Colonies which burst forth into open war in 
1775, and ended, after a seven years' struggle, in their se- War with • 
paration from the Mother Country. Those Colonies had 
long been bound l>\ !Vcts of Parliament to take their ma- m 1773 . ‘ 
n 11 fact u res from England, and to send nil their exported itg cause*, 
produce, their tobacco, their flour, their timber, to this 
Country in the first instance ; that we might purchase 
as much as was wanted lor our use, and have a profit 
on the sale of the remainder to foreigners. These re- 
strictions seemed to our Statesmen, as to our merchants, 
of great advantage to the Mother Country. Tile war 
with the Colonies was of long continuance, and many 
persons in England lamented it, but they did so chiefly 
on considerations of humanity. No speaker in Parlia- 
ment* no practical merchant, came forward to maintain 
tiiat we should be able to retain our trade with the Ame- 
ricans without the aid of monopoly, England being the 
only Country in Europe that could uflbrd the long 
credit rendered necessary by their scanty capital. Peace 
came in 1783, and our Countrymen were piepared to 
resign a great part of this trade, when to t lie ii surprise 
they found it not only continue but increase. Could 
political feeling have decided the question the result 
would have been different. The national attachment of 
the America! s was to the French. They had fought 
together against us ; they had a mutual jealousy of our 
naval power ; they were eager to draw closer their con- 
nection by the ties of commercial intercourse ; but all 
was unavailing. Then, as at present, France was bare 
of capital, and not rich in vnauiifactiiies ; she could sup- 
ply America only with wines ami silk ; the other great 
m tides of consumption, woollens, linen, cotton, liai dware, 
continued to he drawn from England. The remit 
has been, that from America separated, or, as she styled 
herself, independent, we have reaped much more advan- 
tage than fiom the same Country when subject to our 
colonial laws. How much blood and treasme would 
have been saved had our Statesmen and our merchants 
been earlier aware of this truth; and lead they known 
that the chief subject for their consideration win merely 
whether our Colonists wire sufficiently advanced in 
political science to conduct their own Government. If 
they were n>, it \va* clcailv for the mutual advantage of 
Countrii s M) distant from each other, to .sepainle. each 
confining itself to the administration of own affairs. 

Hut of all examples of error arising from deficient Wars of the 
knowledge of the principle-, of trade, the most sinking Fomrh Ke- 
was afforded during our late W ars with Fiance. Mims- \"k»tum ; 
tors, merchants. Members of Paili ament, were all do- fl|, ‘ l,ICMl 
reived by appearances ; all joined iu believing that the laima*. 
itnpoicr>hing effect of burner Wars was completely 
belied hr our situation, Commercial nud Financial, 
during thar long contest. Money seemed every year to 
increase m abundance ; the country gentleman lecciv- 
ing augmented rcuK for his farms ; the town land- 
lord for his lions* the manufacturer a higher puce ’ 
for his woollens, his linens hrs hardware: while the 
humble mechanic, ami the Mill humbler country labourer, 
experienced fc progressive increase in their wages. So 
general a rise in the scale of payments could, m the 
general opinion, proceed only from increased wealth, 
and that wealth must, according to the mercantile 
creed, be obtained at the expense of our neighbours. 

Of this wc had uu amusing example in the wtitiii'wof 
the lute Arthur Young. 11 The French Revolution/’ lie 
said, “ burst forth like a volcano, laying the industry, 
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Commerce, manufactures, and Commerce of France, and eventually 
V wyW those of the whole Continent, in the dust. Britain 
* became the emporium of the World, £nd such u scene 

of wealth and prosperity tilled every eje in this happy 
Country as the Sun before had never shone upon.'’ 

Such was the general opinion of our merchants, and 
as to the cause of any great change, practical men seldom 
go far for a solution ; our navy was unresisted on the 
ocean, and our mercantile shipping had increased ; 
hence a common belief that our augmented wealth arose 
from foreign truth*. Even men the least connected with 
Government, had no distinct idea of the temporary 
nature of our prosperity or of the probability of a re- 
action. Not that we were without examples in History 
of such a reaction ; lor Sir William Temple, in his in- 
teresting account of the trade of Holland m the WiliU 
Century, had described, iu a maiftier equally clear uud 
impressive, the general stagnation iu mercantile uilaus 
which followed the Peace, of Westphalia. A similar fall 
of prices took place after the Peace of Utrecht iu 1712, 
and. in some degree, after our Peace with France, Spam, 
and the United States of America, in 17KI. Hut of 
these lattef changes there was no cleat or satisfactory 
record, and; unfcutun.itely, In. lore the close of the last 
War. wo had lost in Pitt the only Minister familiar 
with such a transition, flic only one who, during* the ex- 
citement of the War, had warned lu.-> colleagues of the 
reaction to In* apprehended at a Peace. Serious, in- 
deed, lias that reaction pn>ud ; in point of time it lias 
ladled nearly liven* \ years, while .is to degiee, it has m 
very many cases, amounted to half the income of whole 
classes of the community. 

Vet, long as lias been the period of suffering, the 
Public aie not, even at pit ^eut, agiced as to its causes. 
By some it is asuihed to the tiee-hude system and the 
competition of loieignei > ; by others, and a very nume- 
rous body, to the resumption nl caf-h payments; while 
a third party aUntmte it mainly to the decictwd pio- 
duce of the silver mines of Ameiieu during the last 
twenty years. Each of these umscs has,’ doubtlc-s, 
contt dinted to the fall of prices, but they are insufficient 
to account lor so great and geiiei.il a result ; tor tins fall 
has taken ’place in France, Italy, (icun.mv, Uounlncs 
iu winch Hanks are almost unknown, and where, cou-e- 
C.iuses of fluently, there were no small notes toluxeulh d in. 1 1 must 
tli-' iK-lmo awing, therefoic, to causes of very comprchcnsi\c 
ot pnet operation, and filial so likely to hold tile liist rank in 
the list as* the change fioin genual War to general 
Peace; a change which gave back so many millions of 
capital, and so many hundred thousand hands to pro- 
ductive employment; winch renewed the inteicnurse 
between all Countries, substituting open and unre- 
stricted trade for the barb-nous anti-coininercial edicts of 
Bonaparte. If. iu proof of this, vve select any parti- 
cular class of Society, we shall find that the decline of 
prices since the Peace has home a remarkable propor- 
tion, both in its nature and degree, to their rise dm mg 
the War; those who profited most during the contest 
luumg. in general, been the most reduced since the 
Peace. This holds iu regard to most of the productive 
classes, or those who earn their support chiefly by per- 
sonal exertion, and the employ ment of a limited capital. 
Of tins descriptio.u aie farmers, and the very numerous 
Body, who, whether agriculturists, traders, or pmtes- 
sional men, carry on their business with borrowed 
money. All these classes find the payment of their 
rent, interest, and other fixed money charges, much 


more heavy since the fall m the price of the commodi- Commerce. 

t.cs . 1 ) which they respectively deal ; imolv,,,.. lts it Wy— ' 

does a decrease •» the «ra S es, salaries, and pi„tcs MOUii i 

fees, which form then respective incomes. Bui that lsm> t 

all : a similar decline has taken place iu the value ,>l u ltir 

fixed capital, such as stock in trade, machinery, or build* 

ings. Cramped thus in their power of employing the 

lower orders, a number of the latter are tin own out of 

work. We hear, year after year, of a superabundance 

of country labourers, owing not to there bem- mure 

lal tourers than are required to raise the requisite supply 

of provisions, for ut late years we have impelled corn 

largely, but to the reduced capital of our fai mers. winch 

prevents them hum giving employment to those who 

want it. 

T iom lit. w many classes of the community do we 
hear similar complaints V From the manufacturers of 
woollens, cottons, linen, and more pointedly still from 
ship-builders, and the iron and haidware merchants'. 

One important part of our national property, houses, 
long* maintained a high rent in consequence chiefly of 
our increasing population ; but o* late that property also 
has fallen. I lmv easily might vve continue this painful 
catalogue, this enumeration of losses and embarrass- 
ments consequent on the lavish use of paper money 
during the War. How clearly could all this be traced 
to a detii lent knowledge of the Principles ot Commerce 
and tiuaiiee ; but we will not dwell on past enois : we 
will turn to a more dueling theme ; to the product of 
surmounting our distress and the means by winch it is 
to be attempted. 

Amrdst all these embarrassments and complaints, Project of 
there is e\ dcutly no tailing off in the productive powers 
of the Country. The quantity of our yearly crop**, the r ' M , ,urc ‘ s r 
extent m oar manulaennes, the amount oi our meit.au l ‘ luiaolll £* 
tile shipp. ng are ail greater than at any former time, 
anti all m a stale of piugrcssive increase. Il follows, 
tlien. Unit the real wealth of Me C ountry continues in 
an atignienling ratio ; the pressure on us aiKes iio'ii 
the e\ As oi transition ; trom un'ortunatc fluctuations in 
our currency ; ham the prices of very many .u tides, 
whether oi produce or inanulactme, iiavmg kdlcu iu a 
greater degiee t^an the change of preparing and bung- 
ing them to market Now such a disproportion taimo*. 
continue ; if we arc not able to foresee in what manner 
or alter w hat lapse of time the equilibrium will be ic- 
stored, we may safely assume that resloied it will be, 
because the existing insufficiency of price is as contrary 
to fairness ami justice, as its long continuance would be 
Contrary to all experience. 

First, as to our annual growth of corn and oilier Our nerd- 
country produce. Dining the War, cousideiublc uit- c : j n ’ u 
easiness was felt by the Public ut the insufficient \ of our l vu ' ,l,L0 ' 
crops and at our consequent dependence on forcigucis. 

44 Provisions, 1 it was said, “will lise in price, and our 
manufacturers will go to cheaper ('outlines. Tue corn- 
exporting part c,f Europe may. it was added, again tall 
under the sway of a madman like Paul of Kus^ia. «> r ol 
a headstrong despot like Bonaparte; in times of ^c.iuity 
tlie consequences might be most injurious." But 'mm such 
an apprehension we are now almost wholly renew'd ; the 
quantity of our yruilv prod no 1 is mt iv.ised ; agncid- 
tural improvements are extending in Ireland. in (':urid:i, 
and on the shores of the Euxme ; Fount n»-s Mo 
remote from each other to he conliouVd h\ ,im wiiglo 
power. Sixty years ago it was a common nut. on* that 
the English raised as much produce, and pit-pared a‘- 
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much of manufactures as the limited extent of our ter- 
ritory admitted ; and a French Political Economist, the 
father of the well-known Mira beau, told his Country- 
men in u printed Work : “ You have been outstripped 
in the career of productive industry by the English, but 
do not apprehend that they will continue to take the 
lead, for they have advanced as far as it is possible for 
them to go.” Yet, at that time our annual crops were not 
half their present amount; our mei can tile ton nuge not 
one-third; our export of manufactures not much above 
a fourth of the present quantity! So much for the 
accuracy of this foreigner: among ourselves, a well- 
known writer on population long since sounded the 
alarm at our increasing numbers; while one of his an- 
tagonists, writing twenty years ago, comforted ns with 
the assurance that we might be tranquil until our ave- 
rage numbers should amount to three huudred persoiis on 
a squaic mile. . To that limit we are now fast approach- 
ing, the census of 183 L exhibiting about two hundred 
and seventy persons in England to the square- mile ; yet 
our farmers supply the augmented number with pro- 
visions as easily as their 1’ath ns and grandfathers sup- 
plied half the number in a former Age. The truth is, 
that we are wholly unable to fix a limit to the produc- 
tive powers of a Country ; Ireland, the most densely 
peopled part of the United Kingdom, which at present 
supports eight millions of inhabitants, may, under an im- 
proved system of agriculture, so add to her produce, as, 
at no remutt* "dale, to support, perhaps, twice her pre- 
sent numbers, and to send to England twice or three 
times as much wheat and oats as at present. We 
may, therefore, safely dismiss the apprehension of our 
manufacturer!) taking up their resilience in cheaper 
Countries: at presejit provisions are not dearer in 
England than on the Continent by so much as a fifth or 
twenty per cent. ; and there is great reason to think 
that the difference will become progressively less. 

But whatever disadvantage our workmen may labour 
under in regard to provisions, is balanced, and more 
than balanced by the cheapness of the other constituents 
- of manufacturing prosperity, such as coal, iron, roads, 

| canals, railways. In coal vve have ail unquestioned 
superiority, both as to the quality of the mineral and 
the means of conveying it. Coal is found in various parts 
of the interior of Europe; in Poland, in Austria, in 
Spain ; but how limited are the means of transport- 
ing it, and how long the time that must elapse ere those 
poor and thinly peopled Countries will be able to make 
the canals and railways required for that purpose ! The 
same holds in regard to iron, our mines of which were 
hardly known forty years ago, when we were content to 
look to Sweden for the supply of an article, of which we 
now make above 600,000 tons annually. As to canals, 
it is now about seventy years since they began to be 
excavated in England; that is, since the intcrcouse 
between our chief towns became such as to defray a 
mode of transport which in the outset is very costly. 
Now, oil the Continent of Europe, canal communica- 
tion is extensive only in the Netherlands; in France, 
much as it lias been spoken of, it is still on a very 
limited 6cale ; while in Italy, Germany, Spain, the 
canals arc absolutely insignificant. It follows that 
most of the improvements effected in this Country at 
so heavy an expense, remain to be made on the 
part of the nations attempting to rival us ; and with 


how inferior means on their part as to capital and Commerce, 
machinery ! 

Equally inferior are their means as far as such dc- * n * ow “ * 
pend on the distribution of their population ; with them P 0 l mlal,on * 
the majority of the inhabitants reside in the country; 

.with us they reside in towns. Take the twelve prin- 
cipal towns of France, and compare the numher of 
their inhabitants with that of the twelve principal towns 
of England and Scotland, and in the case of each of the 
places compared, the superiority of numbers will be 
found on our side. Again, take’the whole town popula- 
tion of France, and extensive as that Country is, the 
aggregate of the inhabitants of her towns will not be 
found to equal in number the town population of Great 
Britain and Behind. In England, so improved is our 
agriculture, so important are the advantages arising from 
farming capital, from Better implements, from subdivision 
of work, that thirty -three persons in one hundred are 
sufficient to raise provisions for the community at large; 
while in France the labour of fully fifty persons in one 
hundred is required for that purpose, ilow greal is fhe 
superiority of workmen collected in towns over a 
scattered peasantry ! how steady their continuance at 
one kind of employment ! how exact 4lieif execution ! 

Their better wages enable them to consume much more 
of taxed commodities; hence the large revenue of 
Holland a century and half ago, at a time when in the 
rest of Europe the names of Excise and Customs 
were hardly known: hence at present the pa) men! 
in this Country by duties on consumption of twice as 
much revenue as in France. To whatever pail of 
Commercial History we look, whether to ancient or 
modem times, to Egvpt, Fliumicia, Greece, Carthage; 
to Modern Italy, the Netherlands, or the Hanse Towns, 
vve find increase of town population the cause and accom- 
paniment of augmented wealth. Nor is time any rea- 
son to question that vve shall keep up and increase our 
Riiperimity in this respect. The difference of expense 
between town and country is less in England than on 
the Continent, because the extent of our communications 


both by sea and laud facilitate the transport of corn, 
fuel, timber, and other bulky commodities, and cause an 
approach to equality iu most parts of the Kingdom. 

The improvements now in progress in our turnpike 
roads and railways bid fair to lessen further the cost of 
provisions in towns, and greatly to augment the num- 
ber of their inhabitants. 

Enough lias now been stated to show how little we Internal 
have to apprehend from the competition of foreigners, regulations. 
In our internal regulations, our laws relating to trade. 

Banking, and taxes, so far as the luttcr affect trade, 
our present sufferings are caused in a considerable de- 
gree by mistaken Legislation ; by abuses allowed to re- 
main on the Statute book on little other ground but 
that ot prescription. This, however, is not the place, nor 
indeed, if it were so, have we either room or inclination to 
enter upon the dangerous and difficult review by which ' 
this subject must be illustrated. It may suffice to ex- 
press our hope, that a time has now arrived in which 
the narrowness of private opinion will be superseded 
by a more expansive general reasoning, and iu which 
Mercantile interests will be regulated not by caprice, 
accident, or prejudice, but by the more sure and enlight- 
ened guidance of a study of Tiie Principles of 
Commerce. 
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Definition of the Science. 

We propose in the following' Treatise to give an outline 
of the Science which treats of the nature, the production, 
and the distribution of wealth. To that Science we give 
the name of Political Economy. Our readers must he 
aware that that term has often been used in a much wider 
sense. The earlier writers who assumed the name of 
Political Economists avowedly treated not of wealth but 
of government. Mcrcier de la Riviere entitled his 
Work The Natural and Essential Organization of So - 
defy, and professed to propose an organization “ which 
shall necessarily produce all the happiness that can he 
enjoyed on earth."* Sir James Steuurt states, that 
“ the principal object of the Science is to secure a certain 
fund of subsistence for all the inhabitants, to obviate 
every circumstance which may render it precurious, and 
to prmide every thing necessary for supplying the wants 
of the society.”+ The modern continental writers have 
in general entered into an equally extensive inquiry. 
“ Political Economy,” says M. S torch, “ is the Science 
of the natural laws which determine the prosperity of 
nations, that is to say, their wealth and their civiliza- 
tion.’^ M. Sismondi considers “ the physical welfare 
of man, so far as it can be the work of government, as 
the object of Political Economy.”} “ Political Eco- 
nomy,” says M. Say, u is the economy of society ; a 
Science combining the results of our observations on the 
nature and functions of the different parts of the social 
bod\ /’U The modern writers of the English school 
have in general professed to limit their attention to the 
theory of wealth ; but some of the most eminent among 
them, after having expressed their intention to confine 
themselves within what appears to us to Le their proper 
province, have invaded that of the general legislator or 
the statesman. Thus Mr. M‘Culloch, after having de- 
fined Political Economy to be “ the Science of the laws 
which regulate the production, accumulation, distribu- 
tion, and consumption of those articles or products that 
are necessarily useful or agreeable to man, and possess 
exchangeable value or, “the Science of values;” 
adds, that “ its object is to point out the means by which 
the industry of man may be rendered most productive of 
wealth, to ascertain the circumstances most favourable to 
its accumulation, the proportions in which it is divided, 
and the mode in which it may be most advantageously 
consumed."** 

It is impossible to overstate the importance of these 
inquiries, and it is not easy to state their extent. They 
involve, as their general premises, the consideration of 
the whole theory of morals, of government, and of civil 
und criminal legislation ; and, for their particular premises, 
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a knowledge of all the facts which affect the social con- Political 
dition of every community whose conduct the. Economist Economy, 
proposes to influence. We believe that such inquiries 
far exceed the bounds of any single Treatise, and indeed I-hniUof 
the powers of any single mind. We believe that by 1 w Scic,lc * 
confining our own and the reader’s attention to the 
nature, production, and distribution of wealth, we 
shall produce a more clear, and complete, and instruc- 
tive work than if we allowed ourselves to wander into 
the more interesting and more important, but far less 
definite, fields by which the comparatively narrow path 
of Political Economy is surrounded. The questions, to 
what extent and under what circumstances the possession 
of wealth is, on the whole, beneficial or injurious to its 
possessor, or to the society of which he is a member? 
what distribution of wealth is most desirable in each 
different state of society? -ind what are the. means by 
which any given Country can facilitate such a distribu- 
tion? — all these are questions of great interest and diffi- 
culty, but no more form part of the Science of Political 
Economy, in the sense in which vve use that term, than 
Navigation forms part of the Science of Astrouomv. The 
principles supplied by Political Economy are indeed 
necessary elements in their solution, but they are not the 
only or even the most important elements. The writer 
who pursues such investigations is in fact engaged on the 
great Science of legislation ; a Science which requires a 
knowledge of the general principles supplied by Political 
Economy, blit differs from it essentially in its subject, its 
premises, and its conclusions. The subject of legislation 
is not wealth, but human welfare. Its premises are 
drawn from an infinite variety of phenomena, supported 
by evidence of every degree of strength, and authorizing 
conclusions deserving every degree of assent, from per- 
fect confidence to bare suspicion. And its expounder is 
enabled, and even required, not merely to state certain 
general facts, but to urge the udoption or rejection of 
actual measures or trains of action. 

On the other h.and, the subject treated by the Political 
Economist, using that term in the limited sense in which 
we apply it, is not happiness, but wealth ; his premises 
consist of a very few general propositions, the result of 
observation, or consciousness, and scarcely requiring 
proof, or even formal statement, which almost every 
man, as soon as he hears them, admits as familiar to his 
thoughts, or at least as included in his previous know- 
ledge; and his inferences are nearly as general, and, if 
he lias reasoned correctly, as certain, as his premises. 

Those which relate to the nature and the production of 
wealtli arc universally true; and though those winch le- 
late to the distribution of wealth are liable to be :dli.vted 
by the peculiar institutions of particular Countries, in the 
cases for instance of slavery, legal monopolies or poor 
laws, the natural state of things can be laid down as the 
general rule, and the anomalies produced by particular 
disturbing causes can be afterwards accounted for. Hut 
his conclusions, whatever be their generality and their 
truth, do not authorize him in adding a singV liable ot 
T 
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advice. That privilege belongs to the writer or the 
statesman who has considered all the causes which may 
promote or impede the general welfare of those whom 
he addresses not to the theorist who has considered only 
one, though ainoii^ the most important, of those causes. 
The business of a Political Economist is neither to re- 
commend nor to dissuade, but to state general prin- 
ciples, which it is fatal to neglect, but neither advisable, 
nor perhaps practicable, to use as the sole, or even the 
principal, guides in the actual conduct of affairs. In the 
mean time the duty of each individual writer is clear. 
Employed as he is upon a Science in which error, or 
even ignorance, may be productive of such intense and 
such extensive mischief, he is bound, like a juryman, to 
give deliverance true according to the evidence, and to 
allow neither sympathy with indigence, nor disgust at 
profusion or at avarice — neither reverence for existing 
institutions, nor detestation of existing abuses — neither 
love of popularity, nor of paradox, nor of system, to deter 
him trom stating what he believes to be the facts, or 
from drawing from those facts what appear to him to he 
the legitimate conclusions. To decide in each case how 
far tho'C conclusions are to be acted upon belongs to 
the art of government, an art to which Political Eco- 
nomy is only one of many subservient Sciences j which 
involves the consideration of motives, of which the 
desire for wealth is only one among many, and aims at 
objects to which the possession of wealth is only a sub- 
ordinate means. 

The confounding Political Economy with the Sciences 
and Arts to which it is subservient has been one of the 
principal obstacles to its improvement. It lias acted 
thus in two different modes: — 

First, by exciting in the public unfavourable pre- 
judices. 

And, secondly, by misleading Economists, both with 
respect to the object of their Science and the means of 
attaining it. 

With respect to the first of those obstacles, it lias often 
been made a matter of grave complaint against Political 
Economists, that they confine their attention to wealth, 
and disregard all consideration of happiness or virtue. 
It is to he wished that this complaint were better 
founded, but Us general existence implies an opinion 
that it is the business of Political Economists not merely 
to state propositions, but to recommend actual measures, 
ibr on no other supposition could they be blamed for 
confining their attention to a single subject. No one 
blames a writer upon tactics for confining his attention 
to military affairs, or, from his doing so, infers that lie 
recommends perpetual war. It must be admitted that 
an author who, having stated that a given conduct is 
productive of wealth, should, on that account alone, re- 
commend it, or assume that, on that account alone, it 
ought to be pursued, would be guilty of the absurdity 
of implying that happiness and the possession of wealth 
are identical. But his error would consist not in eon- 
fining his attention to wealth, but in confounding wealth 
with happiness. Supposing that error, and it is a very 
obvious one, to be avoided, the more strictly a writer con- 
fines his attention to his own Science, the more likely he 
is to extend its bounds. 

Secondly, the confounding the Science of Political 
Economy with the Sciences and Arts to which it is sub- 
servient, has seduced Economists sometimes to undertake 
inquiries too vague to lead to any practical results, and 
sometimes to pursue the legitimate objects of the Science 


by means unfit for their attainment. To their extended Political 
view of the objects of Political Economy is to be at- Economy.^ 
tributed the undue importance which many Economists 
have ascribed to the collection of fads, and their neglect theScicnco. 
of the far more important process of reasoning accurately 
from the facts before them. We are constantly told that it 
is a Science of facts and experiment, a Science a vide dc 
fails . The practical applications of it, like the practical 
applications of every other Science, without doubt, re- 
quire the collection and examination of facts to an 
almost indefinite extent. The facts collected as ma- 
terials for the amendment of the poor-laws, and the 
opening of the trade to China, fill more than twice us 
many volumes as could be occupied by all the Treatises • 

that have ever been w ritten on Political Economy ; but 
tlu* fa£ts on which the ^general principles of the Science 
rest may be stated in a very few sentences, and indeed 
in a very few words. But that the reasoning from 
these facts, the drawing from them correct, conclusions, 
is a matter of great difficulty, may be inferred trom the 
imperfect state in which the Science is now found after it 
has been so long and so intensely studied. 

This difficulty aiises partly from the extremely com- 
plicated nature of the subjects which it investigates, and 
the consequent abstractness and generality of its terms. 

A description, if it were possible, of all the different 
things which are designated by the word “ wealth,” or 
even by the less comprehensive word 44 capital,” would 
fill nn Enc\elop:edia. It arises partly, also, from the 
circumstance, that the terms which we are forced to use 
as signs for these abstractions are taken from ordinary 
language, commonly used m senses too wide or loo 
narrow for scientific purposes. In the case, therefore, 
both ot the w liter ami of t lie reader, they are often as- 
sociated with leas which me intended to be excluded, 
or separated trom ideas which are meant to be compre- 
hended. Thus, in ordinary language, the word capital 
is sometimes u^ed as comprehending every species of 
wealth, and sometimes as confined to money. 

It Economists had been aware that the Science depends 
more on reasoning than on observation, and that its 
principal difficulty consists not in the ascertainment of 
its facts, but in the use of its terms, we cannot doubt 
that their principal efforts would have been directed to 
the selection and consistent use of an accurate nomen- 
clature. So far is this from having been the case, that 
it is only within a very short period that serious atten- 
tion lias been given to its nomenclature. The Wealth of 
Nations contains ncarccly a definition : most of tho 
modern French writers, and some indeed of our own, 
have not only neglected definitions, but have expressly 
reprobated their use ; and the English Work which has 
attracted the most attention during the present century, 

Mr. Ricardo’s Principles of Political Economy , is de- 
formed by a use of words so unexplained, and yet so 
remote from ordinary usage, and from that of other 
writers on the same subject, and frequently so inconsist- 
ent, as to perplex every reader, and not unfrequcntly to 
have misled the eminent writer himself. Wc do not 
complain of all his innovations in language: such inno- 
vations are, for scientific purposes, frequently indispen- 
sable, and we shall be forced to make many ourselves. 

What we do complain of is, that his innovations, such, 
for instance, as the substitution of the word value for 
cost, are frequently unnecessary, and are almost always 
made without any warning to his readers ; and that the 
samo words, such, for example! as the adjectives high 
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Political and low , when applied to wages, are used by him some- 

Kcouomy. times j n their popular sense, as expressing an amount, 
and sometimes in a technical sense of his own, as ex- 
pressing a proportion. 

Our object in these remarks has been not only to ac- 
count for the slow progress which has as yet been made 
by Political Economy, and to suggest means by which 
its advancement may be accelerated, but also to warn 
the reader of the nature of the following Treatise. He 
will find it consist, in a great degree, of discussions as to 
the most convenient use of a few familiar words. Such 
discussions it is impossible to render amusing, but we 
trust that they will be useful, by directing his attention 
to the great difficulties of the Science, though he may 
often disapprove our classification or noineuclutuj?*. 

• 

Wealth. 

Wealth. Having stated that the Science which we propose to 
consider, and to which we apply the term Political 
Economy, is the Science which treats of the nature, the 
production, and the distribution of wealth, our first busi- 
ness is to explain the meaning in which we use the 
word wealth. 

Under that term w r e comprehend all those things, 
and those tilings only, which are transferable, are limited 
in supply, and are directly or indirectly productive of 
pleasure or preventive of pain ; or, to use an equivalent 
expression, which are susceptible of exchange; (using 
the word exchange to denote hiring as well as absolute 
purchase ;) or, to use a third equivalent expression, which 
have value ; a word which, in a subsequent portion of 
this Treatise, w'e shall explain at some length, merely 
premising at present that w f e use it in its popular sense, 
as denoting the capacity of being given and received in 
exchange. 

Of the three qualities which render any thing an 
article of wealth, or, in other words, give it value, the 
most striking is the power, direct or indirect, of pro- 
ducing pleasure, including under that term gratification 
of every kind, or of preventing pain, including under 
that term every species of discomfort. Unfortunately, 
we have no word which precisely expresses this power; 
utility, which comes nearest to it, being generally used 
to express the quality of preventing pain or of indirectly 
producing pleasure, as a means. We shall venture to 
extend the signification of that word, and consider it as 
also including all those things which produce pleasure 
directly. We must admit that this is a considerable in- 
novation in English language. It is, however, sanctioned 
by Mr. Malthus, ( Definitions , p. 234,) and has been 
ventured by M. Say in French, a language less patient 
of innovation than our own. Feeling the same diffi- 
culty, he has solved it in the same way by using the 
term utilitc as comprehending every quality that 
renders any thing an object of desire. Attractiveness 
and desirableness have both been suggested to us as 
substitutes, but on the whole they appear to us more 
objectionable than utility , objectionably as we must 
admit that word to he. 

Utility, thus explained, is a necessary constituent of 
value ; no man would give any thing possessing the 
slightest utility for a thing possessing none ; and even 
an exchange of two useless things would be, on the part 
of each party to the exchange, an act without a motive. 
Utility, however, denotes no intrinsic quality in the 
things which we cull useful; it merely expresses their re- 


lations to the pains and pleasures of mankind. And, Political 
as the susceptibility of pain and pleasure from particular ^* co,,wn y‘ 
objects is created and modified by causes innumerable, 
anti constantly varying, we find an endless diversity in Weultl1 ’ 
the relative utility of different objects to different per- 
sons, a diversity which is the motive of all exchanges. 

The next constituent of value is limitation in supply. 

It may appear inaccurate to apply this expression to any 
class of things, as it, in fact, belongs to all ; there being 
nothing which, strictly speaking, is unlimited in supply. 

Hut, for the purposes of Political Economy, every thing 
may be considered as unlimited in supply in its existing 
state , of which a man may have as much as he (ileuses 
for the mere trouble of taking it into his possession. 

Thus the water ol the open sea is, in our use of the 
term, unlimited in supply ; any man who chooses to go 
for it may have as much of it as he pleases: that portion 
of it which has been brought to London is limited in 
supply, and is to be obtained not merely by going to the 
reservoir and taking possession o! it, but by giving for 
it an equivalent. The copper ores which Sir Jolm 
Franklin discovered on the shores of the Arctic Sea 
may be considered, in their existing state , as unlimited in 
supply ; any man may have as much of them as lie has 
strength and patience to extract. The extracted por- 
tion would be limited in supply, and therefore sus- 
ceptible of value. Many things arc unlimited in 
supply for some purposes, and limited for others. 

The water in a river is in general more than suffi- 
cient for all the domestic purposes for which it can be 
required ; nobody pays therefore for permission to 
take a bucketful! : hilt it is seldom sufficient for all 
those who may wish to turn their mills with it ; they 
pay, therefore, for that privilege. 

It must be further observed that, for economical pur- 
poses, the term limitation in supply always involves the 
consideration of the causes by which the existing supply 
is limited. The supply of some articles of wealth is 
limited by insurmountable obstacles. The number of 
Raphael's pictures, or or Canovu’s statues, may be di- 
minished, but cannot possibly be increased. There are 
others of which the supply may be increased to an in- 
definite extent. Such tilings may he considered as com- 
paratively limited in supply, in proportion, not to the 
existing supply of each, but to the force of the obstacles 
opposed to their respective increase. It is supposed 
that there is now about forty- five times as much of silver 
extracted from the mines, and current in Europe, as 
there is of gold. Human exertion is the only means by 
which the supply of either can be increased, and they 
may both he increased by human exertion to an amount 
of which we do not know the limit. The obstacle, there- 
fore, by which they are each limited in supply is, the 
amount of human exertion necessary to their respective 
increase. About sixteen times more exertion is neces- 
sary to produce an ounce of gold than an ounce of silver. 

The obstuclo, therefore, which limits the supply of gold 
is sixteen times more powerful than that which limits 
the supply of silver. In our sense of the term, therefore, 
gold is only sixteen times more limited in supply than 
silver, though the actual weight of silver in Europe is 
forty-five times as great as that of gold. To take a 
more familiar example, the number of coats and waist- 
coats in Euglaml is perhaps about equal. The supply 
of each may be increased by human exertion to an inde- 
finite extent; but it requires about three times as 
much exertion to produce a coat :»s to produce a waist- 
r :2 
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coat. As the obstacle, therefore, which limits the supply 
of coats is three times ns forcible as that which limits 
the supply of waistcoats, we consider coats three 
times more limited in supply than waistcoats, though 
the existing 1 supply of each may perhaps be equal. 
Whenc\er f therefore, wc apply the words limited in 
supply, as a comparative expression, to those commo- 
dities of which the quantity can be increased, we refer 
to the comparative force of the obstacles which limit the 
respective supplies of the objects compared. 

The third and last quality which a thing must possess 
to constitute it an article of wealth, or, in other words, to 
give it value, is tramferablnms , by which term (we are 
sorry to say, an unusual one) we mean to express that 
all or some portion of its powers of giving pleasure, or 
preventing pain, are capable of being transferred, either 
absolutely, or for a period. For this purpose it is ob- 
vious that it must be cupahle of appropriation ; since no 
man can give what he cannot refuse. The sources of 
pleasure and preventives of pain which arc absolutely 
incapable of appropriation are very few. We almost 
doubt whether there are any, and we are sure that the 
instances which are usually given are incorrect. “ The 
earth,” observes M. Sav, Kvnn. Pal. liv. ii. ch. ix. “ is 
not the only material agent with productive power, 
but it is the only one, or nearly so, that can be appro- 
priated. The water of rivers ami of the sea, which 
supplies us with fish, gives motion to our mills, and 
supports our vessels, has productive powers. The wind 
gives us force, and the sun heat, hut happily no man 
can say, 1 The wind and the sun belong to me, and I 
will he paid for their sen ices.”* j\ow, in fact, air and 
sunshine are local. This is so obvious that it would be 
absurd to prove, by serious induction, that some situa- 
tions have too much wind, and others too little, or that 
the sun’s rays are more powerful productive agents in 
England than in Melville Island, or in the Tropics than 
in England. And as the land is every where capable of 
appropriation, the qualities of climate, which are attri- 
butes of that land, must be so too. What gives their 
principal value to the vineyards of the Cote liotic, but the 
warmth of their sun? or to the houses which overlook 
lljde Park, but the purity of their air? Rivers and 
ihc sea are equally unfortunate illustrations. Many of 
the rivers of England are not less strictly appropriated, 
and are far greater sources of wealth, than any equal 
superficies of land. W hen M. Say visited Lancashire, 
he must have found every inch of fall in every stream 
the subject of lease and purchase. And so far are the 
services of the sea from being incapable of appropriation, 
that, during the late war, ^60,000 was sometimes paid 
for a licence to make use of it for a single voyage ; and 
the privilege of fishing in particular parts of it has been 
the subject of wars and treaties. 

The things of which the utility is imperfectly trans- 
ferable may be divided into two great classes. The first 
comprises all those material objects which arc affected by 
the peculiar mental associations, or adapted to the pecu- 
liar wants, of individuals. A mansion may (latter the pride 
of its owner as having been the residence of his an- 
cestors, or be endeared to him as the scene of his child- 
hood ; or he may have built it in a form which pleases 
no eye, or laid it out in apartments that suit no habits 
but his own. Still its substantial powers of affording 
warmth and shelter will obtain him purchasers or 
tenants, though they may demand a reduction from the 
price in consequence of those very qualities which, with 


him, formed its principal merits. The* palace of Sf. 

James’s is full of comfort and convenience, and would . J ' 
supply a man of large fortune with an excellent resi- Wealth, 
deuce ; but the long suite of apartments within apart- 
ments, which is admirably adapted to holding a Court, 
would be a mere incumbrance to any but a royal per- 
sonage. Any individual might hire Alnwick or Blen- 
heim, and enjoy their mere beauty and magnificence, 
perhaps, more than the»r owners who have been long 
familiarized to them ; but he could never feel the pecu- 
liar pleasure which they seem fitted to give to a Percy 
and a Churchill. There are many things, such as 
clothes and furniture, which sink in utility in the estima- 
tion of every one but their purchaser, from the mere fact 
of having changed hands. A hat or a table which has 
just been sent home does not appear to the purchaser 
less useful than when he saw it in the shop; but if he 
attempt to resell either, he will find that with the rest of 
the world it has sunk into the degraded rank of second- 
hand. 

The second class of things imperfectly transferable in- 
cludes the greater part, perhaps all, of our personal 
qualities. This classification, which places talents and 
accomplishments among the articles of wealth, may ap- 
pear at fir^t sight strange and inconvenient ; it certainly 
is different from that of most Economists. VVe will 
therefore venture to illustrate it more fully. 

Health, strength, and knowledge, and the other 
natural and acquired powers of body and inind, appear 
to us to be articles of wealth, precisely analogous to a re- 
sidence having some qualities that arc mii\crsahy useful, 
and others peculiarly adapted to the tastes of its owner. 

They are limited in supply, and are causes of pleasure 
and preventives of pain far more effectual than the pos- 
session of Alnwick or of Blenheim. A portion of the 
advantages which arise from them are inseparably an- 
nexed to their possessor, like the associations of an he- 
reditary property: another portion, and often a very 
large one, is as transferable as the palpable convenience 
of the mansion, or beauty of the gardens. What can- 
not be transferred are the temporary pleasure which 
generally accompanies the exercise of any accomplish- 
ment, and the habitual satisfaction arising from the con- 
sciousness of possessing it. Wliat can be transferred are 
the beneficial results which follow from its having been 
employed during the period for which it a services have 
been hired. If an Erskine or a Sugden undertakes my 
cause, he transfers to me, for that occasion, the use of 
all his natural and acquired ability. My defence is as 
well conducted as if I had myself the knowledge and the 
eloquence of au accomplished advocate. What lie can- 
not transfer is the pleasure which he feels in the exercise 
of his dexterity ; but how small is his pleasure compared 
to mine, if he succeeds for me! A passenger may envy 
the activity and intrepidity of the crew ; they cannot ac 
tually implant in him their strength, or their insensibility 
to danger; but so far as these qualities are means 
towards an end, so far as they enable him to perform 
his voyage witji quickness and safety, he enjoys the use 
of them as fully as if they belonged to himself. A 
hunter probably feels somewhat the same sort of plea- 
sure in the chase which Erskine felt in court; ami this 
pleasure cannot be transferred any more than his muscles 
or his lungs; but, so far as his strength, speed, and 
bottom are means towards the end of enabling his rider 
to keep up with the hounds, they can be purchased or 
hired as effectually as his bridle or saddle. In the 
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greater part of the world a man is as purchasable as a 
horse. In such Countries the only difference in value 
between a slave and a brute consists in the degree in 
which they respectively possess the saleable qualities 
that we have been considering. If the question whether 
personal qualities are articles of wealth had been pro- 
posed iti classical times, it would have appeared too 
clear for discussion. In Athens, every one would have 
replied that they, in fact, constituted the whole value of an 
c/iy]/v%oy opya.vov. The only differences in this respect 
between a freeman and a slave are, first, that the free- 
man sells himself and only for a period, and to a cer- 
tain extent, the slave may be sold by others, and abso- 
lutely ; and, secondly, that the personal qualities of the 
slave are a portion of the wealth of his master ; those of 
the freeman, so far as they can b$ made the subjects of 
exchange, are a part of his own wealth. They perish 
indeed by his death, and may be impaired or destroyed 
by disease, or rendered valueless by any changes in the 
customs of the Country which shall destroy the demand 
for his services; but, subject to these contingencies, they 
are wealth, and wealth of the most valuable kind. The 
amount of revenue derived from their exercise in England 
far exceeds the ftutal of all the lauds in Great Britain. 

Of the three conditions of value, utility, transfer- 
nblcness, and limitation in supply, the last is by far the 
most important. The chief sources of its influence on 
value are two of the most powerful principles of human 
nature, the love of variety, and the love of distinction. 
The mere necessaries of life arc few and simple. Pota- 
toes, water, and salt, simple raiment, a blanket, a hut, an 
iron pot, and the materials of firing, are sufficient to sup- 
port mere animal existence in this climate: they do, in 
fact, support the existence of the greater part of the in- 
habitants of Ireland; and in warmer Countries much 
less will suffice. But no man is satisfied with so limited 
a range of enjoyment. His first object is to vary his food ; 
but this desire, though urgent at first, is more easily satis- 
fied than uny other, except perhaps that of dress. Our 
aurestors, long afler they had indulged in considerable 
luxury in other respects, seem to have been contented 
with a very uniform though grossly abundant diet. And 
even now, notwithstanding the common declamation 
on the luxury of the tabic, we shall find that most 
persons, including even those whose appetites are not 
controlled by frugality, confine their principal solid 
food to but a few articles, and their liquids to still fewer. 

The next desire is variety of dress; a taste which has 
this peculiarity, that, though it is one of the first symp- 
toms that a people is emerging from the brutishness of 
the lowest savage life, it quickly reaches its highest 
point, and, in the subsequent progress of refinement, in 
one sex at least, diminishes until even the highest ranks 
assume an almost quakerdike simplicity. 

Last comes the desire to build, to ornament, and to 
furnish : tastes which are absolutely insatiable where 
they exist, and seem to increase with every improve- 
ment in civilization. The comforts and conveniences 
which we now expect in an ordinary lodging ore more 
than were enjoyed by people of opulence a century ago: 
and even a century ago a respectable tradesman would 
hove been dissatisfied if his bed-room had been no 
better furnished than that of Henry VIII., which con- 
tained, we are told, only a bed, a cupboard of plate, a 
joint-stool, a pair of andirons, and a small mirror.* 


* Henry, History of Great Britain , book vi. ch. vii. 


And yet Henry was among the richest and the most Political 
magnificent sovereigns of his times. Our great grand- 
children perhaps will despise the accommodations of 
the present Age, and their poverty may, in lurn, be 
pitied by their successors. 

It is obvious, however, that our desires do not aim so 
much at quantity as at diversity. Not only are there 
limits to the pleasure which commodities of any given 
class can afford, but the pleasure diminishes in a rapidly 
increasing ratio long before those limits are reached. 

Two articles of the same kind will seldom afford twice 
the pleasure of otic, and still les4 will ten gi\e five times 
the pleasure of two. In proportion, therefore, as any 
article is abundant, the number of those who are pr<>\ ided 
with it, and do not wish, or wish but little, to increase 
their provision, is likely to be great; and, so far as they 
are concerned, the additional supply loses all, or nearly 
all, its utility. And in proportion to its scarcity the number 
of those who are in want of it, and the degree in which 
they want it, are likely to he increased ; and its utility, 
or, in other words, the pleasure which the possession of n 
given quantity of it will afford, increases proportionally. 

But strong as is the desire for variety, it is weak 
compared with the desire for distinction : a feeling 
which, if we consider its universality and its constancy, 
that it affects all men and at all times, that it comes with 
us from the cradle, and never leaves us till we go into 
the grave, may be pronounced to be the most powerful 
of human passions. 

The most obvious source of distinction is the posses- 
sion of superior wealth. It is the one which excites 
most the admiration of the hulk of mankind, and the 
only one which they feel capable of attaining. To 
seem more rich, or, to use a common expression, to keep 
up a better appearance, than those within their own 
sphere of comparison, is, with almost all men who are 
placed beyond the fear of actual want, the ruling princi- 
ple of conduct. For this object they undergo toil which 
no pain or pleasure addressed to the senses would lead 
them to encounter ; into which no slave could be lashed 
or bribed. But this object is attained by appearances, 
and, indeed, cannot be attained by any thing else. 

All the gold in the Pactolus, even if the Facto! us 
were as rich as when Midas had just washed in it, would 
obviously confer no distinction on the man who was 
unable to exhibit it. The only mode by which wealth 
can be exhibited is, by the apparent possession of some 
object of desire which is limited in supply. Mere limi- 
tation of supply, indeed, unless there be some other cir- 
cumstance constituting the article in question an object 
of desire, or, in other words, giving it utility, is insuffi- 
cient. This circumstance must be its huving some 
quality to which some person beside the owner annexes 
the notion of utility. The original manuscript of e\ery 
schoolboy's exercise is as limited in supply as any thing 
can be, but there is nothing to make it an object of 
desire after it has served its purpose in school, it is 
merely a blotted manuscript, unique certainly, but 
valueless. But if the original manuscript of the Wealth 
of Nations could be discovered, it would excite an in- 
terest throughout Europe. Curiosity would be eager to 
trace the first workings of a mind whose influence will 
be felt as long as civilized society endures. It might, 
perhaps, be purchased by some ignorant collector only 
for the purposes of ostentation, but it could not serve 
even those purposes unless recommended by some cir- 
cumstance beyond mere singularity. 
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Economy. t r jfli n g or more capricious than the circumstances which 
may make a thing an object of desire, and therefore, in 
ttciutn. Q|ir * exteru j ei i US e of that word, give to it utility when its 
supply is narrowly limited. 

The substance which at present is the greatest object 
of desire, and of which, therefore, a given quantity 
will exchange for the .greatest quantity of all other 
things, is the diamond. A bracelet belonging to the 
King of Persia, the stones in which do not weigh two 
ounces, is said to be worth a million sterling. Now, a 
million sterling would command the whole labour of 
about thirty thousand English families for a year. If 
that labour were employed in producing and repro- 
ducing commodities for the purposes of sale, it would 
probably give for ever a clear annual income equal to 
the labour of three thousand families, or twelve thou- 
sand individuals. It would place at the disposal of 
its owner all the commodities that could be produced 
by all the labour of all the inhabitants of a con- 
siderable town. And a few pieces of mineral, not 
weighing two ounces, capable of gratifying no sense 
but the sight, and which any eye would be tired of 
looking at for a minute, is invested by our caprice 
wilh a value equal to that of the commodities which 
would gi\e comfortable support to thousands of human 
beings in an advanced state of civilization. H tini- 
ness and brightness must have been the qualities 
which first attracted notice to the diamond. They en- 
abled it to please the eye and adorn the person, and 
thus associated with it the notion of utility. But a 
diamond weighing an ounce is not found once in a cen- 
tury; there are not five such known to exist. The pos- 
session of ail object of desire so limited in supply soon 
became one of the most unequivocal proofs of wealth. 
And, as to appear rich is the ruling passion of the bulk 
of mankind, diamonds will probably continue the objects 
of eager competition while the obstacles that limit then 
supply are untliminishcd. If a Sindbad should discover 
a valley of diamonds, or we should succeed in manufac- 
turing them from charcoal, they will probably be used 
only as ornaments for savages, playthings for children, and 
as affording tools and raw materials for some of the Arts ; 
and we may send cargoes of diamonds to the coast of 
Guinea to be bartered for equal quantities of ivory or gum. 

Value . 

Value. Our definition of wealth, as comprehending all those 

things, and those things only which have value, requires 
us to explain at some length the signification which wc 
attribute to the word value; especially as the meaning of 
that word has been the subject of long and eager con- 
troversy. We have already stated that we use the word 
value in its popular acceptation, as signifying that 
quality in any thing which fits it to be given and re- 
ceived in exchange ; or, in other words, to be lent or 
sold, hired or purchased. 

So defined, value denotes a relation reciprocally exist- 
ing between two objects, and the precise relation which 
it denotes is the quantity of the one which can be ob- 
tained in exchange for a given quantity of the other. 
It is impossible, therefore, to predicate value of any 
object, without referring, expressly or tacitly, to some 
other object or objects in which its value is to he esti- 
mated ; or, in other words, of which a certain quantity 
can be obtained in exchange for a certain quantity of the 
object in question. 


Wc have already observed that the substance which at Political 
present is most desired, or, in other words, possesses Economy, 
the highest degree of value, is the diamond, By this we 
meant to express that there is no substance of which a 
given quantity will exchange for so large a quantity of 
every other commodity. When we wished to state the 
value of the King of Persia’s bracelet, we stated first 
the amount of gold, and afterwards of English labour, 
which it would command in exchange. If we had at- 
tempted to give a perfect account of its value, we could 
have done so only by enumerating separately the 
quantity of every other article of wealth which could be 
obtained in exchange for it. Such an enumeration, if it 
could have been given, vve uld have been a most instruc- 
tive commercial lesson, for it would have shown not only 
the value of the diarqond in all other commodities, but 
the reciprocal value of all other commodities in one 
another. If wc had ascertained that a dirmond weigh- 
ing an ounce would exchange for one million five hundred 
thousand tons of Hepburn coal, or one hundred t'.oiisaud 
tons of Essex wheat, or two thousand five hundred ton*- of 
English foolscap paper, we might have inferred that trie 
coal, wheat, and paper would mutually exchange m the 
same proportions in which they were exchangeable for the 
diamond, and that a given weight of paper would pur- 
chase six hundred times as much coal, and (oily times as 
much wheat. 

The causes which determine the reciprocal values of 
commodities, or, in other words, which dcteimine that 
a given quantity of one shall exchange fur a given 
quantity of another, must he d.vided into two sets; those 
which occasion the one to bu limited in supply and use- 
ful, (using that word to exnrcss the power o f ‘ occasion- 
ing pleasure and preventing pain,) and those which oc- 
casion those attributes to belong to the oth ,, *\ In ordi 
nary language, the force of the causes which give utility 
to a commodity is generally indicated by the word <7e- 
mand ; and the weakness of the obstacles which limit 
the quantity of a commodity by the word supply. 

Thus the common statement that commodities ex- 
change in proportion to the demand and supply of each, 
means that they exchange m proportion to the force or 
weakness of the causes which give utility to them re- 
spectively, and to the weakness or force of the jbMaUe* 
by which they are respectively limited in supply. 

Unfortunately, however, the words demand and sup- 
ply have not been always so used. Demand is some- 
times used as synonymous with consumption, as when 
an increased production is said to generate an increased 
demand ; sometimes it is used to express not only the 
desire to obtain a commodity, but the power to give the 
holder of it something which will induce him to part with 
it. 4 ‘ A demand,” says Mr. Mill, Political Economy, p. 23, 

3d edition, 41 means the will to purchase and the power 
of purchasing.” Mr. Malthus, Definitions in Political 
Economy, p. 244, states that “ demand for commodities 
bus two distinct meanings : one in regard to its extent, 
or the quantity of commodities purchased ; the other in 
regard to itp intensity, or the sacrifice which the de- 
manded are able and willing to make iu order to satisfy 
their wants." 

Neither of these expressions appears to be consistent 
with common usage. It must be admitted that the 
word demand is used in its ordinary sense when we 
say that a deficient wheat harvest increases the demand 
for oats and barley. But this proposition is not true if 
we use the word demand in any other sense than as 
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Political expressing the increased utility of oats and barley ; or, in 
Economy, other words, the increased desire of the community to 
obtain them. The deficiency of wheat would not give to 
V uluc. t j le consiimcrs 0 f 0 ats and barley any increased power of 
purchasing them, nor would the quantity purchased or 
consumed be iucreased. The mode of consumption 
would be altered; instead of being applied to the feeding 
of horses, or to the supply of stimulant liquids, a certain 
portion of them would be used as human food. And, 
as the desire to eat is more argent than the desire to feed 
horses, or drink beer or spirits, the desire to obtain oats and 
barley, or, in other words, the pleasure given, or the pain 
averted, by the possession of a given quantity of them, 
or, in other words, the utility of a given quantity of 
them, would increase. A fact which, in ordinary, lan- 
guage, would be expiessed by sajjng, that the demand 
for i he m was increased. 

But though the vagueness with which the word de- 
mand lias been used renders it ail objectionable term, it 
W too useful and concise to be given up ; but we shall 
iiwhavour never to use it in any other signification than 
:: > expressing the utility of a commodity; or, what is 
J:e s me, for we have seen that all utility is relative, the 
(kgiee in vhich*its possession is desired. 

Hi <ni. not complain of equal vagueness in the use of 
the wn/d .upply. In ordinary language, as well as in 
the writings of Political Economists, it is used to signify 
tlie quantity of a cemmodity actually brought to market. 
The complaint is, not that the word supply has been 
u<' 1 iu lhi*i sense, but that, when used in this sense, it 
1 m-. been considered as a „:nise of value, except in a lew 
cast s-, or for vor\ short periods. YY r e have shown, in the 
examples *[' coats and waistcoats, and gold and silver, 
Miat the lecipmeal value of any two commodities de- 
pends. uni on the quantity of each brought to market, 
but on i lie comparative force of the obstacles which in 
-• ii cum oppose anv iiu reuse in that quantity. When, 

* ui'i clore, we represent increase or diminution of sup- 
».<*■ .is itkcting value, we must be understood to mean 
net n m* re positive increase or diminution, but an in- 
ci-* ..: r or diminution occasioned by a diminution or in- 
» r*.:i-e of the obstacles In winch the supply is limited. 

To .exert to our original proposition, the reciprocal 
wunc^ ol any two commodities must be determined by 
two Is of causes; those which determine the demand 
and *upply of the one, and those which determine the 
demand and supply of the other. The causes which 
give utility to u commodity and limit it in supply may 
he called the i7itri.,$ic causes of its value; those which 
limit ihe supply and occasion the utility of the commo- 
dities for which it is to be exchanged, may be culled the 
extrinsic causes of its value. Gobi and silver are now 
exchanged for one another iu Europe in tin* proportion 
of one ounce of gold for about sixteen ounces of silver. 
This proportion must arise partly from the causes which 
give utility to gold and limit its supply, ami partly from 
those which create the utility and limit the supply of 
silver. Wnen talking of the value of gold we may con- 
sider the lirst set of causes ns influencing its general 
value, since they affect its powers of commanding every 
commodity in exchange. The second set of cuuses af- 
fect gold only so far as it is to be exchanged for silver, 
which maybe called one of its specific values ; the ag- 
gregate of its specific values forming its general value. 
If while the causes which give utility to silver and limit 
it in supply were unaltered, those which affect gold 
should vary ; if, for instance, fashion should require 


every well-dressed man to have all his buttons or pure Political 
gold, or the disturbances in. South America should per- ® con omy. 
manently stop all the gold works of Brazil and C’olom- 
bia, and thus (as would be the case) intercept five-sixths Value * 
of our supplies of gold, the reciprocal values of »olcl 
and silver would in time be materially varied. Tlmm-h 
silver would be unaltered boMi as to its utility and as "to 
its limitation in supply, a given- quantity of it would ex- 
change for a less quantity of gold, in the proportion 
perhaps of fwenty to one, instead of sixteen to one. As 
between one another the rise and fall of gold ami silver 
would precisely correspond, silver would fall and gold 
would rise one-fourth. But the fall of silver would" not 
be general but specific; though fallen as estimated in 
gold, it would command precisely the same quantities as 
before of all other commodities. The rise of gold would 
be general ; a given quantity of it would command one- 
fourih more not only of silver, but of all other commo- 
dities. The holder of a given quantity of silver would 
he just as rich as before for all purposes except the pur- 
chase of gold; the holder of a given quantity of gold 
would he richer than before for all purposes. 

The circumstances by which each different class of 
commodities is invested with utility and limited in 
supply are subject to perpetual variation. Sometimes 
one of the causes alone varies. Sometimes they both 
vary in the same direction ; sometimes in opposite direc- 
tions. In the last case the opposite variations, wholly 
or partially, neutralize one another. 

The effects of an increased demand concurrent with 
increased obstacles to supply, and ot diminished de- 
mand concurrent with increased facility of supply, are 
well exemplified hy hemp, Its average price before the 
revolutionary war, exclusive of duty, did not exceed £30 
per toil. Tile increased demand occasioned by a mari- 
time war, and the natural obstacles to a proportionate 
increase of supply, raised it, iu the year 1790, to above 
£j() aton ; at about which price it continued during the 
next twelve years. Butin ISOS, the rupture between Eng- 
land and the Baltic powers, the principal source of our 
supplies, suddenly raised it to £11S a ton, being nearly 
four times the average price in peace. At the close of 
the war, both the extraordinary demand and the extra- 
ordinary obstacles to the supply ceased together, and 
the price fell to about its former average. 

We have already stated that the utility of a commo- 
dity, in our extended sense of the term utility, or, in 
other words, the demand for it as an object of' purchase 
or hire, is principally dependent on the obstacles which 
limit its supply. But there are many cases in which, 
while the existing obstacles remain unaltered, the de- 
mand is affected by the slightest suspicion that their 
force may at a future period be increased or diminished. 

This occurs with respect to those commodities of w hich 
the supply is not susceptible of accurate regulation, but 
is afforded either in uncertain quantities and at stated 
periods, between which it cannot be increased or di- 
minished, — in the case for instance of the annual products 
of the earth, — or is dependent on our relations with 
foreign Countries. If a harvest deficient by one-third 
should occur, that deficiency must last for a whole year, 
or be supplied from abroad at an extravagant cost. It 
we should go to war with Russia, the obstacles to the 
supply of hemp would be increased while the war lasted. 

In either case the holders of corn or hemp would obtain 
great profits. In all rich Countries, am! particularly in 
our own, there is a great number of persons who have 
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Political forge masses of wealth capable of being suddenly ap- 
Economy^ p|| et | to the purchase of any given objects. The instant 
V'alue. 8UC h persons suspect that the obstacles to the supply of 
any article are likely to be increased, they are anxious to 
become holders of it. They enter the market as new 
dcmamlers ; the price rises, and the mere fact that it 
has risen is a cause of its rising further. The details of 
commerce are so numerous, the difficulty of obtaining 
early and accurate information is so great, and the facts 
themselves are so constantly changing, that the most 
cautious merchants are often forced to act upon very 
doubtful premises ; and the imprudent, dazzled by the 
chance of an enormous gain, which will be their own, 
and little restrained by the fear of a loss which may prin- 
cipally fall upon their creditors, are often ready to act 
upon scarcely any premises at all. They see that the 
price of some article has risen, and they suppose that 
there must be some good cause for it. They see that if 
they had purchased a month ago, they would have been 
gainers now, and conclude that if they purchase now 
they will be gainers a month hence. So far is this 
reasoning, if it can be called reasoning, carried, that a 
rise in the price of any one important commodity is 
generally found to occasion a rise in the price of many 
others. “ A” (thinks a .-.peculator) “ bought hemp before 
the price had risen and has resold it at a protit. Colton 
has not yet risen, nor do I see clearly why it should 
rise, any more than I see why hemp should have risen, 
but it probably will rise like hemp, therefore I will 
purchase.” 

Those who arc not practically conversant with com- 
mercial transactions, and who are probably accustomed 
to consider our merchants and capitalists as men of 
sober iniiuK, and cautious conduct, may perhaps think 
that we exaggerate the influence of imagination over 
judgment when we suppose that large fortunes are often 
risked on such reasoning as this. We cannot support 
our view better than by the authority of Mr. Tooke, a 
merchant of great talent and knowledge, and, at the 
period when he wrote, forced, for his own safety, to 
watch narrowly the phenomena which he described. 
The passages which we subjoin are taken from his ac- 
count of the circumstances which occasioned the extra- 
o i dinary rise of prices in the beginning of 1825. 44 The 

close of euch year* is the period at which, by annual 
custom, the stocks of goods on hand, and the prospects 
of supply and consumption for the coming season, are 
stated and reasoned upon by merchants and brokers in 
circular letters addressed to their correspondents and 
employers. Jjy these circulars it appenred (at the close 
of 1S24) that, of some important articles, the stock on 
hand fell short of that at the close of the preceding 
year. From this the conclusion was more or less 
plausibly deduced, that the rate of the annual consump- 
tion of those articles was outrunning the rate of the 
annual supply, and that an advance, in price ought to 
take place ; and at the same time, there were, as in the 
case of cotton and silk, confident reports of the failure of 
crops or other causes which would inevitably diminish 
the forthcoming supply. Expectation of scarcity was 
thus combined with actual deficiency in exciting the 
spirit of speculation. This was directed in the first 
instance to the articles which, upon fair mercantile 
grounds, justified and called for some advance in price, 
inasmuch as the rate of the consumption of them had 

* Considerations on the State qf the Currency , p. 43. 


outrun the average rate of supply. The rise, however, Political 
which would have been requisite to increase the supply, Econumy. 
or to diminish the consumption, would, in most of the ^ 

cases in question, have been trifling. U6 * 

44 Dut when speculation is once on foot, the rise of 
any one article may not only be in a ratio far greater 
than the occasion really calls for, but may cause in- 
directly a rise iu other commodities. 

44 The impulse, therefore, to a rise beiug given, and 
every succeeding purchaser having realized, or appear- 
ing to have the power of realizing, a profit, a fresh in- 
ducement appeared in every step of the advance to bring 
forward new buyers. These were no longer such only 
as were conversant with the market: many persons 
were induced to go out of their own line, and to embark 
their Tiinds, or stretch their credit, with a view to engage 
in what was represented to them by the brokers a cer- 
tain meaus of realising a great and immediate gain. 

44 Cotton exhibited the most extraordinary instance of 
speculation carried beyond all reasonable bounds. Silk, 
wool, and some other articles in which some advance 
was justified by the relative state of the supply and de- 
mand, became the subjects of a speculative anticipation, 
and advanced much beyond the occasion, as the event 
proved, though not in so great a degree as cotton. 

44 Never did the public, that part of it ut least which 
entered into the vortex of the operations in question, 
exhibit so great a degree of infatuation, so complete an 
abandonment of all the most ordinary rules of mercan- 
tile reasoning since the celebrated bubble year 1720, as 
it diil in the latter part of 1824, and in the first three or 
four months of 1S2&. 

41 The speculative anticipation of an advance was no 
longer confined to articles which presented a plausible 
ground for some rise however small. It extended itself 
to articles which were not only not deficient in quantity 
but which were actually iu excess. Thus coffee, of which 
the stock wax increased compared with the average of 
former years, advanced from 70 to 80 per cent. Spices 
rose iu some instances from 100 to 200 per cent, with- 
out any reason whatever, and with a total igno- 
rance on the part of the operators of every thing con- 
nected with the relation of the supply to the consump- 
tion. 

44 In short, there was hardly an article of merchandise 
which did not participate in the rise. For it became 
the business of the speculators or the brokers, who were 
interested in raising and keeping up prices, to look mi- 
nutely through the general Price Currents with a view 
to discover any article which had not advanced, iu order 
to make it the subject of anticipated demand. 

44 If a person not under the influence of the prevailing 
delusion ventured to inquire for what reason any parti- 
cular article hud risen, the common answer was, 4 Every 
thing else has risen, and therefore this ought to rise. 1 ’’ 

When we consider that the supply of large classes of 
commodities is dependent on our amicable or hostile re- 
lations with foreign States, and on the commercial ami 
financial legislation both of those States and of our own 
Country, uncf that the supply of still linger classes is de- 
pendent not only on those contingencies, but on the ac- 
cidents of the seasons, — and when we consider how the 
demand is affected not merely by the existing, or the 
anticipated obstacles to the supply, but often by a spirit 
of speculation us blind as that of a gambler ignorant of 
the odds and even of the principles of his game,— it is 
obvious that the general value of all commodities, the 
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quantity of each which will exchange for a given 
quantity of every other, can never remain the same for a 
single clay. Every day there will be a variation in the 
demand or the supply of one or more of the innume- 
rable classes of commodities which arc the objects of ex- 
change in a commercial Country. A given quantity of 
the commodity which has varied will consequently ex- 
change for a greater or a less quantity of all other com- 
modities. All other commodities, therefore, will have 
varied in value as estimated in the first-mentioned com- 
modity. It is as impossible for one commodity to remain 
perfectly unaltered in value while any other is altered, as 
it would be for a light-house to keep at the same dis- 
tance from all the "ships in a harbour while any one of 
them should approach it or recede. • 

But it may he asked, what do wc mean when we say 
that a commodity has, for a given period, remained 
steady in value? 

The question must be answered by referring to the 
different effects produced on the value of a commodity 
by an alteration in the intrinsic, or an alteration in the 
extrinsic, causes oil which value depends. If the causes 
which give utility to a commodity arid limit its supply, 
and which we have called the intrinsic causes of its value, 
are ultered, the rise or fall in its value will be general. A 
given quantity of it will exchange for a greater or a less 
quantity than before of every other commodity which 
has not also varied at the same time, in the same direc- 
tion, and in the same degree ; a coincidence which 
rarely occurs. Every other commodity must also rise or 
fall in value as estimated in the first-mentioned commo- 
dity, but not generally. 

The fluctuations in value to which a commodity is 
subject by alterations, in what we have called the ex- 
trinsic causes of its value, or, in oilier words, by altera- 
tions in the demand or supply of other commodities, 
have a tendency, like all other extensive combinations of 
chances, to neutralize one another. While it retains the 
same utility, and is limited in supply by the same 
causes, a given quantity of it, though it may exchange 
for a greater or a less quantity of different specific com- 
modities, will in general command the same average 
quantity as before of (he general mass of commodities ; 
what it gains or loses in one direction being made up in 
another. It may be said, without impropriety, therefore 
to remain stead) in value. But the rise or fall in value 
which n commodity experiences in consequence of an 
alteration in its utility, or in the obstacles to its supply, 
is, in fact, entirely uncompensated. It is compensated 
only with regard to those commodities of which the 
utility or the supply has also varied at the same time 
and in the same direction. And as quite as many are 
likely to experience a similar variation, but in an op- 
posite direction, there is really no compensation. x\ 
commodity, therefore, which is strikingly subject to such 
variations, is properly said to be unsteady in value. 

But we may be asked to account for another and not 
unfiequent statement, that at particular periods alt com- 
modities have been observed to rise or fijl in value. 
Laterally taken, this statement involves a contradiction in 
terms, since it is impossible that a given quantity of 
every commodity should exchange for a greater or a less 
quantity of every other. When those who make this 
statement have any meaning, they always tacitly exclude 
some one commodity, and estimate in that the rise or fail 
of all others. The excluded commodity is, in general, 
money or labour, 

VOL. VI. 


Estimated in labour, all commodities money included, Political 
have fallen in value in Englaud since the XV hh Century. 

It is scarcely possible to mention one of which a *y\wn 
quantity will not purchase less labour than it did at the Valu0 * 
close of Elizabeth’s reign ; estimated in money, almost 
all commodities, labour included, have fallen in Eng- 
land since the termination of the late war. 

The last remark which wc shall now make on value is, 
that, with a very few exceptions, it is strictly local. A ton 
of coal at the bottom of the pit near Newcastle is perhaps 
worth 2s. 6'/., at the pit's mouth it is peihaps worth f>s., 
at ten miles off 7a\, at Hull 10*. By the time the collier 
has reached the Pool, its cargo is seldom worth less than 
lfj*. a ton ; and the inhabitant of Gros\cnor Square may 
perhaps think himself fortunate if he can till his coal 
cellars at 25*. a ton.* A ton of coal, though physically 
identical, must be considered, for economical purposes, 
as a different commodity at the bottom of the pit and 
at its month, in Hull and in Cirosveuor Square. At 
every different stage of its progress it is limited in 
supply by different obstacles, and consequently ex- 
changeable for different things and in different propor- 
tions. Supposing that at Newcastle a ton of the best 
wheat is now worth about twenty tons of the best coal : 
the same wheat and coal at the w r est end of London 
may probably exchange in the proportions of about four 
tons of coal for one of whe it. At Odessa, they may 
perhaps exchange about weight for weight. 

Whenever, therefore, we speak of the value of a com- 
modil). it is necessary to state the locality both of the 
commodity in question, and of the commodity in which 
its value is estimated. And in most cases we shall find 
their respective proximity to the places where they are 
respectively to be made use of one of the principal con- 
stituents of their respective values. The purchaser of 
the distant commodity lias to consider the labour of 
transporting it to the place of consumption, the time for 
which that labour must be paid in advance, and the 
taxation, and the risk of injury or loss to which it may 
be subject in its transit. Nor is this all. He must also 
consider the danger that its quality may not correspond 
with the description or sample which guided him in 
making the purchase. The whole expense and risk 
attending the transport of a diamond from Edinburgh 
to London are but trifbug; but its \alue is so depend- 
ent on its form and lustre, and those are qualities as to 
which it is so ditficult to satisfy any purchaser who 
cannot ascertain them by inspection, that it w'ould be 
difficult (o obtain in London a fair price for a diamond 
in Edinburgh. Again, (hough a given quantity of coal 
from a given mine is generally of an ascertained quality, 

>et the expense, loss of time, risk, and taxation, which 
must be incurred in its transport from Newcastle to 
Grosvenor Square, arc such that a Ion of coal, when it 
lias reached Grosvenor Square, may be of nearly five 
times the value which it bore at Newcastle. 

Objections to Definition of Wealth considered. 

The definition of wealth, as comprehending all those Oljfitiona 
things, and those things only, which have value, or, in 
other words, which may he purchased or hired, does 
not, we believe, precisely agree with that adopted by any r0U8M i cre( |, 
Economist except Archbishop Whately. 

• These prices are merely assumed lor the purpose of illus- 
tration. 
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Political The principal differences arc these: some writers 
j,c*»u oinj% con fl ne t j lc term wealth to what have been termed 
Ol'iccti mis products ; some to those things which have 

todi'fini- been piodmed or acquired by human labour; and some 
lion ul object to the ideas of value or exchange being* introduced 
wealth j u { 0 t | ie definition of wealth. 

considered. question whether the things which have been 

called immaterial ought to be considered articles of 
wealth, we shall consider when we treat of production. 

Some of the wi iters who, expressly or impliedly, 
restrict the term wealth to the things, the produc- 
tion or appropriation of which has cost human labour, 
as lor instance Mr. Mill, Mr. M'Culloch, Colonel 
Torrens, Mr. Malthus, and M. Flores-Estrada, appear 
to suppose that a definition so restricted will com- 
prise every thing that can properly be termed wealth ; 
others, among whom is Mr. Ricardo, admit that there 
are some things falling within that term which have not 
been acquired by human exertion, hut think them so few 
or unimportant that it is better to omit them than to 
disorder the symmetry of the Science by extending it to 
any thing that is not the result of labour. 

The former doctrine is clearly stated in the following* 
passages from Mr. Multhus, Colonel Torrens, and Mr. 
MTulIoch. 

“ Wealth. The material things necessary, useful, or 
agreeable to man, which have required some portion of 
human exertion to appropriate or produce.”* 

14 Wealth, considered as the object of economical 
Science, consists of those material articles which are 
useful or desirable to man, and which it requires some 
portion of voluntary exertion to pructire or to preserve. 
Thus two tilings arc essential to wealth : the possession 
of utility, and the requiring some portion of voluntary 
exertion or labour. That which has no utility, which 
serves neither to supply our wants, nor to gratify our 
desires, is as the dust beneath our teet, or as the sand 
upon the shore, and obviously forms no portion of our 
wealth ; while, on the other hand, things which possess 
the highest utility, and which are even necessary to our 
existence, come not under the denomination of wealth, 
unless to the possession of utility be superadded the 
circumstance of having been procured by some voluntary 
exertion. Though the air which we breathe and the 
sunbeams by which we arc warmed are in the highest 
degree useful and necessary, it would he a depaiture from 
the precision of language to denominate them articles of 
wealth. Hut the bread which appeases the cravings of 
hunger, and the clothing which protects us from the 
rigour of the season, though not more indispensably 
requisite than the former, are with propriety classed 
under the term wealth ; because to the possession of 
utility they add the circumstance of having been pro- 
duced by labour.’ 't 

“ Labour is the only source of wealth. Nature spon- 
taneously furnishes the matter of which all commodities 
arc made; but until labour has been expended in appro- 
priating mattei, or in adapting it to our use, it is wholly 
destitute of value, and is not, nor ever has been, con- 
sidered us forming wealth. Place us on the banks of a 
river, or in an orchard, and we shall inevitably perish of 
thirst or hunger, if we do not, by an effort of industry , 
raise the water to our lips, or pluck the fruit from its 
parent tree. 

* Malthus, Drjimtiom, p. 234. 
f Torrens, Production of Wealth, ch. i. 
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“ An object which it does not require any portion of J* 0111 ^ 1 
labour to appropriate or to adapt to our own use may be of conoiny, 
the very highest utility, but, as it isthefiec gift of nature, objections* 
it is utterly impossible it can possess the smallest value.”* !o uefiiu- 

Mr. IVPCulloch appears to use the word labour as tion of 
including all voluntary action. And without doubt, if wealth 
we use the word labour in so extended a sense, it is C0U8U kreU- 
true that labour is almost necessarily incidental to the 
enjoyment of wealth. If it be an act of industry to 
gather au apple, it is equally an act of industry to raise 
it from one’s plate; and every guest at a festival earns 
his food by the labour which he exerts in appropriating 
his own portion. Such attempts as these to bend facts 
and language into accordance with hasty generalization 
haveJhrowu on Political Economy a degree of ridicule 
which is one of the principal obstacles to its progress. 

Mr. Malthus, Colonel Torrens, and the other Econo- 
mists who consider labour, using that word m its 
popular sense, as a necessary constituent of wealth, 
appear to have been led to that opinion by observing, 
first, that some quality besides mere utility is necessary 
to value; secondly, that all those things which are 
useful, and arc acquired by labour, arc valuable; and 
thirdly, that almost every tiling which* is valuable has 
required some labour for its acquisition. Rut the fact 
that that circumstance is not essential to value will be 
demonstrated if we can suppose a case in which value 
could exist without it. If, while carelessly lounging 
along the sea-shore, I were to pick up a pearl, would 
il have no value ? Mr. M'Culloch would answer that 
the value of the pearl was the result of my appropriate 
induMr) in stooping to pick it up. Suppose then that 
1 met with it while eating an oyster? Supposing 
that aeroli tlies consisted of gold, would they have no 
value? Or, suppose that meteoric iron were the only 
form in which that metal were produced, would not. the 
iron supplied from heaven be far more valuable than 
any existing metal? It is true that, wherever there is 
utility, the addition of labour as necessary to production 
constitutes value, because, the supply of labour being 
limited, if follows that the object, to the supply of which 
it is necessary, is by that very necessity limited in supply. 

Rut any other cause limiting supply is just as efficient a 
cause of value in an article as the necessity of labour 
to its production. And, in fact, if all the commodities 
used by man were supplied by nature without any 
intervention whatever of human labour, but were sup- 
plied in precisely the same quantities as they now are, 
there is no reason to suppose either that they would 
cease to be valuable, or would exchange in any other 
than their present proportions. 

The reply to Mr. Ricardo is, first, that the articles of 
wealth which do not owe the principal part of their 
value to the labour which lias bee'll bestowed on their 
respective actual production, form, in fact, the bulk of 
wealth instead of a small and unimportant portion of it; 
and secondly, that, as limitation of supply is essential to 
the value of labour itself, to assume lubour, and exclude 
limitation qf supply, as the condition on which value 
depends, is not only to substitute a partial for a general 
cause, but pointedly to exclude the very cause which 
gives force to the cause assigned. 

We have lastly to consider the objections which have 
been raised to the definition of wealth as a general name 
for the things which have value. Those who use the 


* Principles of Political Economy, 66—72. 
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Political word value as synonymous with coni, or as compre- 
Economy. j len di n gr whatever is useful, of course object to its intro- 
duction into the definition of wealth ; and so should we 
to defini- 8 ^ we llsec * ^ le word value in either of those senses, 
tionof But other writers, using the word value in its popular 
wealth sense, have objected that, according 1 to the definition 
considered, which we have adopted, the same thing will be wealth 
to one person and not to another. This consequence 
is evident; and it is evident that even to the same f>crson 
the same quality may he wealth under some circum- 
stances, and not so under others. The knowledge of 
English law is profitable in England, that of French law 
in France; if an English luwjcr, with no other property 
than his knowledge, were to settle in France, or a French 
lawyer in England, he would find himself instantly re- 
duced from affluence to poverty. - The power of telling 
long stories is a source of profit in Asia, but valueless 
in Europe. According to our nomenclature, therefore, 
it would be wealth in Persia, and cease to he so in 
England. If an actress should embrace a religious 
sect of which the tenets should be incompatible with 
the stage, her vocal and dramatic talents would no 
longer be exchangeable, she would no longer be able to 
let them out by the evening. We should sav, therefore, 
that they had ceased to be a pait of her wealth But 
we aic at a loss to conceive how the power of making 
this distinction is an objection to the language in ques- 
tion. It seems to be its principal convenience. 

Again, Colonel Torrens supposes a solitary family, or 
a nation in which each person should consume only his 
own productions, or one in which there should he a 
community of goods, and urges, ns a redvefio ad absur- 
dum , that in these cases, though there might be an 
abundance of commodities, as there would be no ex- 
changes, there would, in our sense of the term, be no 
wealth. The answer is, that, for the purposes of Political 
Economy, there would be no wealth ; for, in fact, in 
such a state of things, supposing it possible, the Science 
of Political Economy would have no application. In 
such a state of society, Agriculture, Mechanics, or any 
other of the Arts which are subservient to the production 
of the commodities which arc, with us, the subjects of 
exchange, might be studied, but the Science of Political 
Economy would not exist. Wo may add, that it the 
common usage which identifies wealth with the things 
which have vuluc is a convenient one in all the forms 
which human nature really exhibits, it is no objection 
to it that it would not be convenient iu a state of society 
of which we have no experience. 

Statement of the four Elementary Propositions of the 
Science. 

Statement We have already stated that the general facts on 
of the ele- which the Science of Political Economy rests are com- 
croiHwUona P riSL ’ f * * n a ^‘ w propositions, the result of ob- 

ofthe ° Nervation or consciousness. The propositions to which 
Science. we then alluded are these : 

1. That every man desires to obtain additional wealth 

with as little sacrifice as possible . • 

2. That the population of the world , or, in otk-r 
words , the number of persons inhabiting it, is limited 
only by moral or physical evil, or by fear of a defi- 
ciency of those, articles of wealth which the habits oj the 
individuals of each class of its inhabitants lead them 
to require . 

8. That the powers of labour, and of the other indnt- 
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ments which produce wealth , may he, indefinitely in - Political 
creased by using their products as the means of further ^ conoin y* 
production . v 

4. That , agricultural skill nmaining the same ad - s f lalement 
dilinnal labour employed on the land within n given 
district produces in general, a less proportionate return , v'T^ition* 
or, in other words , that, though , with every increase o/‘ ,,f tlw 
the labour bestowed, the aggregate return inn cased, SL ' lv:ilce ‘ 
the increase of the return is not in proportion to the. 
increase of the labour. 

The firsi of these propositions is a matter of conscious- 
ness, the three others are matter of observation. .\s 
the first and second involve little use of the peculiar 
abstractions of Political Economy, except those implied 
in the term wealth, and may therefore be explained 
with little recourse to its peculiar nomenclature, we shall 
consider them immediately; leaving the third and fourth 
for discussion in a subsequent part of this Treatise. They 
are however so nearly self-evident, that we will venture 
in the mean time to assume their truth. No one who 
reflects on the difference between the unassisted force of 
tnnn, and the more than gigantic powers of capital and 
machinery, can doubt the former proposition ; and, to 
convince ourselves of the other, it is necessary only to 
recollect that, if it were false, no laud except the very 
best could ever be cultivated : since, if the return from 
a single farm were to increase iu full pioportion to any 
amount of increased labour bestowed on it. the produce 
of that one farm might feed the whole population of 
England. 

General Desire for Wealth . 

In stating that every man desires to obtain additional Gi acral ih 
wealth with as little sacrifice as possible, we must not be sm ‘ tur 
supposed to mean, that every body, or indeed anybody, " oa 
wishe* for an indefinite quantity of everything; still 
less as staling that wealth, though the umver-al, either 
is, or ought to be, the principal object of human desire. 

What we menu to state is, that no person feels his whole 
wants to be adequately supplied ; that every person 
has some unsatisfied desires which he believes that 
additional wealth would gratify. The nature and the 
urgency of each individual's wants are as various as the 
differences in individual character. Some may wish 
for power, others for distinction, and others for leisure; 
some require bodily, and others mental amusement; 
some are anxious to produce important advantage to 
the public; and there are few, perhaps there arc none, 
who, if it could be done by a wish, would not benefit 
their acquaintances and friends. Money seems to lie the 
only objt ct for which the desire is universal ; and it is so, 
because money is abstract wealth. Its possessor may 
satisfy at will his ambition, or vanity, or indolence, his 
public spirit or his private benevolence ; may multiply the 
means of obtaining bodily pleasure, or of avoiding bodily 
evil, or the still more expensive amusements of the mind. 

Any one of these pursuits would exhaust the largest 
fortune within the limits of individual acquisition ; and, as 
all men would engage in some of them, ami many in all. 
the desire for wealth must be insatiable, though the 
modes in which different individuals would employ it 
are infinitely diversified. 

An ecpial diversity exists in the amount and the Kind 
of the sacrifices which di Herein individuals or even the 
same individual, will encounter in the pursuit of wealth, 
u l 
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Political ^nd no j 01| |y j s t] le samc sacrifice more severe to one 
E conom) . t j lan ( 0 another, as some will not give up ease or leisure 
General de- ^ or others good air and a country life, and ethers 

bire for recreation and society, but the absolute desire for wealth 
wealth. on the one hand, and the absolute will to encounter toils 
or privations in its pursuit on the other, are stronger in 
some men than in others. These differences form some 
of the principal distinctions in individual and national 
character. Experience, however, shows, and indeed it 
might have been predicted d priori , that the greatest 
and longest continued sacrifices will be made in those 
Countries in which property is most secure, and the road 
to social eminence is the most open. The inhabitants 
of Holland and of Great Britain, and of the Countries 
that have derived their institutions from Great Britain, 
the nations which up to the present time have best 
enjoyed those advantages, have up to the present time 
been the most ardent and the most successful in the 
pursuit of opulence. But even the Indians of Mexico, 
though their indolence makes them submit to poverty 
under which an Englishman would feel life a burthen, 
would willingly be rich if it cost them no trouble. 

It may be necessary, however, to explain our 
motives for dwelling on so much that is self-evident. 
Our first reason is, that the proposition in question, 
though wc are not aware that any one has thought that 
it required to be formally stated, is assumed in almost 
every process of economical reasoning. It is the corner- 
stone of the doctrine of wages and profits, and, generally 
speaking, of exchange. In short, it is in Political Eco- 
nomy what gravitation is in Physics, or the dictum de 
omni ct mtllo in Logic: the ultimate fact beyond which 
reasoning cannot go, and of which almost every other 
proposition is merely an illustration. In an attempt to 
state the evidence on which the Science rests, it appeared 
to us improper to omit its foundation, though at the 
hazard of appearing to take up our reader’s time in 
defending what it inay be supposed that nobody ever 
thought of questioning. 

But, in the second place, this proposition, apparently 
self-evident, has been impliedly questioned. It is directly 
opposed to a doctrine of considerable popularity, and 
supported by great names, — wc mean the doctrine of 
over-production or universal glut. 

By the word glut is meant the production of a given 
commodity in an abundance, either absolutely beyond 
the desires of its intended consumers, or beyond the 
amount for which they arc able and willing to offer in 
exchange equivalents sufficient to induce the producer 
to continue his operations. Books are, perhaps, the 
commodities most subject to gluts. The proportionate 
expenses of printing and advertising increase so rapidly, 
if the number of copies printed he much reduced, and 
authors are so little subject to underrate the probable 
demand for their labours, that scarcely any edition con- 
sists of less than two hundred and fifty copies, and very 
few of less than five hundred. But we have seen calcula- 
tions showing that not in one case out of two hundred are 
all the copies sold off at the price at which they originally 
came out. In ordinary cases, from fifty to one hundred 
are sold in the first jear, and thirty or forty in the 
second ; by the end of which time the book has been 
forgotten, and the unsold copies are put up to sale at 
periodical auctions among the booksellers. The best 
that can happen to them is to be purchased on this 
occasion in order to be again offered to the public ; but 


the majority of Works are found to be worth purchase 
not as books, but ns paper. They arc unsold at the s 
trade sales, and find their way General de* 

In virum vendentem thus ct adores sire for 

Et piper , ct quidqnid chart is amicitur inept is. wealth. 

We have selected books as affording an illustration of a 
glut arising from a miscalculation not of the ability, but of 
the willingness of purchasers. The opening ofa new trade 
is generally followed by gluts occasioned by miscalcula- 
tions of both. Every one must recollect, when Brazil and 
Spanish America first became accessible, our exports of 
skaits, and fire-irons, and warming pans to the tropics. 

And, until their real poverty was known, wc continued to 
fill their warehouses with cargoes, adapted indeed to their 
wantff, but far beyond their means. Miscalculations of this 
kind must obviondy'be of frequent occurrence ; and 
perhaps what ought to excite our surprise is, not the 
extent to which they prevail, but the degree in which 
they arc avoided. But it appears clear that they can 
arise only from one or the other of two causes: either 
from the articles of wealth, with respect to which the 
glut exists, having been prepared for persons who do not 
want them, or from those persons not^ being provided 
with other articles of wealth, suited to the desires of the 
producers of the first-mentioned articles of wealth, to 
offer in exchange for them. Partial gluts, occasioned 
by the one or the other of these causes, are among the 
most ordinary commercial occurrences. But the opinion 
to which onr doctrine is opposed is that which admits 
the possibility not only of partial but of universal gluts, 
which supposes it possible that there may be at the 
same time a glut of services and commodities in general, 

—that we may have too much of every thing; a doctrine 
not only of frequent occurrence in conversations on 
commercial subjects, but even maintained by some dis- 
tinguished writers. Now as by the assumed hypothesis 
of a universal glut all the articles of wealth exist not 
only in abundance, but in superabundance, an absolute 
deficiency of equivalents cannot be one of its causes. 

And it can scarcely be supposed that there can be such 
a general state of commercial cross-purposes as to pre- 
vent, in the majority of cases, the proper sellers and 
purchasers from meeting. It can scarcely be supposed 
that when A has what B wants, and B w r hat A wunts, 

A and B should, in the majority of instances, instead of 
finding out and exchanging with one another, offer their 
respective commodities to Y and Z, who, having also each 
reciprocal wants and supplies, neither wish to purchase 
from A or B, nor have discovered the means of exchang- 
ing w ith one another. But if it be absurd to suppose 
that a general glut could be occasioned by such ail 
universal spirit of blundering as this, the only remaining 
hypothesis on which the existence of a general glut can 
be supposed is that of a general satiety, that all men may 
be so fully provided with the precise articles which they 
desire ns to afford no market for each other’s superflui- 
ties. And this doctrine is opposed to the proposition 
with which we set out, that every man desires to obtain 
additional wffalth. 

Population . 

Having explained the sense in which we use the word Population, 
wealth, and stated, or rather recalled to the recollection 
of our readers, the general desire to obtain additional 
wealth with the least possible sacrifice, we now proceed 
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Political to consider the second of the four elementary propositions 
'Economy* on which the Science of Political Economy is founded ; 

namely, that the population of the world, or, in other 
Population. wor( j g> the number of persons inhabiting it, is limited 
only by moral or physical evil, or by fear of the defi- 
ciency of those articles of wealth which the habits of the 
individuals of each class of its inhabitants lead them to 
require. 

It is now generally admitted, indeed it is strange 
that it should ever have required to be pointed out, that 
every species of plant or animal which is capable of in- 
crease, either by generation or by seed, must he capable 
. of a constantly increasing increase ; every addition to its 
numbers being capable of affording a source of still 
further additions ; or, in other words, that wherever there 
is a capacity of increase, it mus* be a capacity of in- 
crease not by mere addition but by multiplication; or, 
to use the short form in which the proposition is usually 
stated, not in an arithmetical, but in a geometrical ratio. 
The rate at which any species of plant or animal is ca- 
pable of increasing must depend on the average power 
of reproduction and the average period of existence of 
the individuals^)!' which it is constituted. Wheat, we 
know, is an annual, and its average j ower of reproduc- 
tion, perhaps, about six for one; on that supposition, the 
produce of a single acre might cover the globe in fourteen 
years. The rate at which the human race is capable of 
increasing has heeu determined by observation. It has 
been ascertained that, for considerable periods and in 
extensive districts, under temperate climates, it lias 
doubled every twenty- five ) ears. 

The power of reproduction in the human race must, 
under similar climates, be always the same. We say, 
under similar climates, because the acceleration of 
puberty, which has been sometimes observed in tropical 
climates, unless checked, as is probably the case by an 
earlier cessation of child-bearing, would occasion in- 
creased fecundity. Now, the United States of America, 
the districts iu which the rate of increase which wc have 
mentioned has been most clearly ascertained, are not 
remarkable for the longevity of their inhabitants. We 
may infer, therefore, that such is the average power of 
reproduction and average duration of life iu the in- 
dividuals constituting the human species, that their 
number may double every twenty-five years. At this 
rate the inhabitants of every Country would, in the 
course of every five centuries, increase to above a mil- 
lion times their previous number. At this rate the po- 
pulation of England would, iu five hundred years, ex- 
ceed fifteen million millions : a population w hich would 
not allow them standiug room. Such being the human 
powers of increase, the question is, by what checks is 
their expansion controlled? How comes it that the po- 
pulation of the world, instead of being now a million 
times as great as it was live hundred years ago, ap- 
parently lias not doubled within that time, and certainly 
bus not quadrupled ? 

Mr. Malthus has divided the checks to population 
into the preventive and the positive. The first are 
those which limit fecundity, the second those which de- 
crease longevity. The first diminish the number of 
births, the second increase that of deaths. And as fe- 
cundity and longevity are the only elements of the calcu- 
lation, it is clear that Mr. Malthus’s division is exhaust- 
ive. The positive check to population is physical evil. 
The preventive checks are promiscuous intercourse and 
abstinence from marriage* The first is moral evil ; the 


second is, with a very few exceptions, so few indeed that Political 
they do not atfect the result, founded on an appre- Ecouom y« 
hended deficiency of some of the things to which wo 
have given the general appellation of wealth. All the Po t mlatioa# 
preventive and positive checks may therefore he dis- 
tributed under prudence, moral evil, and physical evil. 

We will first consider the positive check. 

We have seen that this check includes all the causes 
which tend, in any way, prematuiely to shorten the du- 
ration of human existence : such as unwholesome occu- 
pations, severe labour, or exposure to the season*?, bad or 
insufficient food or clothing, bad nursing of children, ex- 
cesses of all kinds, the corruption of the air from natural 
causes, or from large towns, wars, infanticide, plague, 
and iainine. Of these, some arise from the laws of 
nature, and others from the crimes and follies of man: 
all are directly and immediately felt in the form of 
physical evil, though many of them are the result, more 
or less remotely, of moral evil. 

The final and irresistible mode in which physical evil 
operates is the want of the necessaries of existence : 
death produced by hardship or starvation. This is 
almost the only check to the increase of the irrational 
animals, and as man descends towards their condition 
he falls more and more under its influence. In the 
lowest savage state it is the principal and obvious 
check; in a high state of civilization it is almost imper- 
ceptible; hut is tin perceived only in consequence of the 
operation of its substitutes. 

We have already stated that, as a general rule, addi- 
tional labour employed in the cult i\ ation of the land 
within a given district produces a less proportionate re- 
turn. And it has appeared that such is the power of 
reproduction and duration of life in mankind, that the 
population of a given district is capable of doubling 
itself at least eveiy twenty-five years. It is clear, there- 
fore, that the rate at which the production of food is 
capable of being increased, and that at which population, 
if unchecked, would increase, are totally different. Every 
addition made to the quantity of food periodically pro- 
duced makes iu general a further periodical addition 
more difficult. Every addition to the existing popula- 
tion diffuses wider the means of still further addition. 

If neither evil, nor the fear of evil, checked the popula- 
tion of England, it would amount in a century to above 
two hundred millions. Suppose it possible that we might 
he able to raise or to import the subsistence of two hun- 
dred millions of people : is it possible that one hundred and 
twenty-five years hence wc should he able to support four 
hundred millions? or, in one hundred and fifty years, 
eight hundred millions? It is clear, however, that long 
before the first century had elapsed, long before the period 
at which, if unchecked, we should have attained two hun- 
dred millions, no excellence in our institutions, or salu- 
brity of climate, or unremitting industry, could have saved 
us from being arrested in our progress by a constantly in- 
creasing want of subsistence. If all other moral and phy- 
sical checks could be got rid of, if we had neither wars 
nor libertinism, if our habitations, and employments and 
habits were all wholesome, and no fears of indigence or 
loss of station prevented or retarded our marriages, fa- 
mine would soon exercise her prerogative of controlling, 
in the last resort, the multiplication of mankind. 

But though it he certain that the absence o*' all other 
checks would only give room for the irresistible in- 
fluence of famine, it is equally certain that Mich a state 
of things never has existed and never will exist. 
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political In the first place the absence of all the other moral 
Economy. an( | physical evils which retard population implies a de- 
gree of civilization not only high, blit higher than man- 
l’opulation. j KlV0 ns y t >t enjoyed. Such a society cannot be 

supposed to want sagacity sufficient to foresee the evils 
of a too rapidly increasing population, and prudence suf- 
ficient to avoid them. In such a state the preventive 
check would be in full operation, and its force is quite 
sufficient to render unnecessary even the approach of 
any positive check. 

And, secondly, it is impossible that a positive check, 
so goading and so remorseless as famine, should prevail 
without bringing in her train all the others. Pestilence 
is her uniform companion, and murder and war are her 
followers. Whole bodies of men will not tamely lie 
down to die, and witness, while they are perishing, their 
wives, and children, ami parents, starving around them. 
Where there is a diversity of fortunes, famine generally 
produces that worst form of civil war, the insurrection of 
the poor against the rich. Among uncivilized nations it 
produces those tremendous hostile migrations in which 
a whole people throws itself across a neighbouring 
frontier, and cither perishes in the attempt to obtain a 
larger or a more fertile territory, or destroys the former 
possessors, or drives them out to be themselves ag- 
gressors in turn. 

In fact, almost all the positive checks, by their mutual 
reaction, have a tendency to create and aggravate one 
another; and the destruction of those who perish im- 
mediately by one may generally be found to have been 
remotely occasioned or promoted bv one or more of the 
others. Among nations impel feetly civilized the widest 
and the most wasting of the positive cheeks is predatory 
war. A district exposed to it is likely to suffer all the 
others. Mere fear of invasion must gencially keep the 
great body of its inhabitants pent lip in crowded and 
consequently unwholesome towns; it must confine their 
cultivation to the fields in the immediate neighbourhood 
of those towns, and, if it does not destroy, must so much 
impede their commerce as to render it useless as a 
source of subsistence; and when the invasion does 
rotne, it is often followed by the complete extirpation of 
the invaded community. This is the check which lias 
kept Africa, and the central parts of Asia, in their com- 
paratively unpeopled state. 

In his journey from Abyssinia to .Sennaar, Bruce 
crossed (he territory of Atbara, subject to the incursions 
of the Du\eina Arabs. The whole seems to ha\e been 
a scene of desolation, lie passed a night at Oarigara, 
a village, of which they had destroyed the crops a year 
before. The inhabitants had all perished with hunger, 
and their remains were unburied and scattered over the 
ground where the village had stood. The travellers 
encamped among the bones : no space could be found 
free from them. His next stage was Teawa. 11 Its con- 
sequence,” he observes, “ was to remain only till the. 
Daveina should resolve to attack it, when its corn fields 
being burnt and destroyed in a night by a multitude of 
horsemen, the bones of its inhabitants scattered upon 
the earth would be all its remains, like those of the 
miserable viHage of fiaiigara." 

Among the positive checks to the population of un- 
civilized, or partially civilized, nations, the next in im- 
portanee to war is famine. When a people depends 
principally on that subsistence which is most easily ob- 
tained, and such is the case among the nations in ques- 
tion, the mere variations of the seasons must, from time 


to time, produce destructive want. Where society i» Political 
better constituted, the evil of these variations is miti- fo onom y. 
gated, partly from the superfluity of the more opulent ^ 

classes, partly by importation, and principally by a re- op ft 1 
currciice to a less expensive diet ; but in u barbarous, 
and consequently a poor and non commercial people, 
they arc among the most frighful forms of national 
calamity. The histories which we possess of such 
Countries always particularize periods of dearth as 
among the most memorable events recorded. They 
seein in a constant oscillation between the want en- 
dured by a population that has increased to the utmost 
limits of subsistence, and the plenty enjoyed by the sur- 
vivors after that population has been thinned by war, 
pestilence, or famine. The remainder of the positive 
checks, such as infanticide ami unwholesome ness of 
climate, habits, or situation, appear rather to facilitate 
early marriages than to produce any actual diminution, 
or prevent any adual increase of population. Infanti- 
cide has been supposed to be rather favourable to po- 
pulation, by opposing to the prudential check to mar- 
riage a mode of disposing of its offspring, which may 
appear easy in contemplation, but froqj which the feel- 
ings of the pa re lib eventually recoil. The unwhole- 
someness of some districts is unquestionably such as to 
keep them totally unpeopled, or inhabited by strangers, 
whose numbers must be constantly recruited. Such, 
fur instance, appears to be the case in the most un- 
healthy parts of Italy. Such is the case with large 
manufacturing towns even in the most favourable 
climates, unless great skill and great care are directed 
towards their cleanliness and ventilation. And in a 
newly colonized Country like the back settlements of 
America, where the abundance of land and the con- 
stantly increasing means of subsistence would render 
any preventive check unnecessary, any came diminish- 
ing longevity must reiard increase. But with these ex- 
ception^, unheal t hi ness rather causes the successive 
generations to pass more rapidly uwav, than diminishes 
the actual number of inhabitants. In some of the 
healthiest districts of Swisserland the average annual 
mortality does not exceed one in forty-eight. In many of 
the marshy villages of Holland it exceeds one in twenty- 
three. But it would be rash to expect the population 
of the former to be more dense or to increase more 
rapidly than that of the latter. The case is, in fact, the 
reverse. In the Swiss villages of which we have been 
speaking the births are as rare as the deaths; the 
population is thin and stationary. Among the Dutch 
the births somewhat exceed the deaths; the population 
is demo and is increasing. It is obvious, indeed, that 
the proportion of annual births to the whole number of 
people being given, the rate of increase must depend on 
the proportion lx>rnc by the annual deaths. And again, 
the proportion of deaths to the whole number of people 
being* given, it must depend on the proportion borne by 
the births ; or, to use a shorter form of expression, given 
the longevity it must depend on the fecundity, and 
given the fecundity it must depend on the longevity. 

If both are given, the rate of increase may he calculated ; 
but from only one, the conclusion must be in the dis- 
junctive. If the annual births bear a large proportion 
to the existing number of people, wc may conclude 
either that the population is rapidly increasing, or that 
the positive cheeks are in powerful operation. On the 
other bund, finm a small proportion of annual deaths 
m:i\ hi* inferred either a rapid increase of numbers, or a 
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Political strong influence of’ the preventive checks. The average 
Economy, duration of life in England is greater than in the United 
States of America; but so much greater is the force of 
l\jjuil.itu>n. prevent^ checks, that the rate of increase in 
America is about double that in England. Again, the 
average duration of life in the Swiss villuges to which 
we have referred is the same as it is in England ; hut 
the preventive check in England, strong as it appears 
when compared with its force in America, is so much 
weaker than it is in some districts in Swisserlaud, that, 
with the same annual mortality, the population is in the 
one Country stationary, in the other rapidly progressive. 

But although the average longevity in a Country 
affords no decisive evidence as to the increasing or sta- 
tionary number of its inhabitants, it is among tlui least 
deceitful tests of their prosperity ;• fur less so than that 
on which legislators formerly relied, the number of 
births. There is not an evil, moral or physical, which 
has not a tendency, directly or indirectly, to shorten life, 
but there are many which have a direct tendency to 
increase fecundity. The extraordinary duration of life 
in Great Britain, exceeding, as it does, the a\erage of 
any other equally populous district, is a convincing 
proof of the general excellence of our climate, our insti- 
tutions, and our habits. 

We now proceed to consider the preventive cheeks 
to the increase of population. We have seen that 
they are promiscuous intercourse and abstinence from 
narriage. 

The first dues not appear to be of sufficient import- 
ance to requite much consideration. It is said to pro- 
duce some effect in checking the increase of the higher 
classes ill some of the* South Sea Islands; and it ap- 
pears to have produced the same elftct to a considerable 
extent among the West Indian negroes. But the 
nobility of the South Seas scarcely deserve to be sepa- 
rately considered. And, while the other forms of moral 
and physical c\il were accumulated, as they were among 
the West Indian slaves, it is probable that the removal 
of this evil alone would have done little to promote the 
increase of their population. 

But, with these exceptions, there are scarcely any 
females whose fecundity is prevented or diminished by 
promiscuous intercourse, except those unhappy indivi- 
duals whose only trade is prostitution. And they form 
so small a proportion of the population of the whole 
world that the check to population, occasioned by their 
uiifruitfulucss, may safely he disregarded. 

The only remaining check is abstinence from mar- 
riage. Our readers are of course aware that, by the 
word “ marriage,” we mean to express not the peculiar 
and permanent connection which alone, in a Christian 
Country, is entitled to that name, hut any agreement be- 
tween a man and woman to cohabit uuder circumstances 
likely to occasion the birth of progeny. We have already 
observed that ahstineuce from marriage is almost uni- 
formly founded on the apprehension of a deficiency of 
some of the things which we have denominated by the 
general term wealth, or, in other words, .on prudence. 
Some cases certainly occur in which men remain un- 
married, although ,their fortunes are so ample that the 
expenses of a family would be uuperceived. But the 
number of persons so situated is so small that they 
create an exception which would scarcely deserve atten- 
tion, even if this conduct were as common among them 
as it i9, in fact, rare. 

We shall scarcely, therefore, be led into error if, in 
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considering the preventive checks, we confine o llr at ten- Political 
tion to prudence, and assume that, as nothing l m t Economy, 
sical evil directly and immediately diminishes the ion- 
gevity of mankind, nothing but an appiehcnded deft- Po I*ulatiiii. 
ciency of some of the articles of wealth prevents their 
fecundity. 

But though an apprehended deficiency of some of the 
articles of wealth is substantially the only preventive 
check to the increase of population, it is obvious that 
fear of the want of different ai tides operates, with all 
men, very differently; and even that an apprehended 
want of the same article will aflect differently the minds 
of the individuals of different classes. An apprehended 
want of corn would produce on the minds of all Eng- 
lishmen a very different effect fiom an apprehended 
want of silk. An apprehended want of butcher's meat 
would affect very differently the minds of Englishmen 
of different classes. It appears to us, therefore, con- 
venient to divide for this purpose the articles of wealth 
into the three great classes of necessaries, decencies, 
and luxuries, and to explain the different effects pro- 
duced by the fear of the want of the articles of wealth 
lulling under each class. We must begin, however, by 
stating, as precisely as we can, what we mean by the 
words necessaries, decencies, and Injuries; lei ms which 
have been used ever since the Moral Sciences first at- 
tracted attention, but with little attention to precision or 
to consistent use. 

It is scarcely necessary to remind our readers that 
these are relative terms, and that some peison must 
always he assigned with reference to whom a given 
commodity or service is a luxury, a decency, or a 
necessary. 

By necessaries , then, we express those things, the 
vise oi which is requisite to keep a given individual in 
the health and strength essential to his going through 
his habitual occupations. 

Bv decincus, we express those things which a given 
individual must use in order to preserve his existing 
rank in society. 

Every thing else of which a given individual makes 
use, or, iu other words, all that portion of his consump- 
tion which is not essential lo lus health and strength, 
or to the preservation of his existing tank in society, 
we term luiury. 

It is obvious that when consumed by the inhabitants 
of dilfereut Countries, or even by different individuals 
in the same Country, the same things may be cither 
luxuries, decencies, or necessaries. 

Shoes are necessaries to all the inhabitants of Eng- 
land. Our hubits are such that there is not an indi- 
vidual whose health would not suffer from the want of 
them. To the lowest class of the inhabitants of Scot- 
land they are luxuries: custom enables them to go 
barefoot without inconvenience and without degrada- 
tion. When a Scotchman rises from the lowest to the 
middling classes of society, they become to him de- 
cencies. He wears them to preserve, not his feet, but 
his bluiiou in life. To the highest class, who have 
been accustomed lo them from infancy, they are as 
much necessaries as they are to all classes in England. 

To the higher classes in Turkey wine is a luxury and 
tobacco u decency. In Europe it is the reverse. The 
Turk drinks and the European smokes, not in obe- 
dience, but in opposition both to the rules «>/ health and 
to the forms of society. But wine ill Europe and the 
pipe iu Turkey are among the refreshments to which a 
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Political guest is entitled, and which it would be as itideceut to 
Economy. re f use the one Country as to offer in the other. 

It has been said that the coal-hcavers and lightermen, 
* * and some others among the hardworking London 

labourers, could not support their toils without the 
stimulus of porter. If this be true, porter is to them 
a necessary. To all others it is a luxury. A carriage 
is a decency to a woman of fashion, a necessary to a 
physician, and a luxury to a tradesman. 

The question, whether a given commodity is to be 
considered as a decency or a luxury, is obviously one 
to which no answer can be given, unless the place, the 
time, and the rank of the individual using it be 
specified. The dress which in England was only 
decent a huudred years ago, would be almost extrava- 
gant now, while the house and furniture which now 
would afford merely decent accommodation to a gentle- 
man, would then have been luxurious for a Peer. The 
causes which entitle a commodity to be called a neces- 
sary are more permanent and more general. They 
depend partly upon the habits in which the individual 
in question has been brought up, partly on the nature of 
his occupation, on the lightness or the severity of the 
labours and hardships that lie has to undergo, and 
partly on the climate in which he lives. 

Of these causes we have illustrated the two first by the 
familiar examples of shoes and porter. But the priuci- 
cause is climate. The fuel, shelter, and raiment, 
which are essential to a Laplander’* existence, would 
be worse than useless under the Tropics. And as 
habits and occupations are very slowly changed, and 
climate sutlers scarcely any alteration, the commodities 
which are necessary to the different classes of the in- 
habitants of a given district may, and generally do, re- 
main for centuries unchanged, while their decencies and 
luxuries are continually yarying. 

Among all classes the check imposed by an appre- 
hended deficiency of mere luxmies is but slight.. The 
motives, perhaps we might say the instincts, that 
prompt the human race to marriage, are too powerful 
to be much restrained by the fear ol losing conveniences 
unconnected with health or station in society. Nor is 
population much retarded by the fear of wanting mere 
necessaries. In comparatively uncivilized Countries, in 
which alone, as we have already seen, that want is of 
familiar occurrence, the preventive check lias little 
operation. They see the danger, but want prudence 
and self-denial to be influenced by it. On the other 
hand, among nations so far advanced in civilization as 
to be able to act on such a motive, the danger that any 
given person or his future family shall actually perish 
from indigence appears too remote to afford any gcncial 
rule of conduct. 

The great preventive check is the fear of losing de- 
ceucies, or, what is nearly the same, the hope to ac- 
quire, by the accumulation of a longer celibacy, the 
means of purchasing the decencies which give a higher 
social rank. When an Englishman stands hesitating- 
between love and prudence, a family actually starving is 
not among his terrors ; against actual want he knows 
that he has the fence of the poor-laws.* But, however 
humble his desires, he cannot contemplate without anxiety 
a probability that the income which supported his social 
rank, while single, may be insufficient to maintain it 
when he is married; that he may be unable to give to 
his children the advantages of education which he en- 
joyed himself; in short, that 1 e may lose his caste. Men 


of more enterprise arc induced to postpone marriage, not Politicul 
merely by the fear of sinking, but also by the hope that Economy, 
in an unincumbered state they may rise. As they mouut 
the horizon of their ambition keeps receding, until Po I )U lat*o“* 
sometimes the time has passed for realizing those plaus 
of domestic happiness which probably every man has 
formed in his youth. 

It is by this desire of decencies, as distinguished from 
necessaries, that long-settled civilized Countries are 
preserved from the evils of a population greatfy ex- 
ceeding the means of comfortable subsistence. There 
are few triter subjects of declamation than the con- 
trast between ancient simplicity and modern luxury. 

Few virtues, however useful, have received more ap- • 
plaus^ than the contented and dignified poverty, the 
indifference to display and the abstinence from unne- 
cessary expense, which all refined nations attribute to 
their ancestors. Few vices, however mischievous, have 
been more censured than the ostentatious expenditure 
which every succeeding generation seems to consider its 
own characteristic. 

It certainly seems at first sight that habits of unneces- 
sary expenditure, ns they have a tendency to diminish 
the wealth of an individual, must have the same effect 
on the wealth of a nation. And, separately considered, 
it appears cleur that each act of unproductive consump- 
tion, whatever gratification it may afford to the con- 
sumer, must, pro tan to , impoverish the community. 

It is so much taken from tiie common stock and de- 
stroyed, And as the national capital is formed from 
the aggregate savings of individuals, it is certain 
that if each individual were to expend to the utmost 
extent of Ins means the whole capital of the Country 
would be giadually wasted away, and general misery 
would be the result. But it appears equally ceitain 
tlmt if each individual vveie to confine his expenditure 
to mere necessaries, the result would be misery quite as 
general and as intense. 

We have seen that the powers of population, if not 
restrained by prudence, must inevitably produce almost 
every form of moral and physical evil. In the case which 
we are supposing, the wants of society would be confined 
to the food, raiment, and shelter essential to the support 
of existence; and they would all consist of the cheapest 
materials. At present, among civilized nations, the cul- 
tivation of the land employs only a portion of its inhabit- 
ants, and, generally speaking, as a nation increases in 
wealth, a smaller and smaller proportion; in England 
not one third; and a great ’part of the labourers so 
employed are producers of luxuries. Indeed, as po- 
tatoes afford a food five or six times as abundant as 
corn, ami more than twenty times as abundant as 
meat, and, as fur as can be judged by the appear- 
ance and powers of the lower Irish, quite as whole- 
some, meat and corn may be considered luxuries, 
to the extent in which they are more expensive than 
potatoes. Nor, consistently with the existence of private 
property, and of the desire of wealth, can the mode of 
cultivation be directed to the obtaining the largest pos- 
sible return. * The object is to obtain the largest return 
that is consistent with profitable farming, but, in the 
pursuit of this object, quantity of produce must often be 
sacrificed to economy of labour or time. 

If there were no desire for any thing beyond necessaries, 
both the existing partition of the land, and the exiting 
division of labour, would be varied. No family would 
wish to occupy more land than the small plot necessary to 
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Political afford them potatoes and milk. Supposing them to give 
Economy. to „t m ost nicety of garden cultivation, its inanage- 
ment would still leave them time to produce the coarse 
opu a ion. Inanu |* ac t urcs necessary for their own use. The whole of 
the population would be agricultural. 761,348 families 
so employed at present in England, although their labour 
is far from being directed to the production of the 
greatest possible amount, provide, without much assist- 
ance from importation, subsistence for the whole of our 
2,745,336 families. If all were so employed, and if 
quantity of produce were their sole object, it is 
probable that in ordinary seasons the soil of Eng- 
land, instead of fifteen millions, could feed at least 
sixty millions of people; and that of Europe, instead 
of two hundred, eight hundred millions. And that, in 
the absence of any checks mort» powerful than those 
experienced in the United States of America, the popu- 
lation of Europe might in fifty years amount to eight 
hundred millions. Indeed it is probable that, under the 
circumstances which wc are supposing, the increase in 
Europe would be for a considerable time rather more 
rapid than that which has taken place in America. Pre- 
ventive checks would not exist ; marriages could not he 
hindered or even delayed by prudence, since there could 
be no reason to anticipate want; the habit of early 
marriages would put an end to profligacy ; and, as all 
our habits would be eminently heulthy, the positive 
checks would be reduced to their minimum. 

So far the picture is rather pleasing; it exhibits a 
state of society, not rich certainly, nor refined, but sup- 
porting a very numerous population in health ami 
strength, and in the full enjoyment of the many sources 
of happiness connected with early marriage. Hut it is 
obvious that this could not last for ever ; it could not last 
indeed for two hundred and filly years. By that time 
the population of Europe would amount to above three 
million millions ; a number which the wildest imagina- 
tion cannot conceive capable of existing simultaneously 
in the whole earth. 

Sooner or later, therefore, the increase must be checked ; 
and we have seen that prudence is the only check that 
does not involve vice or misery. But such is the force 
of the passions which prompt to marriage, and such is 
each man’s reliance on his own good conduct and good 
fortune, that the evils, whatever they may be, the appre- 
hension of which forms the prudential check, are fre- 
quently incurred. Where that evil is the loss of luxuries, 
or even of decencies, it is trifling in tho first case, ami 
bearable in the second. But, in the case which we are 
supposing, the only prudential check would be an appre- 
hended deficiency of necessaries ; and that deficiency, 
in the many instances in which it would actually be 
incurred, would be the positive check in its most flight- 
ful form. It would be incurred not only in consequence 
of that miscalculation of chances to which all men are 
subject, and certainly those not the least so who are 
anxious to marry, but through accidents against which 
no human prudence can guard. A single bad harvest 
may be provided against, but a succession of unfavour- 
able seasons (and such successions do occur) must reduce 
such u people to absolute famine. When such seasons 
affect a nation indulging in considerable superfluous ex- 
penditure, they are relieved by a temporary sacrifice of 
that superfluity. The grain consumed in ordinary years 
by our breweries and distilleries is a store always at 
band to supply a scarcity, and the same may he said of 
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the large quantity of food raised for the. support of Political 
domestic animals, but applicable to human subs istene. Economy. 
To these resources may be added the importation from 
abroad of necessaries instead of luxuries ami the mate- Population, 
rials of luxury, of corn, for instance, instead of wine. 

It may be said however, and indeed it has been said, 
that while the globe remains in its present irregularly 
occupied and irregularly cultivated state, emigration 
affords to all comparatively thickly-peopled nations a 
resource so ample and so easy as to reuder eveiy pruden- 
tial check to population unnecessary. 

It is obvious that if capital and skill equal to those 
bestowed on the best parts of Flanders, or of the 
Scotch Lowlands, could he applied to the whole 
habitable world, a population ten times, perhaps 
one hundred times, perhaps even five hundred times 
as large could he maintained, as well, perhaps far 
better, than the one thousand millions now supposed 
to exist on its surface. It is possible, we will not say 
even that it is improbable, that in the course of centuries, 
or rather ofhuudrcds of centuries, these splendid visions 
may be realized. But all experience shows that no 
numerous ami civilized nation, surrounded by other civi- 
lized nations, can venture to rely on emigration as a 
permanent and adequate check to population. We say 
no numerous and civilized nation surrounded by other 
civilized nations *, for we are aware that the hordes ot 
Central Asia and of the Northern parts of Europe, and 
the surplus inhabitants of some small communities, such 
as the petty States of ancient Greece and Phoenicia, 
appear to have found, the one in colonization, the others 
in armed migrations, a periodical outlet ; and that the 
Americans of European descent have enjoyed for cen- 
turies, and for centuries to come may enjoy, in the 
immense continent behind them, room for as rapid an 
increase of their numbers as the -most unchecked propa- 
gation can supply. But these arc not examples which 
Europe, as now constituted, can imitate. When all the 
land frontier is appropriated, — when invasion for the pur- 
pose of settlement is impossible, ami the solitary tra\cller 
is repelled by a different language, different laws, diffe- 
rent arts, and often a different religion, — when the other 
alternative is an expensive and distant \oyage, and 
either an unsettled, and therefore in general au unwhole- 
some country, or equal obstacles from variations of 
laws, language, religion, and arts, in a previously settled 
district, — when these are the difficulties to be encountcied, 
no extensive and systematic emigration will be persisted 
in. Even the different parts of the same empire afford 
little assistance to one another, if difference of language, 
or habits, or considerable distance be interposed. Tnc 
Austrian dominions contain some of the most thinly ami 
some of the most thickly peopled portions of Europe ; 
but Hungury is uot colonized from the plains of Lom- 
bardy. If any European nation could hope to make 
emigration a complete substitute for prudence, that hope 
might be entertained by the inhabitants of the British 
Islands. We have the command of unoccupied c.mfi- 
neutsin each hemisphere, the largest navy that the world 
ever saw to convey us to them, the larger capital that 
ever has been accumulated to defray the expense, and a 
population remarkable not merely for enterprise, but for 
enterprise of this particular description. These advan- 
tages we have enjoyed for centuries ; almost from the 
times of the Tudors we have possessed a large outskirt 
of empire far exceeding in extent our European posses- 
x 
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Political sions. And yet during this long period how little effect 

Economy. j lag em ig ra ^ ou produced on our numbers ! The swarms 

iCuilation w ^* c ^ we ^ ave sent ol| l* and which wc now send out, 

* seem to be instantaneously replaced. We have founded 
one empire, and probably shall found many ; but, after 
once u colony has been planted, its principal increase 
arises, not from the comparatively scanty recruits whom 
it receives from home, but from the unrepressed force of 
human fecundity. 

In a future portion of this Treatise we shall explain 
with more detail the causes which impede emigration ; at 
present we shall only repeat that all experience shows 
its inability to keep down the population of any large, 
well peopled, and tolerably civilized Country, such as 
Europe, China, or Hindustan. It appears, therefore, 
that habits of prudence in contracting marriage, and of 
considerable superfluous expenditure, afford the only 
permanent protection against a population pressing so 
closely on the means of subsistence as to be continually 
incurring the misery of the positive checks. And as 
the former habits exist only in a civilized, and the hitler 
only in an opulent society, it appears equally clear that, 
as a nation advances in civilization and opulence, the 
positive checks are likely to he superseded by the pre- 
ventive. If this be true, the evil of a redundant popu- 
lation, or, to speak more intelligibly, of a population too 
numerous to be adequately and regularly supplied with 
necessaries, is likely to diminish iu the progress of im- 
provement. As wealth increases, what were the luxuries 
of one generation become the decencies of their succes- 
sors. Not only a taste for additional comfort and con- 
venience, hut a feeling of degradation in their absence, 
becomes more and more widely diffused. The increase 
in many respects of the productive powers of labour 
must enable increased comforts to be enjoved by in- 
creased numbers; and as it is the more lieiietieial, so it 
appears to be the more natural emu sc of events that 
increased comfort should not only accompany but rather 
precede increase of numbers. 

But although vve believe that, as civilization advances, 
the pressure of population on subsistence is a decreasing* 
evil, we are fur from denying the prevalence of this pres- 
sure in all long-settled Countries ; indeed in all Countries 
except those which are the seats of colonics applying the 
knowledge of an old Country to ail unoccupied territory. 
We believe that there are few portions of Europe the inha- 
bitants of which would not now be richer if their numbers 
were fewer, aud would not he richer hereafter if they 
were now to retard the rate at which their population is 
increasing. No plan for social improvement can lie 
complete unless it embrace the means both of increasing 
the production of wealth and of preventing population 
from making a proportionate advance. The former is 
to be effected by legislative, the latter by individual pru- 
dence and forethought. The former must be brought 
about by the governing classes of society ; the latter de- 
pends almost entirely on the lower. As a means of 
improvement, the latter is, on the whole, more efficient. 
It may be acted upon or neglected by almost every one. 
But, in the present state of public opinion and of com- 
mercial and fiscal policy in Europe, perhups a greater 
progress may be made by insisting on the former. The 
statesman who neglects either considers only a portion 
of the subject. 

But we must admit that ours are not the received 
opinions ; or perhaps we ought to say, that our state- 


ment is opposed, on the one side or on the other, to the Political 
language used by almost every wiiter who has directly ^ cuaoroy* 
treated the subject of population. Almost every Econo- 
mist will be found, in that part of his writings iu which * 
what has been called the principle of population is the 
immediate and principal question considered, to range 
himself under one of two hostile banners, each opposed 
not only to the other, but also to the doctrines which 
we have endeavoured to explain. -On one side are 
those who believe that an increase of numbers is neces- 
sarily accompanied not merely by a positive, but by a 
relative increase of productive power; that density of 
population is the cause and the test of prosperity ; and 
that, u were every nation under the sun to be released 
from «all the natural and artificial checks oil their in- 
crease, and to start off breeding at the fastest possible 
rate, many, very many generations must elapse before 
any necessary pressure could be felt.” * 

On the other side are those who maintain that popu- 
lation has a tendency (using the word tendency to 
express likelihood or probability) to increase beyond the 
means of subsistence ; or, in other words, that, whatever 
be the existing means of subsistence, population is likely 
fully to come up to them, mid even to struggle to pass 
be) und them, and is kept back principally hy the vice 
and misery which that struggle must produce. 

The whole of our previous remarks afford ail answer 
to the first mentioned class of writers. We shall not 
therefore recur to them. The opinions of the other class 
we shall consider at some length: and we will begin by 
the following quotations from AI r. M‘Culloch, Mr. 

Mill, and \lr. Maltlms. 

Among the valuable notes which Mr. MT’ulloch has 
appended to his edition of the Wealth of Nations, one of 
the most iutei citing treats of population; and one of 
the objects ot that note is to show that the population 
of the 12 iiilcd States of Ameiica cannot continue to 
increase for any very considerable period at the rate at 
which it has increased during the last hundred jears. 

We are perfectly convinced of the correctness ot this 
anticipation; and wc make the following extract not 
with any intention to oppose Mr. M'C'ulloch’s opinions 
as to America, but because we are anxious to express 
our dissent to the form iu which lie lays down the 
gene) al doctrine of population. 

“ It may be said perhaps,” says Mr. M'CulIoch, “ that 
allowance must be inude for the effects of the improve- 
ments which may be supposed to take place in agrietil- 
tural science in the progress of society, or the possible 
introduction, uL some future period, of new aud more 
prolific species of crops. But it is easy to see that the 
influence of such improvements and ehanges must, sup- 
posing them to be realized iu the fullest manner, be of 
very temporary duration ; and that it cannot affect the 
truth of the principle, that the power of increase in the 
human species must always , in the long run , prove an 
overmatch for the increase in the means of subsistence . 

Suppose by some extraordinary improvement the quan- 
tity of food end other articles required for the subsist- 
ence and accommodation of man annually produced iu 
Great Britain were suddenly doubled ; the condition of 
all classes being in consequence signally improved, 
there would be less occasion for the exercise of moral 


* Scrope, Principles of Political Economy, 1833, p. 276. 
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Political restraint; the period of marriage would therefore be 
Economy, accelerated, and such a powerful stimulus would be given 
to the principle of increase, that in a very short period 
Population. / fa, population would, he again on a level with the means 
of subsistence; and there would also, owing to the 
change that must have been made in the habits of the 
people with respect to marriage, during the period that 
the population was rising to the level of the increased 
supply of food, be an extreme risk lest it should become 
too ubundant, and produce an increased rate of mor- 
tality. Although, therefore, it is not possible to assign 
* any certain limits to the progress of improvement, it is 

notwithstanding evident that it cannot continue for any 
considerable period to advance in the same proportion 
that population would advance supposing food, were 
abundantly supplied. The circumstance of inferior 
lands, which require a greater outlay of capital and 
labour to make them yield the same supply as those 
that are superior, being invariably taken into cultivation 
in the progress of society, demonstrates, what is other- 
wise indeed sufficiently obvious to e\ery one, that, in 
despite of improvements, the difficulty of adding to the 
supplies of food is progressively augmented as popula- 
tion becomes denser/' 

Mr. Mill’s views are to be found in his discussion 
of wages. Principles^ & c., ch. ii. s. 2. “ If it were,” he 

observes, “ the natural tendency of capital (by which 
term Mr, Mill designates the instruments of labour, the 
materials on which they are to be employed, when pro- 
duced by labour, and the subsistence (if the labourer) 
to increase faster than population, thoio would lie no 
difficulty in preserving the prosperous condition of the 
people. If, on the other hand, it were the natural tend- 
ency of population to increase faster than capital, the 
difficulty would be very great. There would be a per- 
petual tendency in wages to fall ; the progressive fall of 
wages would produce a greater and a greater degree of 
poverty among the people, attended with its inevitable 
consequences, misery ami vice. As poverty, and its 
consequent misery, increased, mortality would also in- 
crease : of a numerous family born, a certain number 
only, from want of the means of well being, would be 
reared. By whatever proportion the population tended 
to increase faster than capital, such a proportion of those 
who were born would die; the ratio of increase in 
capital and population would then remain the same, 
and the fall of wages would proceed no further. That 
population has a tendency to increase faster than, in 
most places, capital has actually increased, is proved 
incontestably by the condition ol the population in most 
parts of the globe. In almost all Countries the condi- 
tion of the great body of the people is poor and misera- 
ble. This would have been impossible, if capital had 
increased faster than population. In that case wages 
must have risen; and high wages would have placed 
the labourer above the miseries of want. This general 
misery of mankind is a fact which can be accounted 
for upon one only of two suppositions: either that 
there is a natural tendency in population to increase 
faster than capital, or that capital has, by some means, 
been prevented from increasing so fast as It has a tend- 
ency to increase. This, therefore, is an inquiry of the 
highest importance/’ 

As the result of that inquiry, Mr. Mill decides the 
second alternative in the negative; and consequently 
conceives himself to have established the former, namely, 


that there is a natural tendency in population to increase Political 
faster than capital. Economy. 

Mr. Mallhus’s opinions appear to have been con- 
siderably modified during the course of his long and l *°l ,ulatioiu 
brilliant philosophical career. In the first edifion of 
his great Work the principle of population was repre- 
sented as an insurmountable obstacle to the permanent 
welfare of the mass of mankind. And e\en in the last 
edition the following passages are open to the sume 
construction 

<4 There are few States in which there is not a con- 
stant effort in the population to increase beyond the 
means of subsistence. This constant effort as constantly 
tends to subject the lower classes of society to disticss, 
and to present any great permanent amelioration of 
their condition. These effects, in the present state of 
society, scent to he produced in the following maimer: 

• — We will supjxisc the means of subsistence in any 
Country to be just equal to the easy support of its in- 
habitants. The constant effort towards population, 
which is found to act even in the most vicious societies, 
increases the number of people before the means of 
subsistence are increased. The food, therefore, which 
before supported eleven millions, must now be divided 
between eleven millions and a half! The poor conse- 
quently must live much worse, and many of them 
be reduced to severe distress. The number of labourers 
aUo being above the proportion of work in the nmiket, 
the price of labour must tend to fall, while the pi ice of 
provisions would at the same time tend to rise. The 
labourer therefore must do more work to earn the same 
as he did before. Duiing this season of distress the 
discouragements to marriage and the difficulty of 
rearing a family are so great that the progress of 
population is retarded. In the mean time, the cheap- 
ness of labour, the plenty of laboureis, and the 
necessity of un increased industry amongst them, en- 
courage cultivators to employ more labour upon their 
land, to turn up flesh soil, and to manure and improve 
more completely what is already in tillage, till ulti- 
mately the means of subsistence may become in the 
same proportion to the population as at the period 
from which we set out. The situation of the labourer 
being then again tolerably comfortable, the restraints to 
population are in some degree loosened ; and after a 
short period the same retrograde and progressive move- 
ments, with respect to happiness, are repeated.” Popu- 
lation t book i. chap. 2. “ According to the principle ol 
population, the human race has a tendency to increase 
faster than food. It has, therefore, a constant tendrmy 
to people a Country fully up to the limits of subsist- 
ence ; meaning, by these limits, the lowest quantity of 
food which will maintain a stationary population/’ 

Book iii. chap. i. note. 

But when the opposite doctrine, namely, that, in the 
absence of disturbing causes, subsistence is likclv to 
increase more rapidly than population, was brought 
before him by Mr. Senior, he appears to have disavowed, 
we will not say his former expressions, but the infer- 
ences to which they lead. 

“The meaning,” says Mr. Malthus, “which I in- 
tended to convey bv the expression to which you ob- 
ject” (that population has a tendency to increase 
faster than food) “was, that population was always 
ready and inclined to increase faster than food, if the 
checks which repressed it were removed; aiul that 
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Political though these checks might be such as to prevent popu- 
» lation from advancing upon subsistence, or even to keep 

Population. a S realcr distance behind, yet that, whether popu- 
lation were actually increasing faster than food, or food 
faster than population, it was true that, except iu new 
colonics, favourably circumstanced, population was 
always pressing against food, and was always ready to 
start off at a faster rate than that at which the food was 
actually increasing." 

“ We are quite agreed that, in the capacity of reason 
and forethought, man is endowed with a power naturally 
calculated to mitigate the evils occasioned by the pressure 
of population against food. Wc are further agreed that, 
in the progress of society, as education and knowledge 
are extended, the probability is that these evils will 
practically he mitigated, and the condition of the labour- 
ing classes be improved/** 

So explained, Air. Malthtis’s opinions are opposed to 
the expressions of Mr. Mill and Mr. M'CulIoch; his admis- 
sion that, '* in the progress of society, the probability is 
that the evils occasioned by the pressure of population 
against food will be mitigated,’* is opposed to Mr. M'Ciil- 
loch’.s statement, “ that the power of increase in tile 
human species must always in the long run prove an 
overmatch for the increase in the means of subsistence ;** 
and to Mr. Mill’s, “that the tendency of popula- 
tion to increase faster than, in most places, capital has 
actually increased, is proved incontestably by the condi- 
tion of the population in most parts of the globe." 
Archbishop Whately, with his usual acuteness, has in 
the following passage traced the question to a verbal 
ambiguity. 

4 ‘ The doctrine, that, since there is a tendency in popu- 
lation to increase faster than the means of subsistence, 
hence the pressure of population against subsistence may 
be expected to become greater and greater iu each succes- 
sive generation, (unless new and extraordinary remedies 
are resorted to,) and thus to produce a progressive dimi- 
nution of human well.* re — this doctrine, which some main- 
tain in defiance of the fact that all civilized Countries 
have a greater proportionate amount of wealth now 
than formerly, may he traced chietly to an undetected 
ambiguity in the word * tendency,* which forms a part 
of the middle term of the argument, By a ‘tendency* 
towards a certain result is sometimes meant, the exist- 
ence of a cause which, operating unimpeded, would 
produce that result. In this sense it may be said, with 
truth, that the earth, or any other body moving round a 
centre, has a tendency to fly off at a tangent ; (/. e.) the 
centrifugal force operates iu that direction, though it is 
controlled by the centripetal ; or, again, that man has a 
greater tendency to fall prostrate than to stand erect ; 
(/, c.) the attraction of gravitation and the position of 
the centre of gravity arc such that the least breath of air 
would overset him, but for the voluntary exertion of 
muscular force : and, again, that population has a tend- 
ency to increase beyond subsistence; (/. c.) there are in 
man propensities which, if unrestrained, lead to that 
result. 

“ But sometimes, again, ‘ a tendency towards a certain 
result’ is understood to mean ‘ the existence of such a 
state of things that that result may l>e expected to take 
place.* Now it is in these two senses that the word is 
used, in the two premises of the argument in question. 
Butin this latter sense, the earth has a greater tendency 


to remain in its orbit than to fly off from it; man has a Political 
greater tendency to stand erect than to fall prostrate ; and Economy, 
(as may be proved by comparing a more barbarous with 
a more civilized period in the history of any Country) iu Population, 
the progress of Society, subsistence has a tendency to 
increase at a greater rate than population. In this 
Country, for instance, much as our population has in- 
creased within the lust live centuries, it yet bears a far 
less ratio to subsistence (though still a much greater 
than could be wished) than it did five hun fired years 
ago."* 

It is obvious that if the present state of the world, 
compared witli its state at our earliest records, be one of 
relative poverty, the tendency of population to increase 
more* rapidly than subsistence must be admitted. If 
the means of subsistence continue to bear precisely 
the same proportion to the number of its inhabitants, it 
is clear that the increase of subsistence and of numbers 
has been equal. Jf its means of subsistence have in- 
creased much more than the number of its inhabitants, 
it is clear not only that the proposition in question is false, 
but that the contrary proposition is true, and that the 
me ins of subsistence have a natural tendency (using 
these words as expressing what is likely to take place) 
to increase faster than population. Now what is the 
picture presented by the earliest records of those na- 
tions which arc now civilized, or, which is the same, 
what is now the state of savage nations? — a state of 
habitual poverty and occasional famine. A scanty popu- 
lation, !>nl still scantier means of subsistence. Admit- 
ting, and it muM be admitted, that in almost all Coun- 
tries tb,» condition of the great body of the people is 
poor and miserable, vet, us poverty and misery were their 
original inheritance, what inference can we draw from 
the continuance of that misery as to the tendency of 
their numbers to increase more rapidly than their wealth? 

But if a single Country can be found in which there 
is now less poverty than is universal iu a savage state, 
it must be true that, under the circumstances iu which 
that Country has been placed, the means of subsistence 
have a greater tendency to increase than the population. 

Now this is the case in every civilized Country. Even 
Ireland, the Country most likely to afford an in- 
stance of what has been called the tendency of 
things, poor and populous as she is, suffers less from 
want with her eight millions of people than when her 
only inhabitants were a few septs of hunters and fishers. 

In our own early history, famines, and pestilences, the 
consequences of famine, constantly recur. At present, 
though our numbers are trebled or quadrupled, they arc 
unheard of. 

The United States of America afford the best ascer- 
tained instance of great and continued increase of num- 
btr*. They have afforded a field in which the powers 
cf population have been allowed to exhaust their energy ; 
but, though exerted to their utmost, they have not as yet 
equalled the progress of subsistence. Whole colonies 
of the first settlers perished from absolute want ; their 
successors struggled long against hardship and priva- 
tion ; but every increase of their number seems to have 
been accompanied or preceded by increased means of 
support. If it be conceded that there exists iu the hu 
man race a natural tendency to advance from barbarism 
to civilization, and that the means of subsistence are 
proportionality more abundant in a civilized than in a 


Jvyt’ndix to Suniui’a Lectio es on reputation , p. (>1—82. 
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Political sa voge state, and neither of these propositions can he 
Economy. f | cn j ec j j *, t m ust follow that there is a natural tendency 
* n subsistence to increase in a greater ratio than popu- 
1 on ' lation. 

But although Mr. Malthus himself, in his earlier 
publications, has perhaps fallen sometimes into the 
exaggeration which is natural to a discoverer, the error, 
if he has committed one, does not affect the practical 
conclusions which place him, as a benefactor to man- 
kind, on a level with Adam Smith. Whether, in the 
absence of disturbing causes, it be the tendency of sub- 
sistence or of population to advance with greater rapidity, 
# is a question of slight importance, if it be acknowledged 
that human happiness or misery depend principally on 
their relative advance, and that there arc causes, and 
causes within human control, by which that advance 
can be regulated. These are propositions which Mr. 
Malthus has established by facts and reasoning which, 
opposed as they were to long-rooted prejudice, and 
assailed by every species of sophistry and clamour, are 
now admitted by the majority of reasoners, and even 
by a Jorge majority of those who take their opinions 
upon trust. 9 

To explain what are the causes of the relative increase 
of subsistence and population is rather the business of a 
writer on politics than of a Political Economist. At pre- 
sent we will only say that knowledge, security of property, 
freedom of internal and external exchange, and equal 
admissibility to rank and power, are the principal causes 
which at the same time promote the increase of sub- 
sistence, and, by elevating the character of the people, 
lead them to keep at a slower rate the increase of their 
numbers. And that restrictions on exchange and com- 
merce, artificial barriers excluding the great majority of 
the community from the chance of social eminence, and, 
above all, ignorance, and insecurity of poison and pro- 
perty, are the general causes which both diminish the 
productiveness of labour, and tend to produce that brutal 
state of improvidence in which the power of increase, 
unchecked by prudence, is always struggling to pass the 
limits of subsistence, ami is kept down only by \ice and 
misery. We use the expression general causes, to ex- 
clude those causes which, being peculiar to certain na- 
tions, require separate consideration. Such are the 
superstitious desire of offspring in China, the political 
inoti\es which formerly occasioned the creation of free- 
holders in Ireland, and the administration of the poor 
laws in some parts of England. But, omitting these 
details, it may be generally stated that all that degrades 
the character, or diminishes the productive power of a 
people, tends to diminish the proportion of subsistence to 
population, and vice I'crsd, And consequently that a 
population increasing more rapidly than the means of 
subsistence is, generally speaking, a symptom of mis- 
government indicating deeper-seated evils, of which it is 
only one of the results. 

And, notwithstanding the passages which we have 
cited, we believe these to be also the opinions of Mr. 
Mill and of Mr. M'Cnlloch. We believe *that neither 
of these eminent writers doubts that the situation of the 
inhabitants of Europe has been gradually improving 
during the last 500 years. We believe that neither of 
them considers the improvement as having reached its 
limit, or as having any definite limit whutever. AVhen 
they speak of the probable destinies of mankind, they 
teach the same doctrine as ourselves. It is only when 
separately discussing the subject of population that they 


have used the language to which we have ventured to Political 
object. We believe that they have used it without Economy, 
being misled by it themselves, and, perhaps on that v “ - 
very account, without percci\ing its tendency to mislead 
others. But that those whose acquaintance with Poli- 
tical Economy is superficial (and they form the great 
mass of even the educuted classes) have been misled 
by the form in which the doctrine of population has 
l>een expressed appears to us undeniable. When such 
persons are told that “ it is the tendency of the human 
race to increase faster than food” — “ to people a country 
fully up to the means of subsistence," they infer that 
what has a tendency to happen is to be expected. Be- 
cause additional population may bring poverty, they 
suppose that it necessarily will do so : because increased 
means of subsistence may be followed and neutralized 
by a proportionate increase in the number of persons to 
be subsisted, they suppose that such trill necessarily he 
the case. Ami unhappily there are many whom indo- 
lence, or selfishness, or a turn to despondency, make 
ready recipients of such a doctrine. It furnishes an easy 
escape from the trouble or expense implied by every 
project of improvement. 4t What use would it be, M 
they a^k, 1% to promote an extensive emigration? the 
whole vacuum would he immediately filled up by the 
necessary increase of population. Why should wc alter 
the Corn Laws? If food were lor a time more abundant, 
in a very short period the population would he again 
on a level icilh the means of subsistence, and we should 
be just as ill olfas before.” 

There are many also, particularly among tlio^e who 
reason rather with their hearts than their heads, who 
ore unable to assent to these doctrines, and yet belie,\c 
them to be among the admitted results of Political 
Economy, Such persons apply to the whole Science the 
argumentum ab absurdn; and, instead of inquiring into 
the accuracy of the reasoning, refuse to examine the 
premises from which such objectionable conclusions are 
inferred. 

It is heeause we believe these misconceptions to be 
extensively prevalent that we have ventured to detain 
our readers by this long discussion. A discussion which 
some may think a mere dispute aboul the more conve- 
nient use of a word, and others an attempt to prove a 
self-evident fuct. 

Production . 

Having explained the sense in which wc use the word lVd ot on. 
wealth, and given an outline of the doctrine of popula- 
tion, we now proceed to consider production, or the 
means by which wealth is produced. The first terms 
to be defined are the verb produce , and the substanthe 
product . 

To produce , as far as Political Economy is concerned, 
is to occasion an alteration in the canditim of then - 
isting particles of matter, for the occasioning of u'i/r It 
alteration , or for the things thence resulting, som thing 
may be obtained in exchange. This alteration is ;i 
product. It is scarcely necessary to remind mir readers 
that matter is susceptible neither of increase nor dimi- 
nution, and that all which man or any other agent 
of which we have experience can effect, is to alter 
the condition of its existing particles. But as Political 
Economy treats only of wealth, and therefore only 
of those alterations of which wealth is the icsult, we 
are forced to exclude all other alterations from the 
definition of products. Tlic child wfio builds a castle 
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Political with sand on tiie shore, and the child who kicks it 
Kconuiny. down, each occasions effects the same in kind as the man 
who builds or pulls down a palace ; but as the exertions 
Production, 0 y ^ j altcr en title him to be paid, he is properly said 
to produce , and the result of his conduct, whether it be 
the covering 1 with buildings ground previously unoccu- 
pied, or rendering vacant what was previously built 
over, is properly called a product. 

Products have been divided into material and im- 
material, or, to express the same distinction in dif- 
ferent words, into commodities and services. This 
distinction appears to have been suggested by Adam 
Smith’s well-known division of labour into produc- 
tive and unproductive. Those who thought the prin- 
ciple of that division convenient, feeling at the same 
time the difficulty of terming unproductive the labour 
without which all other labour would be inefficient, in- 


vented the term services, or immaterial products, to 
express its results. 

It appears to us, however, that the distinctions that 
have been attempted to be drawn between productive 
ami unproductive labourers, or between the producers of 
material and immaterial products, or between commo- 
dities and services, rest on differences existing not in the 
things themselves, which are the objects considered, but 
in the modes in which they attract our attention. In 
those cases in which our attention is principally called 
not to the act of occasioning the alteration, but to the 
result of that act, to the thing altered. Economists have 
termed the person who occasioned that alteration a pro- 
ductive labourer, or the producer of a commodity or 
material product. Where, on the other hand, our atten- 
tion is principally called not to the thing altered, but to 
the act of occasioning that alteration, Economists have 
termed the person occasioning that alteration an unpro- 
ductive labourer, and his exertions service*, or imma- 
terial products. A shoemaker alters leather and thread 
and wax into a pair of shoes. A shoeblack alters a 
dirty pair of shoes into a clean pair. In the first 
case our attention is called principally to the things as 
altered. The shoemaker, therefore, is said to make or 
produce $hoo««. In the case of the shoeblack, our at- 
tention is called principally to the act ns performed. 
He is not said to make or produce the commodity, clean 
shoes, but to perform the service of cleaning them, (n 
each case there is of course an act and a result ; but in 
the one case our attention is called principally to the 
act, in the other to the result. 

Among the causes which direct our attention princi- 
pally to the ur/, or principally to the remit , seem to be, 
first, the degree of change produced; and secondly, the 
mode in which the person who benefits by that change 
generally purchases that benefit. 

1. Where the alteration is but slight, especially if the 
thing that has been subjected to alteration still retains 
the B&me name, our attention is directed principally to 
the act. A cook is not said to make roast beef, but to 
dre& lit; but he is said to make a pudding, or those 
more elaborate preparations which we. call made, dishes. 
The change of name is very material : a tailor is said 
to make cloth into a coat ; a dyer is not said to make 
undyed cloth into dyed cloth. The change produced by 
the dyer is perhaps greater than that produced by the 
tailor, but the cloth in passing through the tailor’s 
hands changes its name ; in passing through the dyer’s 
it does not : the dyer has not produced a new name , 
nor, consequently, in our minds, a new thing. 


The principal circumstance, however, is the mode iu Political 
which the payment is made. In some cases the pro- Economy, 
ducer is accustomed to sell, and we are accustomed to 
purchase, not his labour, but the subject on which that rru uctK,IU 
labour has been employed ; as when we purchase a wig 
or a chest of medicine. In other cases, what wc buy is 
not the thing altered, but the labour ot altering it, as 
when we employ a hnircutter or a physician. Our 
attention in all these cases naturally fixes itself on the 
thing which we arc accustomed to purchase ; and accord- 
ing as we arc accustomed to buy the labour, or the thing 
on which that lahour has been expended, — as we are, in 
fact, accustomed to purchase a commodity or a service, 
we consider a commodity or a service as the thing pro- 
duced. The ultimate object both of painting and of 
acting is the pleasure derived from imitation. The 
means adopted by the painter and the actor are the 
same in kind. Each exercises his bodily organs, but 
the painter exercises them to distribute colours over a 
canvass, the actor to put himself into certain attitudes, 
and to utter certain sounds. The actor sells his exer- 
tions themselves. The painter sells not his exertions, 
but the picture on which those exertions have been em- 
ployed. The mode in which their exertions are sold 
constitutes the only difference between menial servants 
and the other labouring classes : a servant who carries 
coal from the cellar to the drawing-room performs pre- 
cisely the same operation as the miner who raises them 
from the bottom of the pit to its mouth. But the con- 
sumer pays for the coals themselves when raised and 
received into his cellar, and pays the servant for the 
act of bringing them up. The miner, therefore, is said 
to produce the material commodity, coals ; the servant 
the immaterial product, or service. Both, in fact, pro- 
duce the same tiling, an alteration in the condition of 
the existing particles of matter ; but our attention is 
fixed in the one case on the act, in the other on the 
result of that act. 

Jn the ruder states of society almost all manufac- 
tures arc domestic : the Queens and Princesses of heroic 
times were habitually employed in overlooking the la- 
bours of their maidens. The division of labour has 
banished from our halls to our manufactories the distaff 
and the loom ; and, if the language to which we have 
been adverting were correct, the division oflabour must 
be said to have turned spinners and weavers from un- 
productive into productive labourers; from producers of 
immaterial services into producers of material commo- 
dities. 

But objecting as we do to a nomenclature which 
should consider producers as divided, by the nature of 
their products, into producers of services and producers 
of commodities, we are ready to admit the convenience 
of the distinction between services and commodities 
themselves, and to apply the term service, to the act of 
occasioning an alteration in the existing state of things, 
the tevm commodity to the thing as altered ; the term 
product including both commodities and services. 

It is to betnbservcd that, in ordinary language, u person 
is not said to produce a thing unless he lias employed 
himself for that especial purpose. If an English oyster- 
fisher should meet with an oyster containing a pearl, 
he would be called not the producer of the pearl, but its 
casual finder. But a Ceylon oyster- fisher, whose trade 
is to fish for pearl oysters, is called a producer of pearls. 

The mere existence, of the pearls is in both cases owing 
to the agency of nature ; their existence as articles of 
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Political value is in both cases owing to the agency of the fisher 
Economy, in removing them from a situation in which they were 
valueless. In the one case he did this intentionally, in 
Production other accidentally. Attention is directed in the one 
and con- ca9e t() ^ agency, and he is therefore called the producer 
sump ion. ^ ] n tj ie other case it is directed to the 

agency of nature, and he is called only the appropriator. 
But it appears to us the more convenient classification, 
for scientific purposes, to term him in both cases the 
producer. 

Economists have in general opposed consumption to 
* production. They have defined consumption to be the de- 

struction wholly, or in part, of any portion of wealth. And 
they consider it as the ultimate object of all production. 

Tout cc qui est produitj * says M. Say, est consomme ; 
par consequent , toute valeur erect est detruiU 3 et n 9 a etc 
ert't! que pour etre detruite. 

44 Consumption,” says Mr. Malthus, 44 is the great 
purpose and end of all production.*’*} “ By consump- 
tion,” says Mr. M 4 Culloch, “is meant the annihilation 
of those qualities which render commodities useful or 
desirable. To consume the products of Art and in- 
dustry is to deprive the matter of which they consist of 
utility, and consequently of the exchangeable value com- 
municated to it by labour. Consumption is, in fact, the 
end and object of human exertion, and when :i com- 
modity is in a fit state to be used, if its consumption be 
deferred, a loss is incurred.*'} 

That almost all that is produced is destroyed is true ; 
but we cannot admit that it is produced for the purpose 
of being destroyed. It is produced for the purpose of 
being made use of. Its destruction is an incident to its 
use, not only not intended, but, as tar as possible, 
avoided. In fact, there are some things which seem 
unsusceptible of destruction except by accidental in jury. 
A statue in a gallery, or a medal, or a gem in a cabinet, 
may he preserved tor centuries without apparent de- 
terioration. There are others, such as food and fuel, 
which perish in the very act of using them, and hence, 
as these are the most essential commodities, the word 
consumption has been applied universally as express- 
ing the making use of anything. But the bulk 
of commodities are destroyed by those numerous 
gradual agents which we call collectively lime , and the 
action of which we strive to retard. If it he true that 
consumption is the object of all production, the inha- 
bitant of a house must be termed its consumer, tail it 
would be strange to call him its destroyer; since it would 
unquestionably be destroyed much sooner if uninhabited. 
It would be an improvement in the language of Political 
Economy if the expression 44 to use” could be sub- 
stituted for that 44 to consume.’* There is, however, so 
much diflicuky in changing au established nomencla- 
ture, that we shall continue to use the word consump- 
tion, premising that we use it to signify primarily the 
making use of a thing ; a circumstance to which its de- 
struction is generally, but not necessarily, incidental. 

The wealth of a Country will much depend on the 
question, whether the tastes of its inhabitants lead them 
to prefer objects of slow or of rapid destruction. 

It will depeud, however, much more on their preference 
of productive or unproductive consumption. 

Productive consumption is that use of a commodity 

* Say, ]*)'incipfe» 3 tome iii. p. 2/0. 

f Prim'ip/ei % &<?. p. 219. 

I //. p. ;'iU— til&ftl Kd. 
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which occasions an ulterior product. Unproductive Political 
consumption is, of course, that use which occasions no Kconoln y- 
ulterior product. The characteristic of unproductive 
consumption is, that it adds to the enjoyment of no one “‘f °“ 

but the consumer himself. Its only effect upon the Gumption, 
rest of the community is to diminish pro tanto the mass 
of commodities applicable to their use. 

Some commodities are unsusceptible of any but unpro- 
ductive consumption ; such are lace, embroidery, jewellery, 
and the other personal ornaments which are simply 
decorative, and afford neither warmth nor protection. 

Under this head may also be ranked tobacco uml snuff, 
and the other stimulants, of which the best that can be 
said is, that they are not injurious. A much larger 
class of commodities is designed solely for productive 
use, and is never consumed unproduclively, but by mis- 
take. In this class arc all tools, from the simplest to 
the most complicated ; from the spade and the raft, to 
the steam engine and the Indiaman. But the generality 
of commodities may be used, according to the will of the 
proprietor, productively or unproduclively ; may be 
consumed so as to substitute some product in lieu of 
that which has been destroyed, or without any further 
beneficial result than the immediate pleasure which has 
accompanied their use. Whatever is capable of sup- 
porting human existence may be used to maintain those 
who are themselves producers, or those who are not. 

In the first case it is productively, in the second unpro- 
duct ively consumed. 

The distinction between productive and unproduc- 
tive consumers is less clearly marked than that between 
productive and unproductive consumption. To divide 
men into two classes, productive am! unproductive con- 
sumers, would, in fact, be a false division, there being 
few who do not in some respects belong to both classes. 

So far as a man s consumption is essential to his pro- 
duction, he belongs to the first class ; so far as it is not 
essential, to the second. Those only can be called 
simply unproductive who return nothing whatever for 
what they consume ; those only simply productive who 
indulge in no superfluous consumption whatever. 

To the first description belong tho«-e who, being pro- 
vided, through their own previous exertions, or by the 
accidents of donation or inheritance, with a fund suffi- 
cient lor their subsistence, are content to dedicate their 
revenue and their leisure to the purposes of mere 
enjoyment. This class is never large in any state of 
society. In an ignorant, and consequently a poor com- 
munity, the number of those possessing a maintenance 
independent of exertion is necessarily small. Among 
civilized nations the love of accumulation, of power, of 
distinction, and of occupation, and the nobler desire of 
being more or less extensively useful, all powerfully 
counteract the slothful principles of our nature. As pro- 
perty becomes more secure, as the avenues to influence 
are opened, as merit and wealth rise in public estimation 
over the accidents of birth, as barbarous prejudices de- 
grading to industry wear out, us the influence of sound 
religion teaches men that they were created for better 
purposes than selfish pleasure or useless mortification, 
in fact, as civilization improves, all the motives (o vo- 
luntary exertion acquire force. And though the num- 
ber of those who might live in idleness increases, the 
proportion of those who are unhappy enough to exercise 
that privilege diminishes. 

Another class consists of those who uerivc* their 
support svlfly from the spoil or the churitx of others. 



152 


POLITICAL 

Political The number of those who live by rapine lias ob- 
coiiiim). viously a tendency to diminish in the progress of civili- 
Productiot za ^ 0w ’ About mendicancy there may be some doubt, 
»ml cjn- us some superfluous wealth reems necessary to its 
buinption, existence, and it may be supposed likely to increase 
with the superfluity on which it feeds. That laws ill 
framed or ill administered may allow it so to increase 
wc know, from our own experience. But there seems 
to be no reason to doubt that, under a wise system 
of commercial and municipal legislation, the number 
of able-bodied paupers might be so reduced as to be 
practically unimportant. 

The lust class of unproductive consumers consists of 
those whom age or infirmity has rendered permanently 
incapable of production. We say ptrmanmtty* to exclude 
children, and those suffering under temporary disability. 
Though a child or an invalid make no immediate return, 
their support is the necessary condition of their future 
services. This is by far the largest of the unproductive 
classes, and one not likely to suffer relative diminution, 
the same causes which tend to obviate disease and injury 
tending also to prolong life where their effects are in- 
curable. But from the information collected in the 
House of Commons’ Report on Friendly Societies, 5th 
July, 1825, vol. »v., we are inclined to think that in 
this Country the class in question cannot amount to a 
fortieth part, or about two and a half per cent, of the 
whole community. 

The number of absolutely productive consumers, that 
is, of persons who consume solely for the purpose of re- 
producing, is much smaller. It may l>e n question in- 
deed whether in a Country free from slavery, or regu- 
lations resembling slavery, any such class is to be found. 
The humblest labourer has some expenses which are 
not essential to his health and strength. Wc endeavour 
to give to our domestic animals nothing beyond what is 
strictly necessary, and in the Countries where mail is 
considered as a domestic animal it might be expected 
that tile consumption ofa slave would be equally limited. 
But even the slave generally acquires some peculium, 
which implies that his ordinary subsistence somewhat 
exceeds his wants. 

It appears from this analysis that the bulk of the com- 
munity arc neither productive nor unproductive con- 
sumers, but may be referred to the one class or to the 
other, according to the portion of their expenses for the 
time being under consideration. So far as the hus- 
bandman takes just enough of the least expensive food, 
is just sufficiently clad with the simplest raiment, and in- 
habits a dwelling just sufficiently weather-tight and spa- 
cious to protect him from the seasons, fie is a productive 
consumer. But his pipe and his gin, and generally 
speaking his beer, and the humble ornaments of his 
person and his dwelling, form his unproductive con- 
sumption. 

We do not, of course, mean it to be inferred that all 
personal expenditure beyond mere necessaries is ne- 
cessarily unproductive. The duties of those who till 
the higher ranks in society can seldom be well per- 
formed unless they conciliate the respect of the vulgar 
by a certain display of opulence. If a Judge, or au 
Ambassador, required by his station to support an es- 
tablishment costing £2000 a year, should spend £4000, 
half of his consumption would be productive, and the 
other half unproductive. It would be a great mistake, 
however, to consider the third footman behind his coach, 
though a mere useless weight to the horses, an unpro- 
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ductive consumer. What the footman consumes arc his Political 
wages, and, so fur at least as he consumes them in ^ no ^y* 
order to enable himself to perform his services as foot- 
mail, he is a productive consumer. The things unpro- 
ductive^ consumed are his services, and they are con- 
sumed by his master. Nor is it to be supposed, on the 
other baud, that all consumption even of necessaries by 
those who are themselves producers, is a productive con- 
sumption. The half-employed pauper whose labour is 
worth .£10 a year, and whose consumption is .£20, con- 
sumes uuproductively the difference. 

Having explained the nature of production and con- Instru- 
sumption, we now proceed to consider the agents by 
whose intervention production takes place. prodrc f um. 

Thg primary instruments of production are labour, I. Labour, 
and those agents of. which nature, unaided by man, 
affords us the assistance. 

Labour is the voluntary exertion of bodily or mental 
faculties for the purpose of production. It may appeur 
unnecessary to define a term having a meaning so pre- 
cise and so generally understood. Peeuliur notions 
respecting the causes of value have, however, led some 
Economists to employ the term labour in senses so 
different from its common acceptation, that for some 
time to come it will be dangerous to use the word with- 
out explanation. We have already observed that many 
recent writers have considered value as solely depend- 
ent on labour. When pressed to explain how wine in 
a cellar, or au oak in its progress from a sapling to a 
tree, could, on this principle, increase in value, they re- 
plied that they considered the improvement of the wine 
and the growth of the tree as so much additional labour 
bestowed on each. We do not quite understand the 
meaning of this reply ; but we have given a definition of 
labour, lest we should be supposed to include in it the. 
unassisted operations of nature. It may also be well to 
remind our readers that this definition excludes all those 
exertions winch are not intended, immediately or 
through their products, to be made the subjects of ex- 
change. A hired messenger, and a person walking for 
his amusement, a sportsman, and a gamekeeper, the 
ladies at an English ball, and a company of Natch 
girls in India, undergo the same fatigues ; but ordinary 
language does not allow us to consider those as under- 
going labour who exert themselves for the mere pur- 
pose of amusement. 

Under the term iC the agents offered to us by nature/* n. Sutural 
or, to use a shorter expression, “ natural agents," we agcuti. 
include every productive agent so fur as it does not 
derive its pow ers from the act of man. 

The term “ natural agent'* is far from being a conve- 
nient designation, but we have adopted it partly because 
it has been already made use of in this sense by eminent 
writers, und partly because wc have not been able to 
find one less objectionable. The principal of these 
agents is the land, with its mines, its rivers, its natural 
forests with their wild inhabitants, and, in short, all its 
spontaneous productions. To these must be added the 
oceau, the qjmosphere, light and heat, and even those 
physical laws, such as gravitation and electricity, by the 
knowledge of which we are able to vary the combina- 
tions of matter. All these productive agents have in 
general, by what appears to be an inconvenient synec- 
doche, been designated by the term land ; partly because 
the land, as a source of profit, is the most important of 
those which are susceptible of appropriation, but chiefly 
because its possession generally curries with it the com* 
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Political mand over most of the others. And It is to be remem- 
Economy. b erof | that, though the powers of nature are necessary to 
afford a substratum for the other instruments of produc- 
im*nta of ^ on to wor ^ upon, they are not of themselves, when 
Production, universally accessible, causes of value. Limitation in 
supply is, as wc have seen, a necessary constituent of 
value; and what is universally accessible is practically 
unlimited in supply. 

III. AbBti- But although human labour, and the agency of na- 
nunce. ture, independently of that of man, are the primary 
productive powers, they require the concurrence of a 
third productive principle to give to them complete 
efficiency. The most laborious population, inhabiting 
the most fertile territory, if they devoted all their 
lubour to the production of immediate results*, and 
consumed its produce as it arose, •would soon find their 
utmost exertions insufficient to produce even the mere 
necessaries of existence. 

To the third principle, or instrument of production, 
without which the two others are inefficient, we shall 
give the name of abstinence : a term by which we ex- 
press the conduct of a person who either abstains from 
the unproductive use of what he can command, or de- 
signedly prefers the production of remote to that of 
immediate results. 

It was to the effects of this third instrument of pro- 
duction that wc adverted when we laid down, as the 
third of our elementary propositions, that the powers 
of labour and of the other instruments which produce 
wraith may be indefinitely increased by using their pro- 
ducts as the means of further production. All our 
subsequent remarks on abstinence are a developemcnt 
and illustration of this proposition ; we say develope- 
ment and illustration, because it can scarcely be said to 
require formal proof. 

The division of the instruments of production into 
three great branches has long been familiar to Econo- 
mists. Those branches they have generally termed 
labour, laud, and capital. In the principle of this divi- 
sion we agree ; though we have substituted different 
expressions for the second and third branches. We 
have preferred the term natural agent to that of land, 
to avoid designating a whole genus by the name of one of 
its species : a practice which has occasioned the other 
cognate species to be generally slighted and often for- 
gotten. We have substituted the term abstinence for 
that of capital oil different grounds. 

The term capital has been so variously defined that it 
may be doubtful whether it have any generally received 
meaning. We think, however, that, in popular accepta- 
tion, and in that of Economists themselves when they 
are not reminded of their definitions, that word signifies 
an article of wealth , the result if human exertion , em- 
ployed in the production or distribution of wealth. We 
say the result of human exertion, in order to exclude 
those productive instruments to which we have given the 
name of natural agents, and which afford not profit, in 
the scientific sense of that word, but rent. 

It is evident that capital, thus defined, is not a 
simple productive instrument ; it is in most cases the 
result of all the three productive instruments combined. 
Some natural agent must have ufforded the material, 
some delay of enjoyment must in general have reserved 
it from unproductive use, and some labour must in 
general have been employed to prepare and preserve 
it. By the word abstinence , we wish to express that 
agent, distinct from labour and the agency of nature , 

VOL. vi. 


the concurrence of V'hich is necessary to the enstvnee Political 
of capital , and which stands in the same relation Economy. 
to profit as labour does to wages . We are aware 

that we employ the word abstinence in a more extrusive J 05 * 1 ™’ 
sense than is warranted by common usage. Attention i« lC.Uidion 
usually drawn to abstinence only when it is not united AUtieence* 
with labour. It is recognised instantly in the conduct 
of a man who allows a tree or a domestic animal to 
attain its full growth ; but it is less obvious when he 
plants the sapling or sows the seed corn. The obser- 
ver’s attention is occupied by the labour, and he omits 
to consider the additional sacrifice made when labour is 
undergone for a distant object. This additional sacri- 
fice we comprehend under the term abstinence; not 
because abstinence is an unobjectionable expression 
for it, hut because wc have not been able lo find one to 
which there are not still greater objections. We once 
thought of using “ providence but providence implies 
no self-denial, and has no necessary connection with 
profit. To take out an umbrella is provident, but not 
In the usual sense of the word profitable. We after- 
wards proposed " frugality," but frugality implies some 
care and attention, that is to say, some labour; and 
though in practice abstinence is almost always accom- 
panied by some degree of labour, it is obviously neces- 
sary to keep them separate in an analysis of the instru- 
ments of production. 

It may be said that pure abstinence, being a mere 
negation, cannot produce positive effects ; the same re- 
mark might as well be applied to intrepidity, or even to 
liberty, but who ever objected to their being considered 
as equivalent to active agents? To abstain from the en- 
joyment which is in our power, or to seek distant rather 
than immediate results, are among the mo&t painful ex- 
ertions of the human will. It is true that such exertions 
are made, and indeed are frequent in every slate of society, 
except perhaps in the very lowest, and have been made in 
the very lowest, for society could not otherwise have im- 
proved; but of all the means by which man can be raised 
in the scale of being, abstinence, as it is perhaps the most 
effective, is the slowest in its increase, and the least ge- 
nerally diffused. Among nations those that are the least 
civilized, and among the different classes of the same 
nation those which are the worst educated, are always 
the most improvident, and consequently the least ab- 
stinent. 

Wc have already defined capital to be an article of Capital, 
wealth, the result of human exertion, employed in the 
production or distribution of wealth, and we have ob- 
served that each individual article of capital is in general 
the result of a combination of all the three great instru- 
ments of production — labour, abstinence, and the agency 
of nature. 

When a man has possessed himself of any article of 
wealth, and resolves to employ it, not for the mere 
purposes of enjoyment, but as capital, or, in other words, 
as a means of further production, or of distribution, there 
appear to be eight modes in which his design may be 
effected. 

1. He may intentionally destroy it, in order to obtain 
the effects which are the direct consequences ol’its destruc- 
tion. The consumption of gunpowder in a mine, and ot 
coals in the fnrrace of a steam-engine, affoid instances. 

The food which every producer must consume in order 
to keep himself in the health iind strength necessary 
to enuble him to continue a ptoducer is also thus con- 
sumed. 
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Ecoiiomy ma y Te * A ’ n ^ an ^ employ it for purposes of 

couoipy, ^ich gradual destruction is the incidental but not 

Instru- ' nten ded, or, in cases, the necessary consequence, 

menu of All implements and machinery are thus employed. 
Production. 3. He may vary its form, as when materials arc con- 
Capital. verted into finished commodities. 

4. He may sitnply retain it until its value has been 
increased by changes occasioned by the lapse of time, 
or by ail altered state of the market. The proprietor of 
a vineyard who, immediately after an abundant vintage, 
retains his wine, aims at both these advantages. 

5. He may keep it ready for sale to meet the wants 
of his customers. A shopkeeper’s finished articles or 
stock in trade are thus employed. 

6. lie may give it to the proprietor of some natural 
agent for the use of that agent; as when a farmer pays 
rent to his landlord. 

7. He may give it to a labourer in exchange for his 
exertions ; or, in other words, he may employ it in the 
payment of wages. 

8. lie may give it iti exchange for some other com- 
modity, to be itself employed as capital ; or, in other 
words, he may use it commercially. 

Most capitalists employ portions of their capital in all 
these eight inodes. 

If wc suppose a wine retailer’s capital to consist of 
the knowledge which he has acquired during his educa- 
tion for his business, of the warehouse and the simple 
machinery necessary to his trade, of the stock of com- 
modities necessary for his own current consumption, 
and of one hundred pipes of wine in wood and in 
bottle, we shall find that his knowledge, and machinery, 
and necessaries are destroyed without ever being directly 
exchange d: the otifvdiffereiicc being, first, that his know- 
ledge remains unimpaired until either his death or his 
retirement from business makes it suddenly valueless, 
while his buildings, and machinery, and clothes, furniture, 
and food are consumed and replaced at successive 
periods ; and, secondly, that the destruction of his food 
is immediate, and that of his buildings, machinery, fur- 
niture, and clothing is gradual. We shall find that of 
the wine he retains a portion until it shall have been 
improved by age, and keeps a portion as stock in trade 
ready for immediate sale, but ultimately sells the whole 
anil pays away its price, partly in rent for the laud 
covered bv his buildings, partly in wages to his clerks, 
porters, shopmen, and other labourers, partly in keeping 
up his buildings and machinery, and partly in the re- 
purchase of wine, bottles, and corks to keep up the stock 
in his warehouse and shop. What remains of the price 
of h is wine, and something must remain, or he would 
be in a worse situation than one of his own labourers, 
is generally termed his profit: a part of it he must 
employ in replacing the stock of commodities necessary 
to keep himself in health and strength; the remainder 
he may employ either in his own personal enjoyment 
and that of his friends, which is an unproductive use, 
or in the increase of his own capital, or in creating a 
capital for some other person, in the education, for 
instance, of his son, which are productive uses. 

Adam Smith has divided capital into fixed and circu- 
lating. 

41 There are two ways,*’ he observes, lt in which a 
capital may be employed so as to yield a revenue or 
profit. 

“ First, it may be employed in raising, manufactur- 
ing, or purchasing goods, and selling them again with a 


profit. The capital employed in this manner yields no Political 
revenue or profit to its employer while it either remains v 
in his possession or continues in the same shape. The 
goods of the merchant yield him no revenue or profit men ts 0 f 
till he sells them for money, and the money yields him Productions 
as little till it is again exchanged for goods. His Capital, 
capital is continually going from him in one shape, and 
returning to hitn in another, and it is only by means of 
such circulation, or successive exchanges, that it can 
yield him any profit. Such capitals, therefore, may 
properly be called circulating capitals. 

“ Secondly, it may be employed iu the improvement 
of land, in the purchase of useful machines and imple- 
ments of trade, or in such like things ns yield a revenue 
or profit without changing masters or circulating any 
further. Such capitals, therefore, may properly be 
called fixed capitals. 

“ Tlie cnpitul of a merchant is altogether a circulating 
capital. He has occasion for no machines or instru- 
ments of trade, unless his shop or warehouse be con- 
sidered as such. 

“ Some part of the capital of every master artificer 
or manufacturer must be fixed in the instruments of his 
trade. This part, however, is very small iu some, and 
very large in others. A master tailor requires no other 
instruments of trade than a parcel of needles; those 
of a master shoemaker are a little, though but a little, 
more expensive. 

“ In other works a much greater fixed capital is re- 
quired. In a great iron work, for example, the furnace, 
the forge, the slit mill, are instruments of trade which 
cannot be erected without a von great expense. That 
part of the capital of the fanner which is employed ill 
tile instruments of agriculture is a fixed, that which is 
employed in the wages and maintenance of his labour- 
ing servants is a circulating, capital, lie makes a profit 
of the one by keeping it in his own possession, and of 
the other by parting with it. A herd of cattle, bought 
in to make a profit by their milk and increase, is a fixed 
capital ; the profit is made by keeping them. Their 
maintenance is a circulating capital; the profit is made 
by parting with it.” Hook ii. cli. i. 

We are not aware that the principle of Adam Smith’s 
division has ever been directly objected to. There may 
be some doubt, perhaps, whether the terms fixed and 
circulating are the best that could have been selected; 
but Adam Smith has stamped on them the meaning w'hich 
he intended, and they have passed current iu that signi- 
fication ever since. 

Mr. Ricardo, however, with the inattention to esta- 
blished usage which so much diminishes the usefulness 
of his writings, has used the terms fixed and circulating 
capital in a totally different sense. In this he has been 
followed by Mr. Mill ; and as neither of these writers 
intimates that his use of the words is not the common 
on .-, ii may be well to mark the difference. 

“ According as capital is rapidly perishable,” says 
Mr. Ricardo, “ and requires to be frequently repro- 
duced, or is«of slow consumption, it is classed under the 
heads of circulating or of fixed capital : a division not 
essentia], and in which the line of demarcation cannot 
be accurately drawn. A brewer, whose buildings and 
machinery are valuable and durable, is said to employ 
a large portion of fixed capital; on the contrary, a shoe- 
maker, whose capital is chiefly employed in the payment 
of wages, which are expended on food and clothing, com* 
modities more perishable than buildings and machinery. 
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is said to employ a large proportion of capital as circu- 
lating capital. Ch. i. sec. 4. 

Mr. Ricardo might well remark that the line of de- 
marcation between his two sort9 of cupital cannot be 
accurately drawn ; for what can lie more vague, or more 
void of positive meaning, than such comparative terms as 
slow and rapid ? The singular circumstance is that both 
he aud Mr. Mill should have supposed, and it appears 
clear that they did suppose, that their division followed 
that of Adam Smith. It is obviously a cross division. 
The master tailor's needles which Adam Smith selects 
as an example of fixed capital, because the tailor retains 
them, would, according to Mr. Ricardo, be circulating, 
because they are perishable. On the other hand, the 
materials and stock in trade of an iron founder would 
be circulating capital according to Smith, and fixed 
according to Ricardo, 

We may he able to make the nature of capital, aud 
Adam South's conception of it, still clearer by quoting 
his subdivision of fixed and circulating capitals. 

41 Fixed capital," he sajs, 14 consists chiefly of the 
four following articles : 

44 First, of ull useful machines and instruments of 
trade which facilitate and abridge labour. 

44 Secondly, of all buildings used for the purpose of 
trade or manufacture ; such as shops, warehouses, and 
fai m-buildings, &c. They are a sort of instruments of 
trade, and may be considered in the same light. 

“ Thirdly, of the implements of land, of what has 
been piofitably laid out in clearing, draining, enclosing, 
manuring, and reducing it into t lie condition most 
proper fur culture. An improved farm may he regarded 
in the same light as one of those useful machines which 
facilitate and abridge lubour. 

“ Fourthly, of the acquired and useful abilities of 
all the members of the society. The acquisition of such 
talents by the maintenance of the acquirer dining his 
education, study, or apprenticeship, costs an expense, 
which is a capital fixed and realized, as it were, in his 
person. The improved dexterity of a workman may be 
considered in the same light as a machine or instrument 
of trade which facilitates and abridges labour. 

“ The circulating capital is composed likewise of four 


parts : 

“ First, of the money by means of which all the 
other three are circulated and distributed to their proper 
consumers. 

44 Secondly, of the stock of provisions in the possession 
of the butcher, the grazier. Ac., for the purpose of sale. 

11 'thirdly, of the materials, whether altogether rude 
or more or less manufactured, of clothes, furniture, and 
building, which are not yet made up, hut remaiu in the 
hands of the growers, manufacturers, or merchants. 

44 Fourthly, of the work which is made up and com- 
pleted, but is still iu the hands of the merchant or manu- 
facturer; such as the finished work in the shops of 
the smith, the goldsmith, the jeweller, and the china 
merchant. The circulating capital consists, in this 
manner, of the provisions, materials, and finished work of 
all kinds which are iu the hands of theft respective 
dealers, and of the money that is necessary for circulat- 
ing and distributing them to their final consumers. 1 ’ 
Book ii. c. i. 

This enumeration contains, perhaps, some useless dis- 
tinctions, and, we think, two improper exclusions, but, 
generally speaking, it gives an excellent view of the 
different species of capital. 


The things which appear to be improperly excluded Political 
are, first, the necessaries of life, consumed by the Kconomy. 
labourer and the capitalist for their own support; and, 
secondly, the houses and other commodities of slow con- lristru - 
sumption which the owner lets out to the consumer. p^ucti n 

Adam Smith can scarcely be said to have explained his Capital. 100 * 
reason for excluding from the term capital the neces- 
saries in the possession of the labourer, lie merely 
observes that the labourer consumes as sparingly as he 
can, and derives his revenue only from his Lbuurl The 
uttenlion of Mr. Malthus has been drawn to the subject ; 
he agrees in this respect with Adam Smith, ami on the 
following grounds: 

“ The only productive consumption, properly so called, 
is the consumption or destruction of wealth by capitalists 
with a view to reproduction. This is the only marked 
line of distinction which can Ik.* drawn between produc- 
tive and unproductive consumption. The workmen whom 
the capitalist employs consumes t hat part of his wages 
which he does not save, as re\enue, with a view to sub- 
si ste nee or enjoyment; and not as capital with a view 
to production.’’ Definitions , p. 2 jS. 

Mr. Malthus would admit that the coals in the furnace 
of u steam-engine are productively employed ; because 
their consumption is the necessary condition to the 
engine's performing its work. And iu what does the 
consumption of food by a labourer differ from that of 
coals by a steam-engine V Simply in this, that the 
labourer derives pleasure from what he consumes, and 
the steam-engine does not. If a labourer were so con- 
stituted as to tee I no craving for food, and no gratifica- 
tion from eating, and weie reminded of its necessity 
only by the debility consequent oil its want, would not 
bis meals, taken as they would be solely to enable him 
to undergo his fatigues, be productively consumed? 

Nature has wisely enforced an act of daily necessity by 
the stimulus of hunger, and the reward of cnjovment, 
but do that stimulus aud enjoyment detract from its 
productiveness ? Is the ploughman's dinner less the 
means of his toils because he considers it as their end ? 

Is not the food of working cattle productively employed? 

Does not the owner of a West Indian estate consider the 
supplies which he sends to his slaves as a capital destined 
to productive consumption ? 

Adam Smith has stated at length his reasons for ex- 
cluding from the term capital the houses and other 
articles which the owner lets out to the consumer. 

44 One portion,” he states, 44 of the stock of a society 
is reserved for inmicd.nte consumption, of which the 
characteristic is that it affords no revenue or profit. The 
whole stock of mere dwelling-houses makes a part of 
this portion. If a house be let to a tenant, as the house 
itself can produce nothing, the tenant must pay the rent 
out of some other revenue which he derives either ft out 
labour, or stock, or land. Where masquerades arc 
common, it is a trade to let out dresses for the night. 
Upholsterers frequently let furniture by the mouth or 
the year. The revenue, however, which is derived frniu 
such things must always be ultimately derived horn 
some other source of revenue. A stock of clothes may 
last for several years; a stock of furniture half a century 
or a century; but a stock of houses, well built and pro- 
perly taken care of, may last many centuries. Though 
the period of their total consumption, however, is more 
distant, they are still as really a stock reserved for im- 
mediate consumption as either clothes or furniture. 

Book ii. ch. i. 

v 2 
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Political This language would have been consistent if Adam 
Economy. Smith, like most of his successors, had confined the term 
capital to the instruments of further consumption. But 
ments of we ^ ave seei1 l,lc ^ ,< ^ es under that term things 

Production, incapable of productive consumption, if they have not 
Capital. reached the hands of those who are finally to use them. 

If a diamond necklace in a jeweller’s shop be correctly 
termed capital, and Adam Smith has expressly stated that 
it is so, why is not a house which has been just finished 
by a speculative builder? It is difficult to perceive why he 
should have laid so much stress on the perishableness of 
the things in question. Perishableness and durability 
arc not elements in the distinction between what is and 
what is not to be correctly termed capital. Many of the 
things which are used productively are of almost evanes- 
cent existence, such as the gas which lights a manufac- 
tory. On the other hand, the jewels of a noble family 
are not capital, though no limits can be assigned to their 
duration. It is at leust conceivable that a house might 
be built so as not to require repair, and would this 
circumstance affect the question? In fact, however, 
the perishableness of these tilings is unfavourable to Adam 
Smith's view, as it shows their resemblance to things 
which he has admitted to be capital. A cellar of wine 
at a tavern-keeper’s fulls under his third class of circu- 
lating capitals; gradually the cellar is emptied, and 
when the last bottle has been drunk the capital is at an 
end. A house let ready furnished, a circulating library, 
a job carriage, a stage-coach, or a steam-packet, differs 
from the cellar of wine only because the pmgress of its 
consumption is less capable of being measu ed. Every 
day that it is used a portion wears away ; and that por- 
tion is as much purchased and as much consumed by 
the hirer of the house or the carriage as the buttle of 
wine taken from the cellnr. It is true that it may be 
consumed nnproductively, and that in that case the hirer 
must pay the rent from some other revenue, as is the 
case with the price of whatever is unproductivcly con- 
sumed. But the portion of the house and furniture and 
carriage, for the time being uiiconsurned, is as much the 
capital, in the sense in which Adam Smi'h uses that word, 
of the upholsterer and the hackneyman, as the tiiicnnsumcd 
portion of the wine is the capital of the tavern-keeper. 

Capital may again be divided, according to the pur- 
poses to which it is applicable, into reproductive, simply 
productive, and unproductive. 

We apply the term reproductive to ull those articles of 
wealth which may be used to produce things of the 
same kind with themselves. All agricultural stock is 
reproductive ; and so are all the necessaries of life. 
That portion of them which is consumed by the capital- 
ists and labourers employed in producing necessaries is 
one of the means by which the regular supply is kept 
up. The coals in the furnace of a steam-engine used in 
working a coal mine, the iron instruments in an iron 
work, and a ship freighted with timber and naval stores 
are all reproduc'd vely employed. 

We apply the term simply productive to those articles 
of wealth which, though instruments of production, can. 
not be employed in producing things of the same kind 
with themselves. A lace muchine is simply productive. 
Its use is to make lace, but that luce cannot be employed 
to make a new machine. All the tools and machinery 
employed in the production of those things which can- 
not be productively consumed are themselves simply 
productive. 

We apply the term unproductive or distributive 


capital to those commodifies which are destined to un- Political 
productive use, but have not become the properly of those . ^ , 

who are to be their ultimate consumers. Instru- 

A very great portion, perhaps the greater portion in nicuts of 
value, of the commodities produced in an improved slate Production, 
of society, fall under this head at their first production. Capital. 

We have already observed that, iu every state of society, 
the numher of absolutely unproductive consumers is 
small, and the number of absolutely productive con- 
sumers still smaller. But as wealth increases every 
man increases his unproductive comumption % until the 
whole amount in the whole society of such consumption 
may, and often does, exceed the whole amount of pro- 
ductive consumption. If we look through the shops of 
an opglent city we shall find the commodities destined 
to mere enjoyment far, exceeding in value those desliued 
to be employed iu further production. 

Some of Adam Smith’s successors have excluded the 
things of which we are now speaking from the trim 
capital. Wc have followed his example in including 
them, for two reasons. 

First, because their exclusion is an unnecessary devia- 
tion from ordinary language. To say that a jeweller, 
with £50,000 worth of diamond ornaments in his shop, 
had no capital, would be an assertion of which few 
hearers would be able to guess the meaning. 

But, iu the second place, if it were possible to do, 
what certainly is much wanted, to form a new technical 
nomenclature for Political Economy, still we should 
include under the term capital the commodities in ques- 
tion. All Economists include under that term the ma- 
terials and the instruments with which these commo- 
dities are formed. If the rough diamond and the gold 
in which it is to be set are capital while separate, it 
seems difficult to see what convenience there is in a 
noincnclatuic which denies them to be capital when 
united. Again, no Economist will doubt that a profit is 
received in proportion to the average time during 
which the commodities in question are retained by the 
capitalist. Why this profit is paid we shall endea- 
vour to show hereafter, but the fact that it is paid 
may be assumed as unquestioned. But Economists are 
agreed that whatever gives a profit is properly termed 
capital. 

The principal advantages derived from abstinence, or, 
to express the same idea iu more familiar language, from 
the use of capital, are two: first the use of implements; 
and second the division of labour. 

Implements, or tools, or machines (words which ex- 
press things perhaps slightly different in some respects, 
but precisely similar so far as they are the subjects of 
Political Economy) have been divided into those which 
produce power, and those which transmit power. Under 
the first head are comprehended those which produce 
motion independently of human labour. Such ate, for 
instance, those machines which are worked by the force 
of wind, of water, or of steam. 

The second head comprises what arc usually termed 
tools, such # us the spade, the hammer, or the knife 
which assist the force, or save the time of the workman, 
but receive their impulse from his hand. 

To these two classes a third must be added, including 
all those instruments which are not intended to pro- 
duce or transmit motion, using that word in its popular 
sense. This class includes many things to which the 
name of implement, tool, or machine is not generally 
applied. A piece of land prepared for tillage, and the 
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Political corn with which it is to be sown, are among the imple- 
Econoray. men t s by whose use the harvest is produced. Books 
and manuscripts are implements more productive than 
meats of t ^ 10se *n ventc ^ by Arkwright or Brunei. Again, many 
Production. of the things which popularly are called implements, 
Capital. such as the telescope, have no reference to motion ; and 
others, such as a chain, or an anchor, or indeed any fast- 
ening whatever, are intended not to produce or trans- 
mit, but to prevent it. 

The instruments which derive their impulse from the 
person who works them are in general of a simple de- 
scription, and some of them are to be met with in the 
rudest state of human society. The first subsistence 
offered by nature to the savage consists of the brutes 
around him ; but some instruments beyond the weapons 
which she has given to him muat enable him to take 
advantage of her bounty. 

It will be observed that we consider the use of all 
implements as implying an exercise of abstinence, using 
that word in our extended sense as comprehending all 
preference of remote to immediate results. In civilized 
society this appears to be stiictly true. It is obviously 
true as to the vsr of all those instruments and materials 
which may be uSed at will, either for the purpose of pre- 
sent enjoyment, or for that of further production, such, 
for example, as the greater part of agricultural stock. 
It is equally true as to the making of all those imple- 
ments which are incapable of any but productive use, 
such as tools and machinery in the popular acceptation 
of those words. In an improved state of society, the 
commonest tool is the result of the labour of previous 
years, perhaps of previous centuries. A carpenter’s tools 
are among the simplest that occur to us. But what a 
sacrifice of present enjoyment must have been under- 
gone by the capitalist who first opened the mine of 
which the carpenter’s nails and hammer are the product! 
How much labour directed to distant results must have 
been employed by those who formed the instruments 
with which that mine was worked! In fact, when we 
consider that all tools, except the rude instruments of 
savage life, are themselves the product of earlier tools, 
we may conclude that there is not a nail, among the 
many millions annually fabricated in England, which is 
not to a certain degree the product of some labour lor 
the purpose of obtaining a distant result, or, in our no- 
menclature, of some abstinence undergone before the 
Conquest, or perhaps before the Heptarchy. 

The same remark applies to the acquired abilities 
which Adam Smith has properly considered a capital 
fixed and realized in the person of their possessor. In 
many cases they are the result of long previous exertion 
and expense on his own part; exertion and expense 
which might have been directed to the obtaining objects 
of immediate enjoyment, but which have, in fact, been 
undergone solely in the hope of a distant reward. And 
in almost all cases they imply much expense, and con- 
scquently much sacrifice of immediate enjoyment on the 
part of parents or guardians.’ The maintenance of a 
boy during the first eight or nine years gf his life is 
indeed an unavoidable burthen, and therefore cannot be 
considered a sacrifice. But almost all that is expended 
on him afier that age is voluntary. At nine or ten he 
might earn a maintenance in an agricultural, and more 
than a bare maintenance in a manufacturing employ- 
ment, and at twenty-one obtain better wages than at 
any subsequent period of his life. But even the lowest 
department of skilled labour is in general inaccessible 


except at an expense very great, when we consider by Political 
whom it is to be borne ; XT 5 or £2i) is a low apprentice Economy, 
fee, blit amounts to half the average annual income of '' 

an agricultural family. The greater part of the re- Inptni * 
numeration for skilled labour is the reward for the ah- p r C "a* c °l u 
stinence implied by a considerable expenditure on the Capital, 
labourer’s education. 

We must admit, however, that this reasoning does not 
apply to society in that rude state which is not perhaps 
within the scope of Political Economy. The savage 
seldom employs in making his bow or his dart time 
which he could devote to the obtaining of any object of 
immediate enjoyment. He exercises therefore labour 
and providence, but not abstinence. The first step in 
improvement, the rise from the hunting and fishing to 
the pastoral state, implies an exercise of abstinence. 

Much more abstinence, or, in other words, a much 
greater use of capital, is required for the transition from 
the pastoral to the agricultural state ; and an arnouut 
not only sfiil greater, but constantly increasing, is ne- 
cessary to the prosperity of manufactures and com- 
merce. An agricultural Country can remain stationary; 
a commercial and manufacturing one cannot. The 
capital which filly years ago enabled England to be 
the first of commercial and manufacturing nations was 
probably far inferior in extent and efficiency to that 
now possessed by France, or even to that of the late 
Kingdom of the Netherlands. If our capital had re- 
mained stationary, we should have sunk to a second or 
third rate power. The same consequence might now 
follow if commercial restraints, or the waste of a long 
war, should check the increase of our present capital, 
while that of our rivals should continue progressive. 

Having shown the connection between abstinence 
and the employment of implements, the next thing to 
be considered is the advantage which the use of imple- 
ments affords. This subject, however, we shall puss over 
very briefly; partly because an attempt to give any thing 
like an adequate account of it, however concise, would 
far exceed the limits of this Treatise ; partly because the 
subject has been considered at some length in the Ar- 
ticles in this Encyclopaedia on Mr.cH \nics and.M anufvc- 
tlkf.s; and partly because we believe all our readers 
to be aware that the powers of man are prodigiously in- 
creased by the use of implements, though probably no 
man ever had, or ever will have, sufficient knowledge 
of details and perception of their relations and con- 
sequences, to estimate the whole amount of that in- 
crease. A lew remarks on those instruments which 
produce motion, or, as it is technically termed, pou'er, 
are all that we can venture oil. 

The superior productiveness of modern compared w i'h 
ancient labour depends, perhaps, principally on the use of 
these instruments. We doubt whether all the exertions of 


all the inhabitants of the Roman Empiie, if exclusively 
directed to the manufacture of cotton goods, coni' 1, in a 
whole generation, have produced as great a quantity as 
is produced every year by a portion of the inhabitants 
of Lancashire ; and we are sure that the produce would 
have been generally inferior in quality. The only 
moving powers employed by the Greeks or Homans 
were the lower animuls, water, anil wind. And even 
these powers they used very sparingly. They scarcely 


used wind except to assist their merchant vc^ei!* in a 
timid coasting; they used rivers ns they found them, 
for the purposes of communication, but did not connect 
them by canals ; they used horses only for burthen and 
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Political draught, and the latter without the assistance of springs. 

Kconomy. They made little use of thut powerful machine to which 
we give the general name of a mill, in which a single 
menta of 8 kalt, turning under the impulse of animal power, or 
Production. w i |l( *> or water, or steam, enables a child to apply a 
Capital* force equal sometimes to that of a thousand workmen. 

A ship of the line under full sail has been called the 
noblest exhibition of human power : it is, perhaps, the 
most beautiful. Butifdoiniuion over matter, if the power 
of directing inanimate substances, at the same time to 
exert the most tremendous energy, and to perform the 
most delicate operations, be the test, that dominion and 
power are no where so strikingly shown as in a large 
cotton manufactory. One of the most complete which 
we have seen is that constructed by the late Mr. Man- 
land at Stockport; and, as it exhibits very strikingly 
both the power and the manageableuess of machinery, 
it may he worth while to give a short description of it, 
as we saw it in 1S25. 

Mr. Marslaud was the proprietor of the Mersey for 
about a mile of its course, and of a longue of land which 
two reaches of the river form into a peninsula. Through 
the isthmus of this peninsula he bored a tunnel suffi- 
cient to receive seven wheels of large diameter, and to 
give passage to enough of the river to turn them ; these 
wheels communicated rotatory motion to perpendicular 
shafts; and the perpendicular shafts communicated the 
same motion to numerous horizontal shafts connected with 
them by pinions. Each horizontal shaft ran below the 
ceiling of a work-room more than u hundred-feet long. 
The buildings connected with the wheels worked by the 
river contained six or seven stories of work-rooms, each 
supplied with its horizontal shaft. The rotatory motion 
was carried on from each horizontal shaft by means of 
small solid wheels called drums, affixed to the principal 
shaft of each detached piece of machinery, and connected 
with the great horizontal shaft of the work-room by a 
leathern strap. Many of these rooms were not occupied 
by Mr. Marslaud himself. He let out, by the hour, the 
day, or the week, a certain portion of the floor of a work- 
room, and the liberty to make use of a certain portion of 
the horizontal shaft. The tenant placed his own ma- 
chinery on the floor, connected its drum with the shaft that 
revolved rapidly above, and instantly saw his own small 
mechanical world, with its system of wheels, rollers, and 
spindles, in full activity, pciforming its motions with a 
quickness, a regularity, and, above all, a perseverance, 
far beyond the exertions of man. fn the operation of 
machinery, power, like mutter, seems susceptible of in- 
definite aggregation and of indefinite subdivision. In 
the performance of some of its duties the machinery 
moved at a rate almost formidable, in others at one 
scarcely perceptible. It took hold of the cotton of 
which a neckcloth was to be made, cleaned it, arranged 
its fibres longitudinally, twisted them into a strong and 
continuous thread, and finally wove that thread into 
muslin. It look the wool of which a coat was to be 
made, and, after subjecting it to processes more nume- 
rous than those which cotton cx{>erienccs, at last wove 
it into cloth. For thousands of years, in fact from the 
last great convulsion which traced the course of the 
river, until Mr. Marsland bored his tunnel, had the 
Mersey been wasting all the energy that now works so 
obediently. 

One of the most striking qualities of machinery Is its 
susceptibility of indefinite improvement. On looking 
through the instructive evidence collected by the Com- 


mittee on Artisans and Machinery, (1B24,) it will be political 
found that nothing is more impressed on the minds of E c° l>0 | n y* 
the witnesses than the constant tide of improvement, 
rendering obsolete in a very few years all that might inellt# 0 f 
have been supposed to be perfect Production. 

Mr. Iloldsworlh, a spinner and machine-maker at Capital. 
Glasgow, states that the best mills al Glasgow are equal 
to the best mills at Manchester erected three or four 
years belore. Mr. Holdsworth’s history of his own 
proceedings will illustrate many of the previous observa- 
tions. 

He is asked whether he got his machinery from Man- 
chester when he first commenced business. He replies: 

“ I did not ; I contemplated making it myself, and made 
the attempt, but there was so much difficulty in gening 
good workmen, and the expense of tools was so serious, 
that I desisted. I then selected a well-qualified )ouiig 
mechanic, and engaged him to make it for me. 1 ga\e 
over to him my patterns and my plans, and he executed 
well the machinery required in the first null. Two 
years after 1 built a second mill, the machinery of which 
was also executed by him. After two years more I 
built a third and a larger mill, the machinery of which 
I made myself.** * 

He is asked why he made the last machinery himself, 
and replies : 

“ In the first place that machine maker was very 
husy;’* (it appears, subsequently, that, at the time of the 
examination, that maker could not have taken an order 
to execute any part of it under sixteen months, and that 
there were then eight or nine mills waiting for machine! y, 
some of which hud been ready for twelve months, and 
had only a small part of their machinery, and others 
had been ready six months and were empty :) “ and as 
machine makers do not like to alter their pluns, I could 
not prevail upon him to execute the improvements then 
recently made in Manchester.’’ Filth Report, p. 37 8. 

Mr. J. Dunlop is asked (p. 473) how far he consi- 
ders the American factories behind those of Glasgow. 

He replies, about thirty years. lie goes on to state that 
they are in a progressive state, and the men very active 
and industrious. lie is then asked whether, “ suppos- 
ing English machinery transported to America, with ihe 
assistance of English foremen, he does not think the 
population of America would soon be taught to work in 
their factories equally to the men of this Country t” 

He answers, “ Yes, I think they would ; but before they 
could acquire that we should he ahead of them a long 
way again. I reason comparing Scotland with Eng- 
land. We began the business of cotton-spinning later, 
we were of course behind, and we have always been 
behind ; we have never been able to get up, aud 1 be- 
lieve never will/' 

Sixty years form a short period in the history of a 
nation ; yet what changes in the state of England and 
the Southern parts of Scotland have the steam-engine 
aud the cotton machinery effected within ihe last sixty 
years. They have almost doubled the population, more 
than double^ the wages of labour, and nearly trebled 
the rent of land. They enabled us to endure, not cer- 
tainly without inconvenience, but yet to endure, a public 
debt more than trebled, and a taxation more than quad- 
rupled. They changed us from exporters to importers 
of raw produce, and consequently changed our corn laws 
from a bounty on exportation to nearly a prohibition of 
importation. They have clad the whole world with a 
light and warm clothing, and made it so easy of ac- 
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Political qni.sition that we are perhaps scarcely aware of the 
Economy, whole enjoyment that it a fiords. 

There appears no reason, unless that reason be to be 
lustra- found among our own commercial institutions, why the 
Pr!>diiction improvements of the next sixty years should not equal 
Capital. 1 those of the preceding. The cotton machinery is far 
from perfection ; the evidence which we have quoted 
shows that it receives daily improvements; and the 
steam-engine is in its infancy : its first application to 
vessels is within our recollection ; its application to 
carriages has scarcely commenced ; and it is probable 
• that many other powers of equal efficiency lie still un- 

discovered among the secrets of nature, or, if known, are 
• still unapplied. There are doubtless at this instant in- 
numerable productive instruments known hut disregarded 
because separately they are ineffigent, and the effect of 
their combination has not been perceived. Printing 
and paper are both of high antiquity. Printing was 
probably known to the Greeks ; it certainly was prac- 
tised by the Romans, as loaves of bread stamped with 
the baker’s initials have been found in Pompeii. And 
paper has been used in China from times immemorial. 
But these instruments separately were of little value. 
While so expensive a commodity as parchment, or so 
brittle a one as the papyrus, were the best materials for 
books, the sale of a number of good copies sufficient to 
pay the expense of printing could not he relied on. 
Paper without printing was more useful than printing 
without paper ; but the mere labour necessary to con- 
stant transcription, even supposing the materials to be 
of no value, would have been such as still to leave hooks 
an expensive luxury. But the combination of these 
two instruments, each separately of little utility, has 
always been considered the most important invention in 
the history of man. 

The second of the two principal advantages derived 
from abstinence, or, in other words, from the use of 
capital, is the division of labour. 

We have already observed that division of produc- 
tion would have been a more convenient expression than 
division of labour; but Adam Smith’s authority has 
given such currency to the term division of labour, that 
we shall continue to employ it, using it, however, in the 
extended sense in which it appears to have been used 
by Adutn Smith. We say appears to have been used, 
because Smith, with his habitual negligence of precision, 
has given no formal explanation of his meaning. But 
in the latter part of his celebrated first chapter, he ap- 
pears to include among the advantages derived from the 
division of labour all those derived from internal and 
external commerce. It is clear, therefore, that, by divi- 
sion of labour, be meant division of production, or, in 
other words, the confining as much as possible each dis- 
tinct producer and each distinct class of producers to 
operations of a single kind. . 

The advantages derived from the division of labour 
are attributed by Smith to three different circumstances. 
“First, to the increase of dexterity in every particular 
workman ; secondly, to the saving of the tipie which is 
commonly lost in passing from one species of work to 
another; and lastly, to the invention of a great number 
of machiues which facilitate and abridge lubour, and 
enable one man to do the work of many.” 

Smith was the first writer, who laid much Btress on 
the diyjsion of labour. The force and the variety of the 
examples by which he has illustrated it make the first 
chapter perhaps the most amusing and the best known 


in his whole Work. But, like most of those who have Political 
discovered a new principle, he has in some respects Economy, 
overstated, and in others understated, its effects. His s,— 1 
remark, “ thut the invention of all those machines by Instru * 
which labour is so much facilitated and abridged seems ProdudLn 
to have been originally owing to the division of labour," (jLpiuU 
is l<^ general. Many of our most useful implements 
huve been invented by persons neither mechanics by 
profession, nor themselves employed in the operations 
which those implements facilitate. Arkwright was, as 
is well known, a barber; the inventor of the power- 
loom is a clergyman. Perhaps it would be a nearer ap- 
proach to truth if we were to say that the division of 
labour has been occasioned by the use of implements. 

In a rude state of Society, every man possesses, and 
every man can munage, every sort of instrument. In 
an advanced state, when expensive machinery and an 
almost infinite variety of tools have superseded the few 
and simple implements of savage life, those only can 
profitably employ themselves in any branch of manufac- 
ture who can obtain the aid of the machinery, and have 
been trained to use the tools, by which its processes are 
facilitated; and the division of labour is the necessary 
consequence. But, in fact, the use of tools and the di- 
vision of labour so act and react on one another, that 
their etfects can seldom be separated in practice. Every 
great mechanical invention is followed by an increased 
division of labour, and every increased division of labour 
produces new inventions in mechanism. 

Alter ius sir 

Altera poscit opem res et eoujurat amice. 

The increased dexterity of the workman, and the 
saving of the time which would be lost in passing from 
one sort of work to another, deserve the attention which 
they have received from Adam Smith. Both are con- 
sequences, and the first is a very important consequence 
of the division of labour. But he has passed b\, or at 
least has not formally stated, other advantages derived 
from that principle which appear to be far more im- 
portant. 

One of the principal of these advantages arises 
from the circumstance that the same exeitions which 
are necessary to produce a single given result are 
often sufficient to produce many hundred or many 
thousand similar results. The Post-office supplies a 
familiar illustration. The same exertions which are 
necessary to send a single letter from Falmouth to 
New York arc sufficient to forward fifty, and nearly 
the same exertions will forward ten thousand. If evc^y 
man were to effect the transmission of his own corre- 
spondence, the whole life of an eminent merchant might 
he passed in travelling, without his being able to de- 
liver all the letters which the Post-office fbrwauls for 
him in a single evening. The lubour of a few indivi- 
duals, devoted exclusively to the forwarding of letters, 
produces results which all the exertions of all the in- 
habitants of Europe could not efiect, each person acting 
independently. 

The utility of government depends on this principle. 

In the rudest state of society each man relies principally 
on himself for the protection both of his person and of 
hi9 property. For these purposes he must 13c always 
armed, and always watchful ; what little property he has 
must be movable, so as never to be far distant from its 
owner. Defence or escape occupy almost all hift 
thoughts, and almost all his time, and, after all these 
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Political sacrifices, they are very imperfectly effected. “ If ever 
Kcon omy. y 0ll see ftIl Q \ { \ mau here,” said an inhabitant of the 
confines of Abyssinia to Bruce, 44 he is a stranger; the 
meutsof nal ives all die young by the lance.” 

Production. But the labour which every individual, who relics on 
Capital, himself for protection, must himself undergo is more 
than sufficient to enable a fc\V individuals to p^tect 
themselves, and also the whole of a numerous com- 
munity. To this may be traced the origin of govern- 
ments. The nucleus of every government must have 
been some person who offered protection in exchange 
for submission. On the governor and those with w hom 
he is associated, or whom he appoints, is devolved the 
care of defending the community from violence and 
fraud. And so far as internal violence is concerned, 
and that is the evil most dreaded in civilized society, it 
is wonderful how small a number of persons can pro- 
vide for the security of multitudes. About fifteen 
thousand soldiers, and not fifteen thousand policemen, 
watchmen, and officers of justice, protect the persons 
and property of the seventeen millions of inhabitants of 
Great Britain. There is scarcely a trude that does not 
engross the labour of a greater number of persons than 
are employed to perform this the most important of all 
services. 

It is obvious, however, that the division of labour on 
which government is founded is subject to peculiar 
evils. Those who are to afford protection must neces- 
sarily be intrusted with power ; and those who rely on 
others for protection lose, in a great measure, the means 
and the will to protect themselves. Under such cir- 
cumstances, the bargain, if it can be called one, between 
the government and its subjects, is not conducted on 
the principles which regulate ordinary exchanges. The 
government generally endeavours to extort from its 
subjects, not merely a fair compensation for its services, 
but all that force or terror can wring from them without 
injuring their powers of further production. In fact, it 
does in general extort much more; for if we look 
through the world we shall find few governments whose 
oppression does not materially injure the prosperity of 
their people. When we read of African and Asiatic 
tyrannies, where millions seem themselves to consider 
their own happiness as dust in the balance compared 
with the caprices of their despot, we are inclined to sup- 
pose the evils of misgovernment to be the worst to 
which man can be exposed. But they are trifles com- 
pared to those which are felt in the absence of govern- 
ment. The moss of the inhabitants of Egypt, Persia, 
and Burundi, or to go as low r as perhaps it is possible, 
the subjects of the Kings of Duhomi and Ashantee, en- 
joy security, if we compare their situation with that of 
the ungoverued inhabitants of New Zealand. So 
6trougly is this felt that there is no tyranny which men 
will not eagerly embrace, if anarchy is to be the alter- 
native. Almost all the differences between the different 
races of men, differences so great that we sometimes 
nearly forget that they all belong to the same species, 
may be traced to the degrees in which they enjoy the 
blessings of good government. If the worst govern- 
ment be better than anarchy, the advantages of the best 
must be incalculable. But the best governments of 
which the world has had experience, those of Great 
Britain and of the Countries which have derived their 
institutions from Great Britain, are far from having at- 
tained the perfection of which they appear to be sus- 
ceptible. In these governments the subordinate duties 


arc generally performed by persons specially educated Political 
for these purposes, the superior ones are not. It seems lvconomy. 
to be supposed that a knowledge of politics, the most 
extensive and the most difficult of all Sciences, is a 
natural appendage to persons holding a high rank in Production, 
society, or may be acquired at intervals snatched from Cubital, 
the bustle and the occupation of laborious and engross- 
ing professions. In despotisms, the principal evils arise 
partly from the ignorance, and partly from the bud 
passions of the rulers. In representative governments, 
they arise principally from their unskilfidnesp. It is to 
be hoped that a further application of the division of 
labour, the principle upon which all government is 
founded, by - providing an appropriate education for 
those who arc to direct the affairs of the State, may pro- 
tect us as cffectually.ngainst suffering under ignorance 
or inexperience in our governors, as we are now pro- 
tected against their injustice. 

Another important consequence of the division of 
labour, and one which Adam Smith, though he has al- 
luded to it, has not prominently stated, is the power 
possessed by every nation of availing itself, to a certain 
extent, of the natural and nctpiired advantages of e\ery 
other portion of the commercial world. # ColuneI Torrens 
is the first writer who has expressly connected foreign 
trade with the division of labour, by designating inter- 
national commerce as 41 the territorial division of 
labour.” 

Nature seems to have intended that mutual depend- 
ence should unite all the inhabitants of the earth into 
otic commercial family. For this purpose she has in- 
definitely diversified her own products in every climate 
and in almost every extensive district. For this pur- 
pose, also, she seems to have Varied so extensively the 
wants and the productive powers of the different races 
of men. The superiority of modern over ancient 
wealth depends in a great measure on the greater use 
we make of these varieties. We annually import into this 
Country about thirty million pounds of tea. The whole 
expense of purchasing and importing this quantity 
does not exceed £2, 250,000, or about Is. fid. a pound, 
a sum equal to the value of the lubour of only 'forty-five 
thousand men, supposing their annual wages to amount 
to £b0 a year. With our agricultural skill, and our 
coal mines, and at the expense of above 40*. a pound in- 
stead of 1*. fid., that is, at the cost of the labour of 
about one million two hundred thousand men instead 
of forty-five thousand, we might produce ourowu tea, 
and enjoy the pride of being independent of China. 

But one million two hundred thousand is about the 
number of all the men engaged in agricultural labour 
throughout England. A single trade, and that not an 
extensive one, supplies as much tea, and that probably 
of a better sort, as could be obtained, if it were possible 
to devote every farm and every garden to its domestic 
production. 

The greater part of the advantage of rather importing 
than growing and manufacturing tea arises, without 
doubt, from Jhe difference between the climates of China 
and England. But a great part also arises from the 
different price of labour in the two Countries. Not 
only the cultivation of the tea plant, but the preparation 
of its leaves, requires much time and attention. The 
money wages of labour are so low in China, that these 
processes add little to the money cost of the tea. In 
England the expense would be intolerable. When a 
nation, in which the powers of production, and con- 
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Political sequently the wages of labour, are high, employs its 
Kconomy. own members in performing duties that could be as 
v— effectually performed by the less valuable labour of less 
Production, civilized nations, it is guilty of the same folly as a fanner 
Capital. w j l0 ghouid plough with a race*horse. 
labour?* 1 ™ Another important consequence of the division of 
labour is the existence of retailers: A class who, with- 
out being themselves employed in the direct production 
of raw or manufactured commodities, are, in fact, the 
persons who supply them to their ultimate purchasers, 
and that at the times and in the portions which the con- 
venience of those purchasers requires. When we look 
at a map of London and its suburbs, and consider that 
that province covered with houses contains more than a 
tenth of the 'inhabitants of England, and consumes 
perhaps one-fifth in value of all that is consumed in Eng- 
land, and obtains what it consumes, not from its own 
resources, but from the whole civilized world, it seems 
marvellous that the daily supply of such multitudes 
should be apportioned with any thing like accuracy to 
their daily wants. It is effected principally by means of 
the retailers. Eacli retailer, the centre of his own system 
of purchasers, knows, by experience, the average amount 
of their period u&l wants. The wholesale dealer, who 
forii)9 the link between the actual producer or importer, 
and the retailer, knows also, by experience, the average 
amount of the demands of his own purchasers, the re- 
tailers ; and is governed by that experience in purchas- 
ing himself from the importer or producer. And the 
average amount of these last purchases affords the data 
oil which the importers and producers regulate the 
whole vast and multifarious supply. It can scarcely be 
necessary to dwell on the further advantages derived 
from the readiness und subdivision of the retailer’s 
stock ; or, to point out the convenience of having to buy 
a steak from a butcher, instead of an ox from a grazier. 
These are the advantages to which we formerly referred, 
as enabling the retailer to obtain a profit proportioned 
to the average time during which his stock in trade re- 
mains in his possession. 

We now proceed to show that the division of labour 
is mainly dependent on Abstinence, or, in other words, 
on the use of Capital. 

“ In that rude state of society,** says Adam Smith, 
“ in which there is no division of labour, in which ex- 
changes are seldom made, and in which every man 
provides every thing for himself, it is not necessury that 
any stock should be accumulated or stored up before- 
hand in order to carry on the business of the society. 
Every man eudeavouvs to supply, by his own industry, 
his own occasional wants os they occur. When he is 
hungry, he goes to the forest to hunt ; when his coat is 
worn out, he clothes himself with the skin of the first 
large animal he kills; and when his hut begins to go to 
ruin, he repairs it as well as he cati with the trees and 
the turf that arc nearest to it. 

“ liut when the division of labour lias once been 
thoroughly introduced, the produce of a man’s own 
labour can supply but a very small part of hjs occasional 
wants. The far greater part of them are supplied by 
the produce of other men’s labour, which he purchases 
with the produce, or, what is the sume thing, with the 
price of the produce of his own. But his purchase 
cannot be made until such time as the produce of his 
own labour has not only been completed, but sold. A 
stock of goods of different kinds, therefore, must be 
stored up somewhere, sufficient to maintain him, and to 
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supply him with the materials and tools of his work, till Political 
such time, at least, as botli these events can be brought Economy, 
about. A weaver cannot upply himself entirely to lhs 
peculiar business, unless there is beforehand stored up Production, 
somewhere, either in his own possession, or in that of 
some other person, a stock sufficient to maintain lum, J^ 011 of 
and to supply him with the materials and tools of his ab ° Ur * 
work, till he has not only completed, but sold lhs web. 

This accumulation must evidently be previous to his up* 
plying his industry for so long a time to such a peculiar 
business.” Wealth of Nations , book ii. Introduction. 

Perhaps this is inaccurately expressed ; there are 
numerous cases in which production and sale are con- 
temporaneous. The most important divisions of labour 
are those which allot to a few members of the commu- 
nity the task of protecting and instructing the re- 
mainder. But their services are sold as they are per- 
formed. And the same remark applies to almost all 
those products to which wc give the name of services. 

Nor is it absolutely uecessary in any case, though, if 
Adam Smith's words were taken literally, such a neces- 
sity might be inferred, that, before a man dedicates 
himself to a peculiar branch of production, a stock of 
goods should be stored up to supply him with subsist- 
ence, materials, and tools, till his own product has been 
completed and sold. That he must be kept supplied 
with those articles is true ; but they need not have been 
stored up before he first sets to work, they may have 
been produced while his work was in progress. Years 
must often elapse between the commencement and sale 
of a picture. But the painter’s subsistence, tools, and 
materials for those years are not stored up before lie sets 
to work : they are produced from time to time during 
the course of his labour. Jt is probable, however, that 
Adam Smith’s real meaning was, not that the identical 
supplies which will be wanted in a course of progressive 
industry must be already collected when the process 
which they are to assist or remunerate is about to be 
begun, but that a fund or source must then exist from 
which they may be drawn as they are required. That 
fund must comprise in specie some of the things 
wanted. The painter must have his canvass, the weaver 
his loom, and materials, not enough, perhaps, to complete 
his web, but to commence it. As to those commodities, 
however, which the workman subsequently requires, it 
is enough if the fund on which he relies is a productive 
fund, keeping pace with his wants, and virtually set 
apart to answer them. 

But if the employment of capital is required for the 
purpose of allowing a single workman to dedicate him- 
self to one pursuit, it is still more obviously necessary 
in order to enable aggregations, or classes of producers, 
to concur, each by his separate exertions, in one pro- 
duction. In such cases even the mere matter of distri- 
bution, the mere apportionment of the price of the finished 
commodity among the different producers requires the 
employment of a considerable capital, and for a con- 
siderable time, or, in other words, a considerable exer- 
tion of abstinence. The produce of independent labour 
belongs by nature to its producer. But where there has 
been a considerable division of labour, the product has 
no one natural owner. If w r e were to attempt to reckon 
up the number of persons engaged in producing a 
single neckclotn, or a single piece of lace, we should 
find the number amount to many thousands ; in fact, 
to many tens of thousands. It is obviously impossible 
that all these persons, even if they could asceilaiu their 
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respective rights ns producers, should act as owners of 
the neckcloth nr the luce, and sell it for their common 
benefit. 

This difficulty is got over by distinguishing those 
who assist in production by advancing capital, from 
those who contribute only labour — a distinction often 
marked by the terms master and workman ; and by arrang- 
ing into separate groups the (litre rent capitalists and 
workmen engaged in distinct processes, and letting 
each capitalist, us he passes on the commodity, receive 
from his immediate successor the price both of his own 
abstinence and of his workmen’s labour. 

It may be interesting to trace this process in the 
history of a coloured neckcloth or a piece of lace. The 
cotton of which it is formed may be supposed to have 
been grown by some Tenessee or Louisiana planter. 
For this purpose he must have employed labourers in 
preparing the soil and planting and attending to the 
shrub for more than a year before its pod ripened. 
When the pod became ripe, considerable labour, assisted 
by ingenious machinery, was necessary to extricate the 
seeds from the wool. The fleece thus cleaned was 
carried down the Mississippi to New Orleans, and there 
sold to a cotton factor. The price at which it was sold 
must have been sufficient, in the first place, to repay to 
the planter the wages which had been paid by him to 
all those employed in its production and carriage ; and, 
secondly, to pay him a profit proportioned to the time 
which had elapsed between the payment of those wages and 
the sale of the cotton ; or, in oilier words, to remunerate 
him for his abstinence in having so long deprived him- 
self of the use of his money, or of the pleasure which he 
might have received from the labour of his work-people, if, 
instead of cultivating cotton, lie had employed them in 
contributing to his own immediate enjoyment. The 
New Orleans factor, after keeping it perhaps five or six 
months, sold it to a Liverpool merchant. Scarcely any 
labour could have been expended on it at New Orleans, 
and, in the absence of accidental circumstances, its 
price was increased only by the profit of the cotton 
factor. A profit which was the remuneration of his 
abstinence in delating, for five or six months, the 
gratification which he might have obtained by the ex- 
penditure on himself of the price paid by him to the 
planter. The Liverpool merchant brought it to Eng- 
land and sold it to a Manchester spinner. lie must 
have sold it at a price which would repay, in the first 
place, the price at which it was bought from the fuctor 
at New Orleans; in the second place, the freight from 
thence to Liverpool ; (which freight includes a portion 
of the wages of the seamen, and of the wages of those 
who built the vessel, of the profits of those who ad- 
vanced those wages before the vessel was completed, of 
the wages and profits of those who imported the materials 
of which that vessel was built, and, in fact, of a chain of 
wages and profits extending to the earliest dawn of 
civilization ;) and, thirdly, the merchant’s profit for the 
time that these payments were made before his sale to 
the manufacturer was completed. 

The spinner subjected it to the action of his 
work-people and machinery, until he reduced part, of 
it into the thread applicable to weaving muslin, and 
part into the still finer thread that can be formed into 
lace. 

The thread thus produced he sold to the weaver and 
to the lacemaker; at a price repaying, in addition to the 
price that was paid to the merchant, first, the wages of 


the work-people immediately engaged in the manufac- Political 
ture; secondly, the wages and profits of all those who conomy. 
supplied, by the labour of previous years, the buildings 
and machinery ; and, thirdly, the profit of the master Capital, 
spinner. It would be tedious to trace the transmission Division of 
of the thread from the weaver to the bleacher, from the labour, 
bleacher to the printer, from the printer to the whole- 
sale warehouseman, from him to the retailer, and thence 
to the ultimate purchaser; or even its shorter progress 
tram the lacemaker to the embroiderer, and thence to 
the ultimate purchaser. At every step a fresh capitalist 
repays all the previous advances, subjects the article, if 
unfinished, to further processes, advances the wages of 
those engaged in its further manufacture and transport, 
and is ultimately repaid by the capitalist next in order 
all his own advances^and a profit proportioned to the 
time during which lie has abstained from the unproduc- 
tive enjoyment of the capital thus employed. 

It will be observed, that we have not mentioned the 
taxation that must have been incurred throughout the 
whole process which we have described, or the rent that 
must have been paid for the use of the various appro- 
priated natural agents whose services were requisite or 
beneficial. We have left rent unnoticed, because its 
amount depends so much on accident that any further 
(illusion to it would have much increased the complexity 
of the subject. We have not expressly mentioned taxa- 
tion, because it is included under the heads which we 
have enumerated. The -money raised by taxation is 
employed in paying the wages and profits of those who 
pei form, or cause to be performed, the most important 
of all services, the protecting the community from fraud 
and violence. Those who are thus employed afford pre- 
cisely the same assistance to the merchant or the manu- 
facturer, as the private watchman who protects the 
warehouse, or the smith who fortifies it with burs and 
padlocks. 

Our limits prohibit our attempting to trace the gra- 
dual increase of the value of a pound of cotton from the 
time it was gathered on the banks of the Mississippi, till 
it appears in a Bond Street window as a piece of elabo- 
rate lace. We should probably be understating the dif- 
ference if we were to say that the last price was u thou- 
sand times the first. The price of a pound of the finest 
cotton wool, as it is gathered, is less than two shillings. 

A pound of the finest cotton lace might easily be worth 
more than a hundred guineas. No means, except the 
separation of the functions of the capitalist from those 
of the labourer, and the constant advance of capital 
from one capitalist to another, could enable so many 
thousand producers to direct their efforts to one object, 
to continue them for so long a period, and to adjust the 
reward for their respective sacrifices. 

Productiveness of Labour in Agriculture and Manufac- 
tures . Fourth Elementary Proposition. 

Before wc quit the subject of production, it is necessary Productive- 
to explain an important difference between the efficiency ness of la- 
of the different productive instruments when employed bol l r 
in cultivating tlie earth, and their efficiency when em- and^manu- 
ployed in preparing for human use the raw produce facturog. 
obtained by agriculture : or, in other words, between the 
efficiency of agricultural and manufacturing industry. 

In the course of this discussion we shall illustrate the last 
of the four elementary propositions on which we believe 
the Science of Political Economy to rest; namely, 
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Political ^at, agricultural skill remaining the same t additional 
Economy, labour employed on the land within a given district 
— * v *"*" > ' produces in general a less proportionate return . 
Produdioif. The difference between the efficiency of agricultural and 
Productive- 0 f manufacturing industry which we have now to consider, 
Uourinacri- consists in the power which agricultural industry pos- 
culture and sesses, and manufacturing industry does not possess, of 
manufac- obtaining ail additional product from the same materials, 
turcs. We h ave scen that the use of implements and the divi- 
sion of labour assist the exertions of man to an extent 
quite incalculable at present, and apparently capable of 
indefinite increase. But manufacturing improvements, 
though they enable one man to do the work of hundreds 
or of thousands, — though they enable the same amount 
of labour employed on the same materials to produce a 
more and more useful commodity, cannot enable the 
same amount of labour, or even increased labour, em- 
ployed on the same quantity of material * , to produce a 
much larger amount of finished work of the same quality, 
than could have been produced before. If the labour 
and the skill now employed throughout England on the 
manufacture of cotton were doubled, but the quantity of 
raw materials remained the same, the quantity of manu- 
factured product could not be sensibly increased. The 
value of that produge might perhaps be much increased, 
it might be made much finer, and consequently of grenter 
length or breadth ; but supposing the quality of the 
produce unaltered, its quantity could be increased only 
by tiic saving which might be made of that small por- 
tion of the raw material which now is wasted. 

The case of agriculture is different. Those regions, 
indeed, which lie within the limits of perennial snow, or 
consist of rock or Inn^c sand, or precipitous mountain, 
are unsusceptible of improvement. But with these ex- 
ceptions, the produce of every extensive district seems 
capable of being almost, indefinitely increased by con- 
stantly increasing the labour bestowed on it. "Nothing 
appears more hopelessly barren than an extensive bog 
with its black-looking pools and rushy vegetation. But, 
by draining, by burning the limestone on which, in Ire- 
land at least, it generally rests, and by employing the 
lime to convcit the matted fibres of the turf into a vege- 
table mould, the bog may Ijc made not only productive 
but fertile. There are about thirty-seven millions of 
acres in England and Wales. Of these it has been 
calculated that not eighty-five thousand, less in fact 
than one four-hundredth part, are in a state of high cul- 
tivation, as hop grounds, nursery grounds, and fruit 
and kitchen gurdens ; and that five millions are waste. 
All that is not waste is productively employed, but how 
small is its produce compared to the amount to which 
unlimited labour and abstinence might raise it! If the 
utmost use were made of lime and marl and the other 
mineral manures ; if by u perfect system of drainage and 
irrigation water were nowhere allowed to be excessive or 
deficient ; if all our wastes were protected by enclosures 
and plauting, if all the land in tillage, instead of being 
scratched by the plough, were deeply and repeatedly 
trenched by manual labour; if minute case were em- 
ployed in the selecting and* planting of every seed or 
root, and watchfulness sufficient to prevent the appear- 
ance of a weed ; if all live stock, instead of being pas- 
tured, had their food cut and brought to them; in short, 
if the whole Country were subjected to the labour which 
a rich citizen lavishes on his patch ©^suburban garden ; 
if it were possible that all this should be effected, the 
agricultural produce 'of the Country might be taised to 


163 

ten times, or indeed to much more than ten times its Political 
present amount. No additional labour or machinery Economy, 
can work up a pound of raw cotton into more than a 
pound of manufactured cotton ; but the same bushel w 'f Production, 
seed-corn, and the same rood of laud, according to the 
labour and skill with which they arc treated, inay pro C," i’n 
duce four bushels, or eight bushels, or sixteen. mium* ,7nd 

But although the land in England is capable of pro- 
ducing ten times, or more than ten times as much as it UuKi " 
now produces, it is probable that its present produce will 
never be quadrupled, and almost certain that it will 
never be decupled. 

On the other hand, unless our manufactures be 
checked by war, or by the continuance or introduction 
of legislative enactments unfavourable to their progress, 
their produce nniv increase during the next century at 
the same rate, or at a still greater rote, than it inci cased 
during the liM century, ft may be quadrupled, or 
much more than quadrupled. 

The advantage possessed by land in repaying in- 
creased labour, though employed on the same materials, 
with a constantly increasing produce, is overbalanced by 
the diminishing proportion which the increase of the 
produce generally bears to (he increase of the labour. 

And the disadvantage of manufactures in requiring for 
every increase of produce an equal increase of materials, 
is overbalanced by the constantly increasing facility with 
which the increase d quantity of mateiials is worked up. 

A century ago the average annual import of cotton 
wool into Great Britain was about one million two 
hundred thousand pounds. The amount now annually 
manufactured in Great Britain exceeds two hundred and 
forty millions of pounds. But though the materials 
now manufactured are increased at least two hundred 
times, it is obvious that the labour necessary to manu- 
facture them has not increased two hundred times. It 
may be doubted whether it has increased thirty times. 

The whole number of families in Great Britain, exclu- 
sively of those employed in agriculture, amounted, at the 
enumeration in 1831, to 2.1a3,0 W; if we suppose the 
transport, manufacture, and sale of cotton to employ about 
one-eighth of them, or about 300,000 families, it is a 
large allowance. But with the inefficient machinery 
in use a century ago, the annual manufacture of one 
million two hundred thousand pounds of cotton could 
not have required the annual labour of less than ten 
thousand families. It probably required many more. 

The result has been that, although we now require two 
hundred times as much of the ruw material as was re- 
quired a century ago, and although that additional 
quantity of raw material is probably obtained from the 
soil by more than two hundred times the labour that 
was necessary to obtain the smaller quantity, yet, in 
consequence of the diminution of the labour necessary 
to manufacture a given amount, the price of the manu- 
factured commodity (a price which exhibits the sum of 
the labour necessary for both obtaining the materials 
and working them up) has constantly diminished. In 
1786, when our annual import was about twenty millions 
of pounds of cotton wool, the price of the yarn denomi- 
nated No. 100 was 3<Ss. a pound. In 1792, when the im- 
port amounted to thirty-four millions of pounds the price 
of the same yarn was 16.s\ a pound. In 1806, when the 
import amounted to sixty millions, the price of the yarn had 
fallen to 7s. 2d. a pound; and with the increased quantity 
manufactured, it lias now fallen below' 3*. n pound. 

Every increase in the quantity manufactured has been 
z 2 
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Political accompanied by improvements in machinery, and an in- 
* creased division of labour, and their effects have much 

Production. more than balanced any increase which may have taken 
Productive- place in the proportionate labour necessary to produce 
ness of la- the raw material. 

bourmagri- The proposition that, in agriculture, additional labour 
manufac-”^ £ enera ^y produces a less proportionate result, or, in 
tures. other words, that the labour of twenty men employed on 
the land within a given district, though it will certainly 
produce more than that often men, will seldom produce 
twice as much, will be best illustrated by confining our 
attention to a single example. 

We will suppose a farm consisting of one thousand acres, 
two hundred very good land, three hundred merely tole- 
rable, and the remainder barren down, affording only u 
scanty sheep-walk. We will suppose the farmer to em- 
ploy upon it twenty men, and to obtain an average 
annual product, which, to reduce it to a single denomi- 
nation, we will call six hundred quarters of wheat. We 
will suppose him now to double the number of his 
labourers, and we shall see what probability there is 
that the produce will consequently be doubled. If 
the twenty additional labourers are employed in culti- 
vating the clown land, they must necessarily produce a 
less return than that which is produced on the other 
land by the previous twenty, as the land is supposed to 
be worse. It is equally clear that their labour, if applied 
to the land already in cultivation, will be less productive 
than the labour previously applied to it ; or, in other 
words, that the produce of thut land, though increased, 
will not be doubled, since on no other principle can we 
account for any land except the very best ha\ing been 
ever cultivated. For if the farmer could have gone on 
applying additional labour to land already in cultiva- 
tion without any diminution ill the proportionate return, 
it is e’ear that he never would have cultivated the three 
hundred acres of inferior laud. In fact, if this were the 
case, if additional labour employed in agriculture gave a 
proportionate return, he never need have cultivated 
more thau a single acre, or even a single rood. It is 
probable that in the supposed case he would employ 
some of his additional labourers in breaking up a por- 
tion of the down, and some of them in cultivating more 
highly the land already in tillage. So employed, they 
might produce an additional crop of four hundred, or 
five hundred, or five hundred and fifty quarters, but it is 
certain that the additional crop would not be equal to the 
whole six hundred previously obtained: the produce 
would be increased, but would not be doubled. 

This imaginary farm is a miniature of the whole King- 
dom. We have in England large tracks of barren waste, 
and we have under cultivation soil of every description of 
fertility, from that which produces forty bushels of wheat 
an acre to that which produces, with the same labour, 
and on the same extent of land, only twelve or thirteen. 
If additional produce is to be raised, the resource, ge- 
nerally speaking, must be either the cultivation of what 
has been as yet untilled on account of its barrenness, or 
the employment of additional labour on what is now in 
cultivation. That in either case the additional produce is 
not likely to be in the proportion of the additional labour 
is as obvious in the case of the whole Kingdom as it 
has appeared to be in that of a single farm. 

But the proposition which we have been endeavouring 
to illustrate, though general, is not universal ; it is sub- 
ject to material exceptions. In the first place, the 
negligence or ignorance of the occupier, or proprietor, 


or obstacles of ownership, often prevent for a long time Political 
particular portions of land from being subjected to the Economy 
average degree of labour bestowed on land of equal 
capability. Increased labour, when at leugth bestowed 
on land so circumstanced, may fairly be expected to be ness of ia- 
as productive, indeed more productive, than the average bourinagr 
of agricultural labour. Advantages of this kind have owlluro au 
sometimes been derived from extensive operations of jilrei C " 
drainage and embankment ; but the chances of great 
profit arc so apt to blind men to the amount of phy- 
sical obstacles, that projects of this kind arc perhaps 
more frequently attempted prematurely than deferred 
till after the time when an increased demand for raw 
produce first rendered them fair speculations. Under- 
takings which have been postponed in consequence of 
obstacles arising from ownership are far more fre- 
quently productive. *Fhe enclosure of a common often 
subjects to the plough laud of which the former unpro- 
ductiveness was not owing to deficient fertility. Effects 
similar in kind, though not in degree, often take place 
when an estate becomes unfettered after the title has 
been long so circumstanced that the farmers could not 
rely on the duration or renewal of their leases. In these 
cases considerable additional produce may often be 
obtained by a comparatively small addition of labour. 

But the most important exception to the general rule 
lakes place when increase of labour is accompanied by 
increase of skill. More efficient implements, a better 
rotution of crops, a greater division of labour, in short, 
improvements in the ait of agriculture, gcnei ally accom- 
pany the increase of agricultural labour. They always 
accompany that increase when it is accompanied by an 
increase of the capital as well as of the population of a 
Country ; and they always counteract, and often out- 
weigh, the inferiority or diminished proportional powers 
of the soil to which they are applied. 

The total amount of the annual agricultural produce 
of Great Britain has much more than doubled during the 
last hundred years; hut it is highly improbable that 
the amount of labour annually employed in agriculture 
has also doubled. It is not supposed that during that 
period the population of Great Britain has more than 
doubled ; and the principal increase has till lately been 
in the manufacturing districts. The last hundred years, 
with all their misfortunes, form the most prosperous 
period of our History. We owe to them the enclosure 
of millions of acres formerly almost useless common 
field ; we owe to them almost all that we possess that 
deserves the name of Agricultural Science ; and we owe 
to them also ull the cauals, and almost all the roads, 
which, by obviating iti a great measure the accidents 
of situation, enable the amount of labour to bear through* 
out the Kingdom something like an average proportion 
to the quality of the soil on which it is employed. It is 
possible, though certainly not probable, that our pro- 
gress may be equal during the next hundred years ; but 
though indefinite, it certainly caunot be infinite. It is 
obviously impossible that the produce of the soil of a 
given district can increase geometrically for ever, what- 
ever be the amount of the labour employed ou it. 

On the other hand, every increase in the number of 
manufacturing labourers is accompanied not merely by a 
corresponding but by an increased productive power. If 
three hundred thousand families are now employed in 
Great Britain to manufacture and transport two hundred 
and forty millions of pounds of cotton, it is absolutely 
certain that six hundred thousand families could manu- 
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Political faciure and transport four hundred and eighty millions of 
Economy. p 0 „ nt j so f cotton. It is, in fact, certain that they could do 
Production mi,cb more * It ,s nwt improbable that they could manu- 
Prodiictive- factureand transport seven hundred and twenty millions, 
ness of to- The only check by which we can predict that the progress 
Lour in ngri- of our manufactures will in time be retarded, is the in- 
ciilturo and cre asing difficulty of importing materials and food. If 
turcs! aC " the importation of raw produce could keep pace with 
the power of working it up, there would be no limit to 
the increase of wealth and population. 

Distribution • 

Disfribu- Of the three great branches of Political Economy, 
tion, the nature, the production, and the distribution of wealth, 
we have now considered the twp former, and we pro- 
ceed to treat of the last, namely, of the laws according 
to which all that is produced is distributed among those 
who become its ultimate consumers. In that state of 
society which is presupposed by the Political Economist* 
this is principally effected by means of exchange. We 
may indeed conceive a state of human existence ad- 
mitting of this distribution without the intervention of 
exchanges. Bflt such a situation of society, if it can he 
called society, neither dcser\cs nor requires scientific 
investigation. Political Economy considers men ill 
that more advanced slate, which may fairly be called 
their natural state, since it is the state to which they 
arc impelled by the provisions of nature, in which each 
individual relies on his fellows for the greater part, 
in many cases for the whole of what he consumes, and 
supplies his own wants principally or wholly by the ex- 
changes in which he contributes to theirs. 

Hut we must admit that we use each of the words pro- 
duction and exchange in a sense lather more extensive 
than is usual. We ha\c already stated that we apply the 
word production to much that would commonly be called 
appropriation, and that we include under exchanges what 
are usually termed public burdens. We consider all 
that is received by the officers of Government as given 
in exchange for services affording protection, more or 
less complete, against foreign or domestic violence or 
fraud. It is true, as we have already remarked, that 
this exchange is conducted on peculiar principles. In 
those Governments which are not democratic or re- 
presentative, the rulers themselves assess the amount 
which they are to receive, and generally assess it at 
the utmost which, under such circumstances, can he 
extorted from their subjects. And even under repre- 
sentative or democratic institutions, no individual in- 
habitant is permitted to refuse his share of the general 
contribution, though he should disclaim his share in the 
general protection. But the transaction, though often 
involuntary, and still more often inequitable, is still an 
exchange, and on the whole a beneficial exchange. The 
worst and most inefficient Government affords to its sub- 
jects a cheaper and a more effectual protection than 
tl^ey could obtain by their individual and unaided 
exertions. 

The laws by which exchanges are regulated may be 
divided into two great branches. The one comprises 
those laws which apply generally to all exchanges; 
the other those which apply specifically to the respec- 
tive kinds of exchanges in which the owners of the dif- 
ferent productive instruments exchange specifically with 
one another the produce of those instruments. 

In treating of the one we have to consider the general 


laws which regulate exchanges ; in treating of the other, Political 
the relative proportions in which different classes of the Kconom y* 
community benefit by those laws. The things ex- 
changed will be the principal subjects of the one dis- ™ 8 * ribu ‘ 
cussion, the exchanging parties of the other. Nomencl*. 

One of the greatest difficulties to which a writer on ture. 
Political Economy is exposed, arises from the mutual 
dependence of the different propositions constituting the 
Science ; a dependence which makes it difficult to ex- 
plain any one without a frequent allusion to many others. 

And this is particularly the case with respect to distri- 
bution- The proportions in which different classes of 
the community ure entitled to the things that are pro- 
duced cannot be explained without a constant reference 
to the general laws of exchange ; and, on the other hand, 
those laws cannot be discussed without a constant re- 
ference to the exchanging parties. Admitting, as we 
are forced to do, that no arrangement can he free from 
objection, we have thought that the least objectionable 
mode of presenting the subject of distribution will be 
to begin by a general classification of the parties among 
whom the results of the different instruments of produc- 
tion are divided ; then to proceed to state the general 
laws of exchange; and, lastly, to point out the general cir- 
cumstances which decide in what proportions the different 
classes of the community share in the general distri- 
bution. 

According to the usuul language of Political Econo- 
mists, labour, capital, and land are the three instruments 
of production ; labourers, capitalists, ami landlords are 
the three classes of producers ; and the whole produce is 
divided into wages, profit, ami rent: the first designat- 
ing the labourer’s share, the second that of the capitalist, 
and the third that of the landlord. We approve, on the 
whole, of the principles on which this classification is 
founded, but we have been forced, much against our 
will, to make considerable alterations in the language 
in which it has been usually expressed ; to add some 
new terms, and to enlarge and contract the signification 
of some ollicis. 

It appears to us that, to have a nomenclature which 
should fully and precisely indicate the facts of the ease, 
not less than twelve distinct terms would be necessary. 

For each class there ought to be a name for the instru- 
ment employed or exercised, a name for the class of 
persojis who employ or exercise it, a name for the act of 
employing or exercising it, aud a name for the share of 
the produce by which that act is remunerated. Of 
these terms we have not much more than half, as will 
appear if we examine each class separately. 

For the first class we have the terms “ to labour," 

“ a labourer, and “wages.” Neither of these terms 
expresses the instruments of production : the substantive 
“ labour/’ and the verb 11 to labour ,’ 1 express merely mi 
act. 14 A labourer” is an agent, and wages are a result : 
but what is the thing employed? what is it that the 
labourer exerts? Clearly his mental or bodily facul- 
ties. With the addition of this term the nomenclature 
of the first class will be complete. To labour is to em- 
ploy strength of body or mind for the purpose of pro- 
duction ; the person who does so is a labourer, and 
wages are his remuneration. 

In the second class we have the words capital, capi- 
talist, and profit. These terms express the instrument, 
the person who employs or exercises it, and his remu- 
neration ; but there is no familiar term to express the act, 
the conduct of which profit is the reward, and which 
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Political bca:s the same relation to profit which labour does to 
Kconorny.^ wn g eg# To com i uc t. wc have already given the 
DisUilm- na,ne abstinence. The addition of this term will 
tion. complete the nomenclature of the second class. Capital 
Nomencla- is on article of wealth, the result of human exertion, em- 
tun?. ployed in the production or distribution of wealth. Ab- 
stinence expresses both the act of abstaining from the 
unproductive use of capital, and also the similar con- 
duct of the man who devotes his labour to the produc- 
tion of remote rather than of immediate results. The 
person who so acts is a capitalist, the reward of his con- 
duct is profit. 

The defectiveness of the established nomenclature is 
more striking when we come to the third class. Wages 
and profits are the creation of man. They are the re- 
compense for the sacrifice made in the one case, of ease, 
in the other, of immediate enjoyment. But a consider- 
able part of the produce of every Country is the recom- 
pense of r»o sacrifice whatever ; is received by those who 
neither labour nor put by, but merely hold out their 
hands to accept the offerings of the rest of the com- 
munity. 

The powers of nature, as distinguished from those 
of man, are necessary to afFord a field for the exer- 
cise of human abstinence and labour. Of these, some 
from their abundance and the notoriety of the means 
of employing them, arc incapable of appropriation. 
Being unixersally accessible, they bear no price notwith- 
standing their utility ; and what has been produced with 
their assistance has no value beyond that of t he labour 
and abstinence which it has cost. Jt sells therefore for 
a price equal to, but not exceeding, the sum of the wages 
and profits which must be paid if the production is to 
be continued. The agency of nature is equally essen- 
tial to the production of timber in the forests of Upper 
Canada and in England. But the supply of timber in 
the forests of Upper Canada is practically unlimited. 
No portion of the price of a Canadian hut is paid for 
the agency of nature in producing the logs of which it 
is constructed. The pine while standing was valueless. 
The purchaser pays only for the labour and abstinence 
necessary to fell and to fashion it. 

But the assistance of an appropriated natural agent 
may render possible the production of a commodity more' 
valuable than the result of equal labour and abstinence 
without such assistance. Such a commodity sells for 
a price exceeding the sum of the wages and profits 
which are sufficient to repay the capitalist ami the la- 
bourer who have been employed on it. The surplus is 
taken hv the proprietor of the natural agent, and is his 
reward, not for having laboured or abstained, but sim- 
ply tor in »t having withheld what he was able to with- 
hold ; for hasing permitted the gifts of nature to be ac- 
cepted. 

If wc subtract from the price of an English oak what 
must be paid for the labour of him who planted the 
sapling, and for the abstinence of those who allowed it 
to grow for a century, still something is to be paid fbr 
the use of the land by which it was nourished. And 
that is the price of the agency not of man but of nn'iirc. 

Of the agents afforded by nature, the principal is the 
land with its rivers, ports, and mines. In the rare ern es 
in which the quantity of useful land is practically un- 
limited, a state of things which occurs only in the early 
stages of colonization, land is an agent universally ac- 
cessible, and, as nothing is paid for its use, the whole 
produce belongs to the cultivators, and is divided, under 


the name9 of wages and profit, between the capitalists and 
the labourers, of w hose abstinence and industry it is the , ^ 
result. # Distribu- 

But in all old Countries, and even in colonies within tion. 
a very few years after their foundation, certain lands, Nomencla 
from peculiar advantages of soil or situation, are found tuvo * 
to make more than the average return to a given expen- 
diture of capital and industry. The proprietor of such 
lands, if he cultivate them himself, receives a surplus 
after having paid the wages of his labourers and de- 
ducted the profit to which he is entitled on his capital. 

He of course receives the same surplus if, instead of 
cultivating them himself, he lets them out to some other 
capitalist. The tenant receives the same profit, and the 
labourers receive the same wuges as if they were em- 
ployed on land possessing merely average natural ad- 
vantages ; the surplus forms the rent of the proprietor, 
or, as we usually term him, the landlord. The whole 
produce, instead of two, is divided into three shares — rent, 
profit, and wages. If the owner is also the capitalist or 
farmer, he receives two of these shores, both the profit 
and the rent. If he allow it to be cultivated by the 
capital of another, lie receives only rent. But rent, 
with or without profit, he necessarily* receives. And 
w hen the whole of a Country has been appropriated, 
though it be true, as will he shown hereafter, that some 
of the produce is raised by the application of additional 
capital without payment of additional rent, and may 
therefore be said to 1>.» raised rent free, yet it is equally 
true that a rent is rcccivu! from e\ery rultixated acre; a 
rent rising nr falling according to the accidents of Mill 
and situation, but the necessary icsult of limited extent 
and productive power. 

It is ohxious, howoxer, as xve have already stated, that 
land, though the principal, is not the only natural agent 
that can be appropriated. The mere knowledge of the 
operations of nature, as long us the use of that know- 
ledge can be confined either by secrecy or by law, 
creates a roxenue to its possessor analogous to the rent 
of land. The knowledge of the effect on the fibres of 
cotton of rollers moving with different velocities, enabled 
a village barber to found in a very few years a more than 
aristocratic: fortune. Still greater wealth might pro- 
bably have been acquired by Dr. Jenner, if he could 
have borue somewhat to limit the benefits which he has 
conferred on mankind. 

When the author of a useful discovery puts it himself 
in practice, he is like a proprietor farming his own pro- 
perty ; the produce, after paying average wages for 
the labour, and average profits for the capital, employed, 
affords a still further rexemie, the effect not of that capi- 
tal or of that labour, but of the discovery, the creation 
not of man but of nature. If, instead of using it himself, 
he let out to another the privilege of using it, he ob- 
tains a revenue so precisely resembling the rent of land 
that it often receives the same name. The payment 
made by a manufacturer to a patentee for the privilege 
of using the patent process is usually termed in com- 
mercial language a rent ; and under the same head must 
be ranked all the peculiur advantages of situation or con- 
nection, imd all extraordinary qualities of body and mind. 

The surplus revenue which they occasion beyond ave- 
rage wages and profits is a revenue for which no addi- 
tional sacrifice has been made. The proprietor of these ad- 
\ outages differs from a landlord only in the circumstance 
that be cannot in general let them out to be used by 
another, and must consequently either allow them lobe 
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Political useless or turn them to account himself. lie is forced, 
Economy. t j iere f ore# always to employ on them his own industry, 
and generally his own capital, and receives not only 
tion. H U " rent but wages and profit. If, therefore, the established 
Nomencla- division is adhered to, and all that is produced is to be 
tine. divided into rent, protit, and wages, — and certainly that 

appears to be the most convenient classification ; — and if 
wages and profit are to be considered as the rewards of 
peculiar sacrifices, the former the remuneration for 
labour, and the latter for abstinence from immediate 
enjoyment, it is clear that under the term " rent” must 
be included all that is obtained without any sacrifice ; 
or, which is the same thing, beyond the remuneration 
for that sacrifice ; all that nature or fortune bestows either 
without any exertion on the part of the recipient, or in 
addition to the average remuneration for the exercise 
of industry or the employment of capital. 

But though we see no objection to this extension of 
the word rent, the terms land and landlord are too pre- 
cise to admit of being equally extended. It would be 
too great an innovation to include under the term land 
every natural agent which is capable of appropriation, 
or uuder the term landlord every proprietor of such an 
agent. For thfcse terms wc must substitute those of 
natural agent, and proprietor of a natural agent. And 
the third class will then have a term for the third instru- 
ment of production, a term for the owner of that in- 
strument, and a term for the share which he receives of 
the produce: terms corresponding with the terms facul- 
ties of body and mind, labourer, and wages, as applied 
to the first class, and with capital, capitalist, and profit, 
ns applied to the second. VVe shall still want a term 
corresponding' with labour and abstinence,--- -a term in- 
dicating the conduct, which enables the proprietor of a 
natural agent to receive a rent. But as this conduct 
implies no sacrifice, — as it consists merely in not siiileiing 
the instrument of which he is the owner to he useless, 
it perhaps does not require a distinct designation. When 
a man possesses an estate, we take it for giaiited that he 
does not allow it to lie waste, but either uses it himself, 
or lets it to a tenant. In ordinary language the receipt 
of rent is included under the term ownership. There 
will therefore be little danger of obscurity if we consider 
the word “ possess;" when applied to the proprietor of 
a natural agendas implying the receipt of the advantages 
afforded by that agent, or, fn other words, of rent. 
Talents, indeed, often he idle, but in that cuse they may 
be considered for economical purposes as not possessed. 
In fact, unaccompanied by the will to use them, they are 
useless. 

But though the whole produce may be considered as 
divided into three shares, one of which is taken by the 
capitalists, another by the labourers, and another by the 
proprietors of the natural agents which have concurred 
in the production, it is very seldom that any given 
commodity, or the produce of any one productive ex- 
ertion, is thus actually divided. The nearest approach 
to it takes place in those cases in which producers be- 
longiug to different classes become partners and agree 
that the produce of their joint exertions shall be sold 
and the price divided betweeu them. Such a partner- 
ship is often formed between a capitalist and his labourers 
when the success of the enterprise depends much on the 
zeal of the labourers, and the capitalist is unable to over- 
look them. Such is the case in the Greenland fishery. 
The men seldom receive preascertained wages, hut, on 
the termination of the voyage, the blubber is sold, and 


the price divided between the owners and the crew Political 
The practice is the same in privateering, and probably Economy* 
in many other maritime speculations. Somewhat similar v -v-—' 
is the mode of letting land called the metayei s\stem. ^bibu- 
Under that system, which is still common in the Conti- 
nenl of Europe, and probably is always to he found in t -^* nda ^ 
a certain state of society, the landlord supplies the capi- 
tal as well as the luud, and receives half the crop, the 
remainder forming the wages of the tenant or head- 
labourer, and of tlie inferior work people in his employ. 

But these ere exceptions occasioned by the peculiarities 
of the adventure, or by the poverty or ignorance of imper- 
fect civilization. The usual practice is to consider one 
of the parties as entitled to the whole product, paying 
to the others a price for their co-operation. The person 
so entitled is uniformly the capitalist : the sums which he 
pays for wages aud rent are the purchase-money tor the 
services of the labourer, and for the use of the nutural 
agent employed. 

In most cases a considerable interval elapses between 
the period at which the natural agent and the labourer 
are first employed, and the completion of the product. 

In this climate the harvest is seldom reaped until nearly 
a year after it has been sown ; a still longer time is 
required for the maturity of oxen ; and a longer still for 
that of a horse ; and sixty or seventy years may pass 
between the commencement of a plantation, and the 
time at which the timber is saleable. It is obvious that 
neither the landlord nor the labourer, as such, can wait 
during all this interval for their remuneration. The 
doing so would, in fact, be an act of abstinence. It 
would be the employment of land and labour in order 
to obtain remote results. This sacrifice is made by the 
capitalist, and he is repaid for it by his appropriate re- 
muneration, profit. He advances to the landlord and 
the labourer, and in most cases to some previous capi- 
talist, the price of their respective assistance ; or, iu other 
words, the hire of the land and capital belonging to one, 
and of the mental and bodily powers of another, and 
becomes solely entitled to the whole of the product. The 
success of his operations depends oil the proportion 
which the value of tlml produce, (or, in commercial 
language, the value of his ictiirns) bears to the value of 
his advances, taking into consideration the lime for 
which those advances have been made. If the value of 
the return is inferior to that of the advance, he is ob- 
viously a loser ; he is a loser if it be merely equal, as he 
has incurred abstinence without profit, or, in ordinary 
language, has lost the interest on his capital. He is a 
loser even if the value of his returns do not exceed that 
of his advances by an amount equal to the current rate 
of profit for the period during which the advance has 
been made. In any of these cases the product is sold, 
so fur as the capitalist is concerned, for less than the 
cost of its production. The employment of capital, 
therefore, is necessarily a speculation ; it is the purchase 
of so much productive power which may or may not 
occasion a remunerative return. 

The common language of Economists, therefore, which 
describes the landlord, the capitalist, and the labourer 
as sharers of the produce, is a fiction. Almost all that 
is produced is iu the first instance the property of the 
capitalist; he bus purchased it by having previously 
paid the rent aud wages, and incurred or paid for the 
abstinence, which were necessary to its production. A 
portion of it, but generally a small portion, he consumes 
himself in the state in which he receives it; the re^ 
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Political muinder he sells. He may, if he think fit, employ the 
^Kcoiiomy. p r j ce 0 f that fi c sells j a purchases for his own grati- 
])istribu- fiction ; but he cannot remain a capitalist unless he 
tion. * consent to employ some portion of it in the hire of the 
Nomcucla* land and labour, by the assistance of which the process 
ture. of production is to be continued or recommenced. He 
cannot, generally speaking, fully retain his situation as 
a capitalist unless he employ enough to hire as much 
land and labour as before; aiul if he wish to raise 
himself in the world, he must, generally speaking, not 
merely keep up but iucreasc the sum which he devotes 
to the purchase of productive force. If, for instance, he 
has hired the use of a farm for a year for £ 1000, and 
has paid £‘2000 more as wages to his labourers, and has 
expended £*1000 in the purchase, from other capitalists, 
of agricultural stock, nnd at the end of the year has sold 
the produce for £4400, he may, if he like, spend on his 
own gratification the whole of that £4400; or he muy 
so spend only £400, and employ the rest in hiring the 
farm and the labourers, and purchasing stock for another 
year ; or he may spend on himself only £200 f and by 
employing productively £4200 instead of £4000, hire 
more land, or more labourers, or purchase more stock 
and provide for the increase of his capital and his profit. 
But in whatever way he employ his £4400, he still 
must pay it to landlords, (using that word to comprise ull 
proprietors of natural agents,) capitalists, and labourers. 

It has been objected, however, that this nomenclature 
is incomplete. Rent, profit, and wages, it has been suid, 
designate only those portions of the annual produce 
which the producers consume for their own gratification. 
They form the revenue of a nation. A further portion, 
and a very large one, must be employed not as revenue, 
but as capitul ; not in directly supplying the wants or 
directly ministering to the enjoyments of cither land- 
lords, labourers, or capitalists, but merely in keeping up 
the instruments of production. Thus of the farmer’s 
whole return, which wc have supposed tube of the value 
of £1400, we may suppose a portion, amounting in 
value to £200, to have consisted of corn which he re- 
turned to the earth as seed, and another portion, amount- 
ing to the same value, to have consisted of the forage 
which he gave to his working cattle. It has been said 
that neither this seed nor this forage was rent, profit, or 
wages. 

Ttie answer to this objection is, that the seed-corn and 
forage in question were the result of land, labour, and 
abstinence ; they were entitled, therefore, when produced, 
to be. denominated rent, wages, or profit, and the cir- 
cumstance that they were employed to produce future 
instead of immediate gratification does not vary their 
character. When produced, they were revenue: their 
conversion into capital was a subsequent accident. No 
one would except against the expression that such und 
such a labourer has saved part of his wages and em- 
ployed them in stocking his garden. If the words re- 
venue arid income were co-extensive with expenditure, 
the common statement, that a man is living within his 
income, would be a contradiction in terms. 

Perhaps this may be made clearer if we retrace the 
history of capital. 

The primary instruments of production were labour, 
and those productive agents which are spontaneously 
afforded by nature. The first dwellers on the earth had 
only rent and wages. The savnge who, instead of de- 
vouring the animals which he had entrapped, reserved 
them to become the origin of a domesticated flock, and 


he who reserved, to be employed os seed, some of the Politics 
grains which he had gathered, laid the foundation of Econol ”l 
capital. The produce of that flock and of that seed 
was partly rent, portly wages, and partly profit. And tiolu 
it did not cease to be so, although he refused to employ 
the whole of it on his immediate gratification. 

It must he admitted, however, that the portion of the 
annual produce which is employed in the production or 
the support of brute or inanimate capital is not usually 
termed rent, wages, or profit. It has not, in fact, any 
specific name. But it appenrs to us to be the most 
philosophical arrangement to cousider it as rent, wages, 
or profit, according to the character of its proprietor, 
without regard to its subsequent destination. 

Having made this general classification of the parties Exchange, 
among whom the results of the different productive in- 
struments are divided, we now proceed to consider the 
general laws which regulate the proportions in w hich 
those results are exchanged for one another. To a 
certain degree this question was considered when we 
treated of value; but not having at that time explained 
the words production, wages, profit, or rent, we were 
unable to do more than to state and iflustrate the fol- 
lowing propositions: — 

First, that all those things, and those things only, aie 
susceptible of exchange, which, being transferable, are 
limited in supply, and are capable, directly or indirectly, 
of affording pleasure or preventing pain ; a capacity to 
which we have affixed the name of utility. Secondly, that 
the reciprocal vulucs of any two things, or, in other 
words, tiie quantity of the one which will exchange for 
a given quantity of the other, depend on two sets of 
causes; those which occasion the utility and limit the 
supply of the one, and those which limit the supply and 
occasion the utility of the other. The causes which oc- 
casion the utility and limit the supply of any given 
commodity or service, we denominated the intrinsic 
causes of its value. Those which limit the supply and 
occasion the utility of the commodities or services for 
which it is capable of being exchanged, we denomi- 
nated the extrinsic causes of its value. And, thirdly, that 
comparnti\e limitation of supply, or, to speak more 
fumiliarly, though less philosophically, comparative 
scarcity, though not sufficient to constitute value, is 
by fur its most important element ; utility, or, in other 
words, demand, being mainly dependent on it. We 
had not then shown the means by which supply is 
effected. Having done this, having shown that human 
Labour and Abstinence, and the spontaneous agency of 
Nature, are the three instruments of production, wc 
are at liberty to explain what are the obstacles which 
limit the supply of all that is produced, and the mode 
in which those obstacles affect the reciprocal values of 
the different subjects of exchange. 

In the following discussion, however, wc bIi&II in 
general substitute price or value in mouey for general 
vulue. 

The general value of any commodity, that is, the Price, 
quantity of all the other subjects of exchange which 
might be obtained in return for a given qu&utity of it, is 
incapable of being ascertained. Its specific value in 
any other commodity may be ascertained by the experi- 
ment of an exchange ; the anxiety of each party in the 
exchange to give as little, and obtain as much as pos- 
sible, leading him to investigate, as accurately as he can, 
the intrinsic causes giving value to each of the articles 
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Political to be exchanged. This is, however, a troublesome 
Econ omy. 0 p era tion, and many expedients are used to diminish its 
^ .. frequency. The most obvious one is to consider a 

tion ” >U ~ single exchange, or the mean of a few exchanges, as a 
Price. model for subsequent exchanges of a similar nature. 

By an extension of this expedient it may become a 
model for exchanges not of a similar nature. If gi\eti 
quantities of two different articles are each found by ex- 
perience to exchange for a given quantity of a third 
article, the proportionate value of the two first-mentioned 
articles may, of course, be inferred. It is measured by 
the third. Hence arise the advantages of selecting, as 
one of the subjects of every exchange, a single commo- 
dity, or, more correctly, a species of commodities con- 
stituted of individuals of precisely similar qualities. In 
the first place, all persons can astertain, with tolerable 
accuracy, the intrinsic causes which give value to the 
selected commodity, so that one half the trouble of an 
exchange is ready performed. And, secondly, if an ex- 
change is to be effected between any other two commo- 
dities, the quantity of each that is usually exchanged for 
u given quantity of the third commodity is ascertained, 
and their relative value is inferred. The commodity thus 
selected as the general instrument of exchange, whatever 
be its substance, whether salt, as in Abyssinia, cowries, on 
the Coast of Guinea, or the precious metals, as in Europe, 
is money. When the use of such a commodity, or, in 
other words, of money, has become established, value in 
money, or price, is the only value familiarly contem- 
plated. The scarcity and durability of gold and silver 
(the substances used as money by all civilized nations) 
make them peculiarly unsusceptible of alteration in 
value from intrinsic causes. On these accounts we think 
it better, in the following discussion, to refer rather to 
price than to general value, and to consider the value of 
money, so far as it depends on intrinsic causes, to be 
unvarying. 

We must preface our explanation of the effect on 
price of the causes limiting supply, by a remark which 
may appear self-evident, but which mu>t alwavs be kept 
in recollection, namely, that where the only natural 
agents employed are those which are universally acces- 
sible, and therefore are practically unlimited in supply , 
the utility of the produce , or, in other words , its power , 
dirictly or indirectly , of producing gratification t or pre- 
venting pain, must be in proportion to the sacrifices 
made to produce it, unless Hit producer has misapplied 
his exertions ; since no man would willingly employ a 
given amount of labour or abstinence in producing one 
commodity , if he. could obtain more gratification by de- 
voting them to the production of another. 

We now revert to the causes which limit supply. 

There are some commodities the results of agents no 
longer ip existence, or acting at remote and uncertain 
periods, the supply of which cannot he increased, or 
cannot he reckoned upon. Antiques and relics belong to 
the first class, and all the very rare productions of Nature 
or Art, such us diamonds of extraordinary size, or pictures, 
or stutues of extraordinary beauty, to the Second. The 
values of such commodities are subject to no definite 
rules, and depend altogether on the wealth and taste of 
the community. In common language, they are said to 
beur a fancy price, that is, a price depending principally 
on the caprice or fashion ol* the day. The Boccaccio, 
which a few years ago sold for £2000, and after a year 
or two’s interval for £700, may perhaps, fifty years 
hence, be purchased for a shilling. Relics which, in 
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the IXtli Century, were thought too valuable to admit Politics 
of a definite price, would now be thought equally in- Economy, 
capable of price in consequence of their utter worthless- 
ness. In the following discussion we shall altogether l' ,str *bu- 
omit such commodities, and confine our attention to 
those of which the supply is capable of increase, either nCC ’ 
regular, or sufficiently approaching to regularity, to ad- 
mit of calculation. 

The obstacle to the supply of those commodities 
which are produced by labour and abstinence, with that 
assistance only from nature which every one can com- 
mand, consists solely in the difficulty of finding persons 
ready to submit to the labour and abstinence necessary 
to their production. In other words, their supply is 
limited by the cost of their production. 

The term “cost of production” must be familiar to Cost of pro 
those who are acquainted with the writings of modern duction. 
Economists; but, like most terms in Political Economy, 
though currently used, it has never been accurately de- 
fined ; and it appears to us impossible that it should 
have been defined without the assistance of the term 
“ abstinence, 49 or of some equivalent expression. 

Mr. Ricardo, who originally introduced the term 
41 cost of production/* uses as nit equivalent expression, 

“ the quantity of labour which has been bestowed on 
the production of a commodity/' Mr. Mill, eh. iii. sec. 

2. appears to consider cost of production as equivalent 
to 44 quantity of labour." Mr. Malthns more elaborately 
defines it as “ the advance of the quantity of accumulated 
and immediate labour necessary to production, with such 
a per centage upon the whole of the advances for the 
lime they have been employed as is equivalent to ordinary 
profits. 1 * Definitions , p. 242. 

In a note to the third edition, page 46, Mr. Ricardo 
admits that profit also forms a part of the cost of pro- 
duction. Mr. Mill, by a stretch of language, in the 
convenience of which we cannot concur, includes profit 
under the term labour. The definitions of Mr. Ricardo 
and Mr. Mill appear, therefore, to coincide. And 
that adopted by Mr. Mai thus only differs from them in 
referring, not to the labour that has been employed, but 
to that which must be employed if the production must 
be continued. In this respect the language of Mr. 

Malthns is undoubtedly the most correct. The sacri- 
fices that have been made to produce a given commo- 
dity have no effect on its value. All that the purchaser 
considers is the amount of sacrifice that its production 
would require at the time of the exchange. If the ex- 
pense of producing a pair of stockings were suddenly to 
fall or to rise by one half, a rise or fall in the value of the 
existing stockings would be the consequence, although 
the labour that has been employed oil them is of course 
unalterable. And when Mr. Ricardo and Mr. Mill speak 
of the labour which has been employed on a com- 
modity as affecting its value, they must be understood 
as implying that the circmnstauccs of production remain 
unchanged. 

Colonel Torrens considers cost of production as equi- 
valent to “ the amount of capital expended on produc- 
tion,” and refuses to consider profit as forming one of 
its elements. His remarks throw so much light on the 
whole subject, that we will venture to extract them at 
some length. 

41 Those writers who contend for the general equality 
of market and natural price, include the customary rate 
of profit under the term natural price, or cost of pro- 
duction. But this classification is highly unphilosophi* 

2 a 
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Political C al aixl incorrect. The profits of stock never make any 
Sconomy*. p af t Q f ^e eX p Cllse of production ; they are, on the eon- 
Distribu- trar y> a new creation brought into existence in conse- 
nt” U " quo nee of this expense. The farmer, we will suppose. 
Price. expends one hundred quarters of corn in cultivating 
Cost of pro- his fields, and obtains in return one hundred and 
Auction. twenty quarters. In this case twenty quarters, being 
the excess of produce above expenditure, constitute the 
farmer's profit, but it would be absurd to call this 
excess or profit a part of the expenditure. The expen- 
diture or cost of production was one hundred quarters. 
It has been now repaid with a surplus of twenty quar- 
ters; and, unless the surplus which remains after the 
expenditure is replaced be a part of the expenditure, 
unless, in fact, one hundred and twenty quarters be 
equal to a hundred, it is impossible that market price 
should be equivalent to natural. Supposing that corn 
is £ 3 per quarter, then, in the case we have stated, the 
natural price of the farmer's produce, or the one 
hundred quarters expended upon production, will be 
equivalent to £300; while the produce of one hun- 
dred and twenty quarters obtained in return will be 
equivalent to £360. The excess of market above 
natural price, or cost of production, is profit; and to 
contend that this profit is included in the cost of pro- 
duction, is the same thing as contending that the hun- 
dred quarters, or £300 laid out in cultivation, are equal 
to the one hundred and twenty quarters, or £360 there- 
by obtained. 

“ In manufacturing, as well as In agricultural industry, 
the profit of stock is distinct from the cost of production. 
The master manufacturer expends a certain quantity of 
raw material, of tool** and implements of trade, and of sub- 
sistence for labourers, and obtains in return a given 
quantity of finished work. This finished work must 
possess a higher exchangeable value than the materials, 
tools, and subsistence, by the advance of which it was 
obtained; otherwise the master could have no induce- 
ment to contiuue his business. Manufacturing industry 
would cease, if the value produced did not exceed the 
value expended. But it is the excess of value which the 
finished work possesses above the value of the materials, 
implements, and subsistence expended, that constitutes 
the master's profit; and therefore we cannot assert that 
the profit of his stock is included in the cost of produc- 
tion without affirming the gross absurdity, that the ex- 
cess of value above expenditure constitutes a part of ex- 
penditure. Supposing that the materials, tools, and 
subsistence cost £300, and that the finished work is 
worth £360, then the difference will be the masters 
profit; and we cannot iriuiutain that the annual profit is 
included in the amouut of expenditure, or cost of pro- 
duction, without urging the contradiction that £300 
are equal to £360. 

44 The profit of stocic, so far from forming any part of 
the cost of production, is a surplus remaining after this 
cost has been completely replaced. In carrying on 
their business, the farmer and manufacturer do not ex- 
pend their profit, they create it. It forms no part of 
their first advances ; on the contrary, it forms a part 
of their subsequent returns. It could not have been 
employed in carrying on the work of production, be- 
cause,, until this work was completed, it had no exist- 
ence. Jt is essentially a surplus, a new creation, over 
and above all that is necessary to replace the cost of 
production, or, in other words, the capital advanced. 
It is hoped that enough has been said to convince the 


reader of the nature of the error into which those Political 
Economists fall who maintain that the profit of stock bconom y^ 
is included in the expense of production, and that 
natural and market price tend to an equality. Market tion 
price is that which we give in order to obtain a com- pnee. 
inodity by exchange in the market: natural price is that Costofpro- 
whieh wc give to effect a purchase at the great store- Auction, 
house of nature : it consists of the several articles of 
capital employed in production, and cannot by possi- 
bility include the surplus or profit created during the 
progress of production."* 

Colonel Torrens’s remarks are just, so far as they 
apply to the mere expressions which he is criticising. 

Profit is certainly not a means, but a result. It is true 
that unless that result were expected, production would 
not be continued. Neither the farmer nor the manufac- 
turer could be induced by any other motive to abstain 
from the unproductive enjoyment of his capital ; so 
food would not l»e produced unless its consumption were 
necessary or agreeable. But the obtaining a profit is 
no more a part of the cost of producing a harvest than 
the gratification of appetite is a part of the cost of pro- 
ducing a dinner, or protection from coh^part of the cost 
of producing a coat. 

Want of the term abstinence, or of some equi valent 
expression, has led Mr. Malthas into inaccuracy of lan- 
guage. He seems to ha\e felt that something besides 
mere labour is essential to production. He felt that 
simple industry would not convert a nuked heath into a 
valuable wood; that the planter, in addition to the 
labour of inserting and protecting the saplings, incurred 
the additional sacrifice of directing his labour to the 
production of remote results ; and that the successive 
generations of proprietors, in suffering the young plan- 
tation to become mature, sacrificed their own emolu- 
ment to that of their successors. lie seems to have felt 
that these sacrifices weie part of the cost of producing 
the wood, and, having no term to express them, he de- 
nominated them by the name of their reward. When 
he termed profit u part of the cost of production, he 
appears to us to have meant not profit, but that conduct 
which is repaid by profit: an inaccuracy precisely 
similar to that committed by those who term wages a 
part of the cost of production ; meaning not wages, 
which are a result, but the labour for which wages are 
the remuneration. 

Colonel Torrens’s error is an error of omission. lie 
refuses to consider profit as part of the cost of production, 
but he does not substitute for it abstinence or any equiva- 
lent expression. Although he admits that where equal 
capitals are employed the value of the products may differ 
if the one be brought to market sooner than the other, he 
has not staged the principle on which this difference de- 
pends. That principle is that, though in both' cases the 
labour cm pitted is the same, more abstinence is ne- 
cessary in th*» one case than in the other. 

By cost of production, then, we mean the sum of the 
labour and abstinence necessary to production. But 
cost of production, thus defined, must be divided into 
the cost of production on the part of the producer or 
seller, and the cost of production on the part of the con- 
sumer or purchaser. The first is of course the amount 
of the labour and abstinence which must be undergone 
by him who offers for sale a given class of commodities 


* Torrens, On the Production of Wealth, 51 — 55. 
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Political. or services in order to enable him to continue to produce 
Economy ^ em> Tlie second is, the amount of the labour and 
* 7. abstinence which must be undergone by those to whom .a 
tion n U " g» v e n commodity or service is offered for sale, if, instead 
Price. of purchasing, they themselves, or some of them on the 
Cost of pro- behulf of themselves and the others, were to produce it. 
Auction. The first is equal to the minimum, the second to the maxi- 
mum of price. For, on the one hand, no man would 
continue to produce, tor the purpose of sale, what should 
sell for less than it cost him to produce it. And, on the 
other hand, no men would continue to buy what they 
themselves, or some of them on the behulf of themselves 
and the others, could produce at less expense. With re- 
spect to those commodities, or, to speak more accurately, 
with respect to the value of those parts or attributes of 
commodities, which are the subjects of equal competition, 
which may be produced by all persons with equal advan- 
tages, the cost of production to the producer and the cost 
of production to the consumer arc the same. Their price, 
therefore, represents the aggregate amount of the labour 
and abstinence necessary to continue their production. If 
their price should fall lower, the wages or the profits of 
those employed in their production niu^t (all below the 
average remuneration of the labour and abstinence that 
must be undergone if their production is to be con- 
tinued. In time, therefore, it is discontinued or di- 
minished, until the value of the product has been raised 
by the diminution of the supply. If the price should 
rise beyond the cost of their production, the producers 
must receive more than an average remuneration for 
their sacrifices. As soon as this has been discovered, 
capital and industry flow towards the employment which, 
by this supposition, oilers extraordinary advantages. 
Those who formerly were purchasers, or persons on their 
behalf, turn producers themselves, until the increased sup- 
ply has equalized the price with the cost of production. 

Some years ago London depended for water on the 
New River Company. As the quantity which they can 
supply is limited, the price rose with the extension of 
buildings, until it so far exceeded the cost of produc- 
tion as to induce some of the consumers to become pro- 
ducers. Three new Water Companies were established, 
aud the price fell as the supply increased, until the 
shares in the New River Company fell to nearly one- 
fourth of their tornier value ; from ,£13,000 to £4000. 
If the metropolis should continue to increase these trans- 
actions will recur. The price of water will increase 
aiul exceed the cost at which it could be afforded. 
New Companies will arise, and, unless the additional 
supply is checked by greater natural obstacles than 
those which the existing Companies have to surmount, 
the price will again fall to its present level. 

But though, under free competition, cost of production 
is the regulator of price, its influence is subject to much 
occasional interruption. Its operation cuu be sup- 
posed to be perfect only if we suppose that there are no 
disturbing causes, that capital and labour can he at 
once transferred, and without loss, from one employ- 
ment to another, and that every producer has full infor- 
mation of the profit to be derived from every mode of 
production. But it is obvious that these suppositions 
have no resemblance to the truth. A large portion of the 
capital esseutial to production consists of buildings, ma- 
chinery, and other implements, the results of much time 
and labour, and of little service for any except their exist- 
ing purposes. A still larger portion consists of knowledge 
and of intellectual and bodily dexterity, applicable only to 


the processes in which those qualities were originally ac- Political 
quired. Again, the advantage derived from any given Economy, 
business depends so much upon the dexterity aud the'good 
fortune with which it is managed, that few capitalists can t I ? istribu - 
estimate, except upon an average of some years, the amount p r ™' e . 
of their own profits, and still fewer can estimate those of Cost of pit 
their neighbours. Established businesses, therefore, may Auction, 
survive the causes in which they originated, and become 
gradually extinguished as their comparative unprofitable- 
ness is discovered, and the labourers and capital engaged 
in them wear away without being replaced ; and, on the 
other hand, other employments are inadequately supplied 
with the capital and industry which they could prohinhly 
absorb. During the interval, the products of the one 
sell for more, and those of the others for less, than their 
cost of production. Political Economy does not deal with 
particular facts but with general tendencies, and w hen we 
assign to cost of production the power of regulating pi ice 
in cases of equal competition, we mean to describe it not as 
a point to which price is attached, but as a centre of 
oscillation which it is always endeavouring to approach. 

We have seen that, under circumstances of equal com- 
petition, or, in other words, where all persons can 
become producers, and that with equal advantages, the 
cost of production on tile part of the pioduccr or seller, 
and the cost of production on the part of the consumer 
or purchaser, aie the same, and that the commodity 
thus produced sells for ils cost of production; or, in other 
words, at a price equal to the sum of the labour and ab- 
stinence which its production requires; or, to use a more 
familiar expression, at a price equal to the amount of 
the wages and profits which must be paid to induce the 
producers to continue their exertions. It has lately 
been a general opinion that the hulk of commodities is 
produced tinder circumstances of equal competition. 

“ Ry far the greater part of those goods.*' savs Mr. 

Ricardo, (Principle^ Sfc. p. 3.) “which are the objects 
of desire are produced by labour, and may be multiplied 
almost without any assignable limit if we are disposed 
to !>estovv the labour necessary to obtain them. Jn 
speaking then of commodities, of their exchangeable 
value, and of the laws which regulate their relative prices, 
we always mean such commodities only as can be in- 
creased in quantity by the exertion of human industry, 
and in the production of which competition operates 
without restraint.*’ 

Now it is clear that the production in which no appro- 
priated natural agent has concurred, is the only produc- 
tion which has been made under circumstances of per- 
fectly equal competition. And how few are the com- 
modities of which the production has in no stage been 
assisted by peculiar advantages of soil, or situation, or 
by extraordinary talent of body or mind, or by proecx-cs 
generally unknown, or protected by law from imitation. 

Where the assistance of these agents, to which we have 
given the general name of natural agents, has been 
obtained, the result is more valuable than tin* revolt of 
equal labour and abstinence unassisted by similar aids. 

A commodity thus produced is called the snhjVi t «*f a 
mo?wpo!y ; and the person who has appropriated such a 
natural agent, a monopolist. 

Monopolies may be divided into four kinds. 

1. Where the monopolist has not the exclusive power lies, 
of producing, but only ceilain exclusive facilities ns a 
producer, and can increase, with imdiminislicd, or even 
increased facility, the amount of his piodiioc. 

The value of a commodity produced under suen ctr- 
2 A ll 
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cumstances approaches more nearly to the cost of pro- 
duction on the part of the seller, than that of any other 
monopolized commodity. It is obvious that its price can 
never permanently fall below the value of the sacrifices 
which must be made by the producer, and, on the other 
hand, that it never can permanently rise above the value of 
the sacrifices which must be made by the consumers, if, 
instead of purchasing, they, or some persons in their 
beluilf, were to turn producers. Sir R. Arkwright’s yarn 
could not sell for more than yarn of an equal quality pro- 
duced without the aid of his patent machinery ; nor would 
Arkwright have sold it for less than the value of the labour 
and abstinence employed in its production. The first was 
the cost of production to the consumer, the second the cost 
of production to the producer. But the difference between 
the two was enormous; the cost to Arkwright was not 
one- fifth of what it would have been to his customers. 

His inventions enabled him to produce a greater 
quantity, but not a better quality. The finger and 
thumb constitute an instrument more delicate than any 
system of rollers, and the muslin formed by the com- 
paratively unassisted labour of the Hindoo is fiucr and 
more durable than the produce of our elaborate manu- 
factories. The price which Arkwright could exact was 
therefore limited, as we ha\e seen, by the competition 
of other productive instruments, more expensive but 
quite as efficient. The price which he did exact was 
still further limited by a regard to his own interest, 
lie had discovered an instrument of which the powers, 
instead of being exhausted, increased with every increase 
in its application. To erect a mill for the purpose of 
.spinning annually a hundred or a thousand pounds of 
coimn would he madness. The expense of spinning 
ten thousand pounds very little exceeds the expense of 
spinning one thousand, and forty thousand might pro- 
bably be spun at less than double the expense of ten 
thousand. As the quantity produced is increased, the 
relative cost of production is diminished. If, therefore, 
on the sale of ten thousand pounds weight of yarn at a 
given price, which we will call .£10,000, his profit 
amounted to <£i)Oi)o f the profit of selling one hundred 
thorn and weight at the same price might have amounted 
to I’qu.tlUO, and his profit on selling one million pounds 
weight to .£900,000. But to effect this was obviously 
impossible. As value depends mainly on limitation 
of supply, he could not have at once offered a large 
quantity fur sale without diminishing the price, if he 
left that price to he fixed by the competition of the 
purchasers, or without having a large portion unsold, 
if he refused to submit to that diminution. His only 
mode of stimulating a constant increase of consumption 
was to submit to such a constant lowering of price as 
should constantly widen the circle of those able and 
willing to purchase. As is usually the case, his own 
interest and that of the public coincided, and led him 
to accept a price far exceeding indeed the cost of pro- 
duction to himself, but falling short by a still wider in- 
terval of what would have been the cost of production 
to them. 

Sir R. Arkwright's monopoly, therefore, was of the 
most limited kind. His remuneration was bounded, and 
it wus not his interest even to approach that boundary. 

2. A second kind of monopoly is in the opposite ex- 
treme. It exists where price is checked neither by the 
hopes nor by the fears of the producer, where no competi- 
tion is dreaded, and no increased supply can he effected. 
The owners of some vineyards have such a monopoly. 


Constantia owes its peculiar flavour to the agency of a 
few acres of ground, and that flavour would be destroyed -couon»y. 
if high cultivation were employed to force from that 
grouud a larger quantity of wine. As no person but t,ou. 
the proprietor of the Constantia farm can l>c a pro* Price, 
duccr, the price is not checked hy any cost of produe- Monopoly, 
tion to the consumer. It is not checked by any wish 
of the proprietor to increase the consumption, since the 
quantity produced, and consequently the quantity con- 
sumed, is incapable of increase. The price cannot of 
course fall below the cost of production, hut may inde- 
finitely exceed it. It is limited solely by the will and 
the ability of the consumers. And if fashion were t. 
make it an object of intense desire among the opulent, * 
a pipe of Constantia, produced perhaps at the expense 
of X*20, might sell for «£20,0()0. 

3 A third and more frequent kind of monopoly lies be- 
tween these two extremes, and is neither so strict as the 
last, nor so comparatively open as the first. This com- 
prises those cases in which the monopolist is the only 
producer, but, by the application of additional Mmur 
and abstinence, can indefinitely increase hr-, pro-.ln/'u.n. 

The book trade affords an illustration. \\ lii'e a \etk 
is protected by copyright, no person hut the nrnniuMor 
of that copyright can produce topics: and in- may 
multiply them indefinitely by the application i •widi- 
tional labour and abstinence. There i*> lien* no m d of 
production on the part of the purcha-T, ami, as t r as 
he is concerned, the price i*- limited on!* o\ ins \il> am! 
ability. The efficient check ari-«* from he inter* stm 
the publisher. As is the case with niamil irlures gene- 
rally, the relative expense of puhlirati* i din .»r*dies as 
the number of copies published inerts^ ■ . ,4 i- Ins 

interest, therefore, to encourage n largo m«':* by affixing 
a priee but slightly exceeding the ce.-t of product ion, 
diminished as thut cost is by the magnitude of the pro- 
duce. A hundred copies of lVax% n /// might pothaps, 
have been sold at ten guineas a copy; but time tan be 
no doubt that a larger aggregate piotit wi obtained l y 
selling ten thousand at a "tunea and a half. 

4. The fourth and last class of monopolies exi^t?* . here 
production must be a r sided bv natural agent*, limited 
in number, and varying in power, and repaying wi.h 
less and less relative assist;. nee every increase in the 
amount of the labour and abstinence bestowed on them. 

It is under these circumstance . that the greater part of 
the raw produce, whatever it be, w ,ich is the staple tbod 
of the inhabitants in every Country, potatoes in Ireland, 
wheat in England, or rice in 1 idle, is j oduccd. It is, 
in fact, the great monopoly of la. a. ; and as there are 
scarcely any commodities of which the supply is not in 
some measure limited by the limited e.\tent of the land 
essential or seiviccable to some ;v ocess in their produe* 
lion, all general theories as to vahie must' be subject 
to error util the general laws regulating the value of 
the assets no* to be derived from find have been ascer- 
tained. It will he necessary, therefore, to examine them 
at some length. 

The soil pf every exten five district is of different La,,^ 
degrees of fertility and convenience of situation, and 
the soils of each degree constitute a distinct class of 
natural agents, affording each a distinct amount of assist- 
ance to the cultivator. And we have seen that each ‘ 
portion of soil, whatever be its fertility, agricultural 
skill remaining the same, generally gives a less and less 
proportionate return to each additional quantity oflubour 
and abstinence bestowed on its cultivation, and may be 



POLITICAL ECONOMY. 


Political 

Economy. 

I listribu- 
‘•poly- 


said, therefore, to comprise within itself a system of 
natural agents of different powers. The different classes 
of natural agents will he successively employed, in pro- 
portion to their efficiency ; an inferior class being never 
resorted to while a superior one is equally accessible : 
mid each class, until it has been completely appropriated, 
may be considered as practically unlimited in supply, 
since it universally accessible. What shall be the 
worst natural agent employed, or, ill other words, to 
\ hat ex ten* inferior soils shall be cultivated, or addi- 
tional labour and abstinence employed at a comparative 
disadvantage on the cultivation of those which are more 
f'< lc or better situated, must always be determined by 
toe ilrli and wants of the community; by the quan- 
tity agricultural produce which they have the power 
and the desire to purchase. While those wants can be 
.•etisfud by bghtly cultivating only a portion of the 
,.k St *oi tile and best situated land, that land, though 
..•h!\ productive, indeed more productive in propor- 
' * in \ibuur and abstinence bestowed on it than 
. sul tjnent stage, cannot be a separate and in- 

*i't Hive of value. It is then a natural agent 
-.«■ ‘ ‘HU aoeos'.iblo «md its produce, however large, 

v " • s"i mi • oiftv tor t 1 c value of the labour and ab- 
siu,»*i , i.* ciiplovd on iis production. In shoil, the 
c<***i -I j.'inlu ■( it >n to the producer, and the cost of pro- 
ds 5 . ! • ut l St* cutisonw i, arc, n:idci such circumstances, 
t lie * i.,h. " J ' , i . ■ > the Mate * *1 *ouie of the fertile and 

t • ulv : copied do- i i ict*- cf the ;io]»»cs. The inhabitants 
i i ihc .. r* ale- r I of .ho Tierra I'ulieuto of Mexico ap- 
1 ■ ? * i * : m .lc at w li iron* (he iert j I t* wilderness over w liich 
t ! • c* \ ’"v s\n?:- »iti the small patches which afford them 
the m •'« ii.i's 1 lodging, food, and raiment. We are 
tuI* 1 ih.it in these diM riels the labour of a week will 
j.'ovM sul ri-teiu r for a \ ear, blit even this vad pro- 
. I net i < i •• ’vu, or even any conceivable increase in it, is 
ii»oa;*., , .Mi >: g.ving value to the assistance afforded as 
Ion."- :• . * ipply tliut assistance remains unlimited. 

ti I • mited, however, in the very earliest stages 

of ,-uj.r.c,, r-i-nt. Noth the causes and the conse* 

. oi this event may he illustrated by'tracing the 
«» ■ • . c-n of a colony. 

\V. r, en a lw»d v of emigrants arrives on the coast of an 
unoccupied ilisir ct, tlieir f..st operation must be to fix 
the situation of then future metropolis; the seat of go- 
vernment, of law, of foreign trade, and of those manu- 
factures which require he congregation uf numerous 
workmen. We nay suppose their numbers and the 
local advantages to 1 ■ s 1 / as to enable them to occupy, 
within such a di^'a"-' from their infant town as to 
render the expense o. image immaterial, as much land 
of the highest forcibly as each agricultural family nr«y 
wish to cultivate. J he agricultuiJ produce thus ob- 
tained must sell for its cost of production to the pro- 
ducer; every consumer being able, at will to turn \ pro- 
ducer, with advantages equal tc those enjoyed by the 
existing producers, uud being unwilling to give for the 
result of a given amount of labour and abstinence on 
their part more than the r« uh of an equ&l amount of 
labour and abstinence on i.>s '*wn part. Such a com- 
munity rapidly increases i i numbers and in wealth, and 
that increase is accompanied by uti increased desire and 
ability to purchase agricultural produce. Until the supply 
of raw produce has been increased, the price must now 
rise above the cost o r production. But when the most 
fertile lands within a given distance of tin? town have 
been occupied, theie mine in only three modes of in- 
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creasing the supply : either 1. by cultivating the fertile Political 
lands at a greater distance from the town ; or, 2. by EcOBOin y* 
cultivating the inferior land in’ its neighbourhood; or, 

3. by employing additional labour and abstinence in the ti*} nbur 
cultivation of the lands already occupied. Whichever of r-lt'v. 
these plans be adopted, and probably they will all Ik* Monopoly, 
adopted, the additional quantity must be supplied at an 
increased expense. The first is loaded with the expenses 
of carriage ; and we know that a given amount of labour 
and abstinence is employed to comparative disadvantage, 
when applied cither to the cultivation of inferior land, or 
to the further improvement of the best land. 

The immediate consequence of the increase of supply 
must be a fall of price, but a fall not equal to the previous 
rise. The additional supply is produced under circum- 
stances of equal competition, every consumer having it 
in his power to turn producer by occupying the more 
distant or less fertile territory; it sells, therefore, for 
the cost of production to the producer. But commodi- 
ties of precisely the same qualities cannot sell in the 
same market for different prices. The purchaser of a 
bushel of wheat does not inquire whether it was grown 
within a furlong or at ten miles from the place of sale. 

The produce, therefore, of the fertile lands in the imme- 
diate vicinity of the market sells at the same price as 
that of the distant or inferior land. 

That price, as it is equal to the cost of production of 
what is produced at the greatest expense, must exceed 
the cost of production of what is produced at the least 
expense. The proprietor of the most fertile and best 
situated land has no motive to take less, as he cannot, 
like the owner of a patent, increase the amount of what 
he produces and continue to produce at equal advan- 
tage; and the purchaser cannot support un offer of 
less, as he enuuot turn producer but by submitting to 
disadvantages which equalize the current price and the 
cost of production. 

As the colony grows into a people and an empire 
the same processes are repeated. Every increase of 
wealth and population raises the price of raw produce. 

Increase of price occasions an increase of supply, raised 
at a comparatively greater expense. The price falls in 
consequence of the increased supply, but is prevented 
from falling to its former level by the increase which has 
taken place in the cost of producing that part of the 
whole supply which is brought to market at the greatest 
expense. 

The effect will be the same whether we select for the 
scene a continent or an island ; a district containing 
soils of every degree of fertility, or of precisely uniform 
quality. The Anglo-Americans have supplied their 
constantly increasing wauts chiefly by spreading them- 
selves backwards over their unbounded Western territory, 
and have made little use of inferior soils, or of high 
cultivation, except in the immediate vicinity of their 
cities. In Malta, a single acre receives more labour than 
would be devoted to a square mile in the Illinois ; but 
precisely the same motives impel the Maltese to terrace 
his mountains into gardens, and the American to reclaim 
the prairies of the Missouri. 

It may be inferred, from the picture which we have 
given of the progress of society, that wc believe an in- 
creased difficulty of obtaining raw produce to be the 
natural incident to an increase of population. In the 
absence of counteracting causes it certainly would he so ; 
but those causes arc so powerful, that, unless cheeked by 
legislation, they in many respects balance the causes 
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which we have been considering. In a colony, the 
counteracting causes appear likely to preponderate for 
a period, the duration of which must of course depend 
in part on the quantity of fertile and unoccupied land in 
its vicinity. As the circle of appropriated land expands, 
and the expense of bringing food to the consumers be- 
comes more oppressive, there is a tendency in the con- 
sumers to follow the food. The colonial capital, now 
turned into a metropolis, may continue to send out por- 
tion after portion of her increased inhabitants until the 
whole territory acquires something approaching to an 
average amount of cultivation. Again, in every Country 
increased wealth and numbers are accompanied by in- 
creased agricultural skill and improved means of trans- 
port. The use of implements, the division of labour, 
and physical knowledge are powerful aids to the agricul- 
turist, though they do not afford to him the almost 
magical increase of power which they give to the manu- 
facturer. The improvements in carriage are still more 
important: a given amount of labour applied for twenty 
years to a given piece of land would probably now 
produce a return four or five times as great as would 
have been obtained at the Conquest. But the labour 
necessary to transport that produce one hundred miles 
is probably now not one one-hundredth of what it was 
then. No improvements in husbandry instruments, or 
in breeding, or in the rotation of crops, have been so 
efficient as the substitution of the waggon, the Mac- 
adamized road, the canal, the navigable river, and the 
railway, for the pack-horse of our ancestors and the dan- 
gerous tracks through which they beat out ami picked 
their way. The intervention of a hill or a morass was 
then an obstacle sufficient to allow the price of corn on 
one side to he double that on the other; and Loudon 
was so dependent on the immediately adjacent Counties 
that the landlords of those Counties petitioned against 
the opening of roads, as interfering with their vested 
right to a monopoly of the metropolitan supply ; a peti- 
tion which failed because the immediate interest of other 
landlords opposed it. 

But the principal means by which a Country, when 
increasing in wealth and population, may avoid the ne- 
cessity of raising its raw produce at a constantly increas- 
ing disadvantage is by importation. 

We have seen that additional labour employed in 
manufactures produces an increasing proportionate effect ; 
that if one thousand men can in a given time work up 
one million of pounds of cotton, two thousand men 
would he able to work up in the same time more than 
two millions of pounds, and four thousand men, much 
more than twice as much as two thousand. As a nation 
increases in opulence and population, it becomes the in- 
terest, therefore, of the community to devote their addi- 
tional population rather to manufactures, in which they 
have a constantly increasing advantage, than to agricul- 
ture, at a constantly increasing disadvantage. As their 
industry becomes more and more efficient, they are in 
general able to purchase with the produce of a given 
amount of labour and abstinence larger and a larger 
amount of the produce of the industry of their less ad- 
vanced contemporaries. The produce of the labour of a 
single Englishman employed for a given lime in fabricat- 
ing cotton will purchase the cotton grown by the labour 
of five, or perhaps ten, Hindoos, or the wheat grown 
by three, or perhaps five, Lithuanians or Poles. 

It must he recollected, indeed, that a nation while ex- 
tending its manufactures must increase its importation of 


raw produce; and we have already stated that the in- Political 
creased labour at which the additional produce must be jjoom} . 
obtained would retard the progress of such a community. 

But though this is unquestionable, though it is even cer- 
tain that, if sufficient time be allowed, this obstacle is Price, 
able, not merely to retard, but almost to arrest, the ad- Monopoly, 
vance of manufactures, there seems to be little to fear band, 
from it within any of those periods within which calcula- 
tions for practical purposes are generally confined. In 
the first place, the stimulus of an advantageous trade 
must tend to increase the agricultural skill of the ex- 
porting nations, and increase the facilities of transport ; 
causes w hich, especially in the earlier stages of a nation’s 
improvement, often enable it, and for considerable pe- 
riods, to bring to market an increased quantity of raw 
produce with the same or even less proportionate labour. 

And, secondly, even if we suppose the manufacturing 
nation to be supplied by its agricultural customers at an 
increased proportionate expense to them . , it does not 
follow that the propoi donate expense to her need be 
increased. The increased difficulty on the one side 
may be balanced by the increased facility on the other. 

We will suppose that at present one hundred thousand 
yards of muslin, fabricated by twelve Englishmen, can 
be exchanged for one hundred and filly quarters of 
wheat, raised by thirty-six Poles ; that an increase in 
population of one-third makes it necessary to import 
two hundred instead of one hundred and fifty quarters, 
and that the two hundred quarters are raised, not by 
forty-eight, the former pioportion, but by sixty Poles. 

If the increase in our skill has kept pace with our in- 
crease of numbers, it is probable that eighteen English- 
men, instead of one hundred and fifty thousand, the 
former proportion, would be able to fabricate at least 
two hundred thousand jards of muslin. The exchange 
under such circumstances, instead of being less, would 
be more beneficial than before. England would pur- 
chase more corn, and Poland more muslin, at a less pro- 
portionate amount of labour. 

It must he careful I ) remembered that the preceding 
remarks apply not to the higher or lower price of raw 
produce, but to the greater or less difficulty in obtaining 
it; things which have no necessary connection ; one of 
them depending on the causes which affect the general 
value of raw produce, the other oil the causes which 
affect the general value of money. At the same time, 
and in the same place, the prices of articles exactly 
measure the difficulty of obtaining them. It is exactly 
half as difficult to get a commodity that costs one sove- 
reign as to get a commodity that costs two. But this is 
only true at the same time and in the same place. 

Though in England a quarter of corn now costs about 
fifty shillings, and in the reign of Hejiry VIII. cost 
about twenty, it is probable that it was then more diffi- 
cult to obtain one than it is now. This must have beeu 
the case if it was then more difficult to obtain twenty 
shillings than it is now to obtain fifty. It is equally 
clear that, although a quarter of wheat now costs in Eng- 
land about 4en ounces of silver, and about six ounces in 
Poland, yet, if it is easier in England to obtain ten 
ounces of silver than in Poland to obtain six ounces, it 
is easier in England to obtain a quarter of wheat than it 
is in Poland. Experience shows thut weulth arid popu- 
lation almost always increase together, though not in 
equal ratios, the increase of wealth being, as we have 
already stated, generally greater than the increase of 
population. The increased capital and labour of an in- 
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political creasing population are naturally directed to manufac- 
Econouty. tures> i u which, as we have ulready seen, every increased 
production is more easily effected. Aa their labour be- 
tion.” ll * comes more productive, the value of the products of a 
Price. given quantity of that labour rises in the general market 
of the world ; or, in other words, they obtain in return 
for it a greater amount of the precious metals ; or, in 
other words, a higher price. Therefore, although they 
may have to pay a higher price for a given quantity of 
raw produce, whether of home growth or imported, it 
docs not follow that the difficulty of obtaining that given 
quantity has increased ; it is possible, and not impro- 
bable, that it may have diminished. A nation so situated 
may be compared to an individual whose income hap- 
pens to he rising at the same time when the price of 
com is rising. If the rise of his income more than 
counterbalances the rise ot* corn, he buds it every year 
more easy to purchase a given quantity, though he may 
have to give a higher and higher price for it. 

We have seen that production may take place under 
five different circumstances. 

1. Absence of monopoly; all persons being capable 
of producing with equal advantage. 

2. A monopoly under which the monopolist has not 
the exclusive power of producing, but exclusive facilities 
as a producer, which may be employed indefinitely with 
equal or increasing advantage. 

3. A monopoly under which the monopolist is the 
only producer, and cannot increase the amount of his 
produce. 

4. A monopoly under which the monopolist is the 
only producer, and can increase indefinitely, with equal 
or increasing advantage, the amount of his produce. 

5. A monopoly under which the monopolist is not 
the only producer, but has peculiar facilities which di- 
minish and ultimately disappear as he increases the 
amount of his produce. 

The price of those commodities which are compre- 
hended in the first class appears to be subject to laws 
capable of accurate investigation. Where labour alone 
has been employed, the price must be equal to the wages 
of that labour. Where that labour has been assisted by 
abstinence, or, in other words, where a period has elapsed 
between the employment of the labour and the sale of 
its produce, the price must be equal to the umomit of 
the wages of that labour and the remuneration to be 
paid either to the labourer for having suffered the pay- 
ment of his wages to be deferred, or to the capitalist who 
has paid those wages in advance. 

There are, however, very few commodities of which 
the whole price can be resolved into the remuneration for 
the labour, or the abstinence, or both, which must be 
bestowed on their production. 

Mere abstinence can produce nothing. Labour, or 
the agency of nature, must afford the subject with re- 
spect to which it is to be exercised. It is possible, in- 
deed, that a natural agent universally accessible may 
sometimes afford a product of no value at first, but capa- 
ble of becoming valuable by mere keeping; .but no in- 
stance of the kind occurs to us, and some little trouble is 
generally requisite for the mere safe custody of any 
article. 

Mere labour does produce a very few articles. The 
laver- collected and sold on the coast of Devonshire is an 
example. It grows naturally on the unappropriated 
rocks within the influence of the tide, and in abundance 
practically unlimited. No instruments are necessary to 


gather or prepare it, and, as it wiH not keep, it is sold as Political 
soon as it has been collected and washed. The price of Bcun4, ®y* 
a given quantity consists, therefore, merely of the wa^es 
of those who gather, wash, and bring it to market. * Dwtriba* 

A class of commodities, perhaps rather larger, but p™' e> 
still inconsiderable when compared with the general 
mass, is produced by labour and abstinence, assisted 
only by those natural agents which are universally ac- 
cessible. It is difficult, however, to point out an article, 
however simple, that can be exposed to sale without the 
concurrence, direct or indirect, of many hundred, or, more 
frequently, of many thousand different producers; almost 
every one of whom will be found to have been aided by 
some monopolized agent. 

There are few things of which the price seems to con- 
sist more exclusively of wages and profits than a watch ;* 
but if we trace it from the mine to the pocket of the 
purchaser, we shall be struck by the payment of rent 
(the invariable sign of the agency of some instrument 
not universally accessible) at every stage of its progress. 

Rent was paid for the privilege of extracting from the 
mines the metals of which it is composed ; for the land 
which afforded the materials of the ships in which 
those metals were transported to an English port; for 
the wharfs at which they were landed, and the ware- 
houses where they were exposed to sale ; the watch- 
maker pays a rent for the land covered by his manufac- 
tories, and the retailer for that on which his shop is 
situated. The miner, the shipwright, the house-builder, 
and the watchmaker ail use implements formed ot 
materials produced by the same processes as the mate- 
rials of the watch, and subject also in their different 
stages to similar payments of rent. The whole amount 
of all these different payments forms probably a very 
small portion of the value of the watch, but if we were 
to attempt to enumerate them they would be found sub- 
divided into ramifications too minute for calculation. 

What remains consists of the wages ot the workmen, 
and the profits of the capitalists who paid those wages 
in advance. The attempt to trace back these wages 
and profits to their earliest beginnings would be as vain 
as the attempt to enumerate all the )<a\ incuts of rent. 

In estimating, therefore, the value ot a manufactured 
commodity, we seldom £o further back than to the price 
paid by the manufacturer for his materials and iniple 
meats, a price which inusL have included all previous 
payments of rent, wages, and profits. 

We will now trace the causes which increase the value 
of those materials alter they have been the property of 
the manufacturer. We will suppose a watchmaker’s 
capital to consist of materials worth X*500, that he has 
bought the land covered by his buildings for <£500, and 
has expended <£900 in erecting them, that his tools 
have cost him £T00, and that an annual expense of 
£100 is necessary to keep his buildings and tools in 
repair. We will suppose him to employ ten workmen, 
each receiving at an average £100 a year, and that one 
year is the average period from the commencement to 
the sale of a watch. We will suppose that his ten 
workmen can annually convert his £500 woith ot ma- 
terials into five hundred watches, and that the average 
rate of profit in his business amounts to ten per centum 
per annum. To give him this profit it is cleur that h is 
watches must sell for 


* It has been used by M. Canard, M. Flores KstraiLi, and Mr. 
M'CuUoch, as an example of the value derived free* Jaipur alone. 
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Political Value of materials £500 

Economy. Wages for a year 1000 

Repairs for a year 100 

Distribu- 1 


Profit on the advance of these sums! 1600 
nd on the value of the land, and I 
buildings, and tools, for half a year, 
at ten per cent, per annum 

£1755 

It will be observed that, although a year is supposed 
to elapse between the commencement and the sale of a 
watch, we suppose the cost of its production to have 
been advanced for only half a year. The fact is tlmt 
some part of the advances must have been mude for 
more, and some for less than half a year. Supposing a 
workman to have been employed on the watch for a 
year, and paid daily, lie received his first day’s wages 
one year before the watch was sold, hut his last day’s 
wages on the very day of the sale; six months, therefore, 
is the average period for which the whole were ad- 
vanced before the sale; just as large a proportion 
having been advanced for a shorter as for a longer 
period. 

It will be observed, too, that we suppose the whole 
value of the materials, repairs, and wages to be repaid, 
but only a profit on the value of the land, buildings, 
and tools. The first are annually expended by the 
capitalist, the second remain to be used as instruments 
of further production. The lund is indestructible, and 
the damage done to the buildings and tools is paid for 
by the £100 supposed to be expended in repairs. 

But the whole cost of production has not yet been 
enumerated. 

In the first place, some wages must be allowed to the 
master watchmaker himself for his labour in superin- 
tending his business; and, secondly, some profit on 
the expense of his education. And as his knowledge 
and habits, which form his mental capital, will not sur- 
vive him, something more than the average rate of pro- 
fit is necessary to replace their value. 

If we suppose the expanse of his education to have 
amounted to £1000, and that it will be replaced with 
average profit by an annual return of £15 per cent., 
and the average wages of labour to be £30 a year, we 
huve £180 to add to the price of the watches, and £9 
more for the advance of this sum for half a year, making 
£1944. 

The last source of expense is taxation, or, in other 
words, the wages and profits of those who have pro- 
tected all the different producers of the watches from 
foreign and domestic violence and fraud. A considerable 
portion of the price paid by the watchmaker for his ma- 
terials, tools, and buildings, probably consisted of the 
taxation to which those commodities had been previously 
subjected ; but the taxation which we are now consider- 
ing is that which he incurs during the year supposed 
to be employed in manufacturing the watch. 

This is an expense little capable of previous estima- 
tion ; partly because the expenses of government arc 
subject to constant variation, and partly because no 
general principle regulates the proportions in which those 
expenses are divided among the contributors. In Eng- 
land they are in general imposed upon the persons using, 
or producing certain commodities ; upon the use, for in- 
stance, of a carriage or window, and upon the production 
of candles or glass. We will suppose the annual taxa- 


tion imposed on the shop and other instruments of pro- J; 
duction used by the watchmaker to amount to £53 7 r., * ^ notny 
the profit on the advance of this sum for half a year j) istr ibu- 
would exceed by a slight fraction £2 13s., together t , on . 

£56, making with the £1944, the amount of our pre- Price, 
vious calculation, the sum of £2000, the whole cost of 
production of the five hundred watches, or £4 a piece. 

The different sums in this example have of course 
been taken at random ; but wc have thought it worth 
while to go through it partly as an instance of the cal- 
culations on which every manufacturer must found his 
estimate of the profit or loss likely to follow any given 
undertaking ; and partly to show in how many shapes, 
labour, abstinence, and the agency of nature, or, in 
other words, rent, profits, and wages, are constantly re- 
appearing in every productive process. 

When wc speak, therefore, of a class of commodities 
as produced under circumstances of equal competition, 
or as the result of labour and abstinence unassisted by 
any other appropriated agent, and consider their price as 
equal to the sum of the wages and profits that must be 
paid for their production, we do not mean to state that 
any such commodities exist, hut that, if they did exist, 
such would be the laws by which th^lr price would be 
regulated ; arid that so far as labour or abstinence, or 
both, are conducive to the production of any given 
commodity, it is to be considered as produced under 
circumstances of equal competition, and as worth the 
wages or profits, or both, with which that labour or 
abstinence, or both, must be remunerated. 

The prices of the commodities comprised in the 
second, third, and fourth classes are but little governed 
by uny general rules. The prices of those comprised 
in the second class cannot rise above the cost of pro- 
duction when lumssisted by the monopolized agent, but 
have a tendency to approach the cost of production to 
the monopolist. The prices of those comprised in the 
third and fourth classes have no necessary limits, but 
ppproach much more nearly to the cost of production in 
the fourth class, where the monopolist can increase his 
produce, than in the third class, where nature strictly 
limits the amount that can be produced. 

The price of the commodities comprised in the fifth 
and last class, those which are produced under what 
may be called unequal competition or qualified mono- 
poly, where all persons may become producers, but 
every additional quantity i9 obtained at a greater pro- 
portionate expense, has a constant tendency to coincide 
with the cost of production of that portion which is con- 
tinued to be produced at the greatest expense. The 
annual supply of London requires about one million 
five hundred thousand quarters of wheat. Of this 
quantity, perhaps fifty thousand can *be obtained only 
by means of high cultivation, or very distant carriage, 
at an expense of about 50.?. a quarter. While the 
wants and the wealth of the inhabitants of London are 
such as to make them require, and enable them to pur- 
chase, one million five hundred thousand quarters, and 
the expenses of carriage and cultivation remain unaltered, 
it is clear that the whole quantity, supposing it to be of 
uniform quality, must sell at the rate of 50a. a quarter. 

If it were to sell for less, the last fifty thousand quarters 
would cease to be produced, and the price would again 
rise in consequence of (he deficiency of the supply. 

But of the whole one million five hundred thousand 
quarters, a portion, perhaps fifty thousand, might be 
produced by slightly cultivating the most fertile and 
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Political best situated land, at the expense of 10.?. a quarter. 

Economy. ^ hundred thousand may cost the producer 20.?. a 
quarter, two hundred thousand 25 two hundred tliou- 
J^str&tra- gan( j niore a quarter, and the cost of production of 
Kent. all, except the la9t fifty thousand, must have been less 
than the 50& for which they arc sold. The difference 
between the price and the cost of production is rent. 
It is an advantage derived from the use of a natural agent 
not universally accessible. It is taken, therefore, by the 
owner of the agent by whose assistance it was obtained. 

A portion of the whole supply, however, that portion 
which is produced at the greatest expense, is produced 
without any payment of rent. If the cost of producing 
and sending to market from a given farm be in the fol- 
lowing proportions: for one hundred quarters £1000, 
for ninety more £100, for eighty more £100, for 
seventy more £100, for sixty more £100, for fifty more 
£100, for iorty more £100, and for thirty-three and one- 
third of a quarter more £100, and the price per 
quarter is 60«., it is clear that the landlord's rent will be 


in the following proportions: 

On the first £100 expended ,£200 

On the second 100 170 

On the thirl! 100 140 

On the fourth 100 110 

On the fifth 100 80 

On the sixth 100 . 50 

On the seventh 100 20 

In all £770 


And it is equally clear that no rent can he paid by 
the farmer for the privilege of producing the lust thirty- 
three one-third quarters, as the whole £100 for which it 
sells is absorbed by the cost of production. The last 
thirty-three one-third quarters will continue to be pro- 
duced as long as the wants and tho wealth of the pur- 
chasers render them willing and able to purchase a 
quantity of corn, the whole of which cannot be supplied 
unless this last and most expensive portiou is pro- 
duced. If those wauls and wealth should increase, it 
might become necessary to raise an additional supply at 
a still further additional expense, at the cost, we will 
say, of £ 100 for only twenty quarters. But it is clear 
thut this could not be done unless the price should be 
£5 a quarter, since that is the lowest price at which the 
cost of producing the last supply would be repaid. The 
price, indeed, would probably have previously risen to 
above £5 a quarter, since an interval must have elapsed 
between the increased demand occasioned by the in- 
creased wants and weulth of the purchasers aud the 
increase of the supply. During that interval the price 
must have risen somewhat above the price at which it 
would settle when the additional supply had been ob- 
tained. The appearance of that additional supply would 
sink it to £5 a quarter, the cost at which that supply is 
produced, but it could uot permanently fall below that 
price unless a diminution should take place either in 
the wants or wealth of the purchasers, or in the ex- 
penses of cultivation or conveyance. 

All this uppears almost too plain for formal statement. 
It is however one of the most receut discoveries in 
Political Science : so recent that it can scarcely be said 
to be universally admitted even in this Country, and 
that abroad it does not seem to be even comprehended. 
If any writer could be expected to be fully master of it 
it would be Say, the most distinguished of the Continental 
Economists, and the annotator ou Ricardo. In his 

VOL. VI. 


notes to the French translation of the Print iph* of Political 
Political Economy and Taxation , he constantly objects ^ con *> ,n y- 
to Mr. Ricardo’s reasonings, the fact that all cultivated — ^ 
land pays rent; as if such a fact were inconsistent ,yi<,tribu - 
the existence of corn raised without the payment of 
rent. He repeats this objection in a note to a passage ” 
in which Ricardo has demonstrated its falsity. In tile 
twenty-fourth chapter of the Principle Mr. Ricardo 
examines Adam Smith's opinions on rent. 

" Adam Smith,” observes Mr. Ricardo, “ had adopted 
the notion that there were some parts of the produce of 
land for which the demand must always be such as to 
afford a greater price than what is sufficient to bring 
them to market; and he considered food as one of 
those parts. 

11 He says that ‘ land in almost every situation pro- 
duces a greater quantity of food than what is sufficient 
to maintain all the labour necessary for bringing it to 
market, in the most liberal way iu which labour is ever 
maintained. The surplus, too, is always more than 
sufficient to replace the stock which employed that 
lubour, together with its profits. Something, therefore, 
always remains for a rent to the landlord.’ 

“ But what proof does he give of this ? No other 
than the assertion that 1 the most desert moors in Norway 
and Scotland produce some sort of pasture for cattle, of 
which the milk and the increase are always more than 
sufficient not only to maintain all the labour necessary 
for tending them, and to pay the ordinary profit to the 
fanner or owner of the herd or flock, but to afford some 
small rent to the landlord.’ Now of this I may be 
permitted to entertain a doubt. I believe that as yet in 
every Country, from the rudest to the most refined, 
there is land of such a quality thut it cannot yield a 
produce more than sufficiently valuable to replace the 
stock employed on it, together with the profits ordinary 
and usual in that Country. In America we all know 
that this is the case, and yet no one maintains that the 
principles which regulate rent are different in thut 
Country and in Europe. But if it were true that Eng- 
land had so far advanced in cultivation, that at this 
time there were no lands remaining which did not afford 
a rent, it would be equally true, that there formerly 
must have been such lands; and that whether tin re be 
or not, is of no importance to this question, for it is the 
same thing if there be any capital employed in Great 
Britain on land which yoUU only the return of stork 
with its ordinary profit*, whether it be employed on 
new or old land. If a fanner agrees for land on a lease 
for seven or fourteen \ears, lie may propose to employ 
on it a capital of £ 10.000, knowing that at the en- 
isling price of grain and raw produce he cun repine* 
that part of his stock which he is obliged to expend, 
pay his rent, and obtain the general rate of profit. He 
will not employ £ 11,000 unless the last £1000 can be 
employed so productively as to afford him the umkiI 
profits of stock. In his calculation whether he slmd 
employ it or not, he considers only whether the price « « 
raw produce is sufficient to replace his expenses and 
profits, for he knows that he shall have no additional 
rent to pay. Even at the expiration of his lease his rent 
will not be raised ; for if his landlord should require 
rent, because this additional £1000 was employed, lie 
would withdraw it, since by employing it he gets by the 
supposition, only the ordinary and usual profits which 
he may obtain by any other employment of stock. 
Principles, 389 — 391. 

2 B 
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VuliticM To this passage, M. Say affixes the following note: 
Ecoiiuni). «-**x*his Is precisely what Adam Smith does not admit, 
Distribu- since he says that the worst land in Scotland gives to its 
t»on. proprietor a rent.’’ Wc answer to M. Say : “ This is 

Kent. precisely what Mr. Ricardo declares to be immaterial, 

since a portion of what is produced on a farm giving a 
rent often guineas an acre, may be produced without 
any rent being paid for the privilege of producing it.*’ 

It must be admitted, however, that the doctrine in 
question has often been stated in a form likely to con- 
fuse the dull or inattentive, and liable to the cavils of 
the uncundid. Mr. Ricardo, who, though not its dis- 
coverer, is its best known expositor, was led, both by 
his merits and his defieiences, into frequent inaccuracy 
of language, lie was not enough master of logic to 
obtain precision, or even to estimate its importance. 1 1 is 
sagacity prevented his making sufficient allowance for the 
stupidity or carelessness of his readers; and he was too 
earnest a lover of truth to anticipate wilful misconstruction. 

Under the influence ot these causes he is, perhaps, the 
most incorrect writer who ever attained philosophical 
eminence; and there are few subjects on which he has 
been guilty of more faults of expression than on rent. 

lie perceived that an increased will and power on 
the part of the community to purchase raw produce, 
and the impossibility of increasing the supply but at an 
increased expense, must necessarily raise rents, and 
must also occasion an extension of cultivation. Asso- 
ciating, therefore, in his own mind the ideas of the rise 
of rents and of the extension of cultivation, he Inis often 
spoken of them as if they stood in the relation of cause 
and effect: as if the extension of cultivation were a 
cause of the rise of rent, instead of being, as it obviously 
is, a means by which that rUe is counteracted. The 
inaccuracy is so obvious that we can scarcely suppose it 
to have misled any reader of tolerable care and acuteness. 

He has also too frequently used the expression “ the 
corn raised on land paying no rent,** as an equivalent 
for “ the corn raised without the payment of rent.’’ 
And when his opponents reply, as is true, that “in old 
Countries all land pays a rent," he has sometimes denied 
the truth of the reply, instead of showing, as he has done 
in the passage which we have quoted, that the doctrine 
is just as true when applied to a small district in which 
all the land is highly rented, as when applied to a 
colony where rent is the exception and fieedom from it 
the rule. 

Again, he has often spoken of the existence of rent 
as dependent on the cultivation of land of different 
degrees of fertility, or on the fact that the same land 
repays, with a proportionabl) smaller return, the applica- 
tion of additional capital. And yet it is clear that if we 
suppose the existence of a populous and opulent dis- 
trict of great but uniform fertility, giving a large return 
to a given expenditure of capital, but incapable of giving 
any return whatever on a less expenditure, or any 
greater return on a larger expenditure, such a district 
would afford a high rent though every rood of land 
and every portion of the capital applied to it would be 
equally productive. 

We now proceed to consider some remarkable con- 
sequences of the proposition that additional labour when 
employed in manufactures is more, and when employed 
in agriculture less efficient iu proportion ; or, in other 
words, that the efficiency of labour increases in manu- 
factures in an increasing ratio, and in agriculture in a 


decreasing ratio. And, consequently, that every addi- 
tional quantity of manufactured produce is obtained, so ^ ^ 

far as the manufacturing it is alone concerned, at a less DUtribu- 
proportionate cost, and every additional quantity of^ 011t 
agricultural produce is obtuined, generally speaking, at 
a greater proportionate cost. 

So fur as the price of any commodity is affected by Different 
the value of the new material of which it is formed, it effects of in- 
has a tendency to rise, so far as the price consists of the 
remuneration to be paid for the labour and abstinence of^nufoc- 
those employed in manufacturing it, it has a tendency to tured and 
fall, with the increase of population. raw pro- 

It is obvious that commodities of rude or simple duo ‘- 
w. rkmansliip arc subject to the first rule, and the finer 
manufactures to the second. Bread may afford an 
instance of the first Kind, and lace of the second. The 
aveiage price iu England of a half-peek loaf is now about 
1 j. 3d. Of tii is sum 10c/., at least, may be assumed to be 
the price of the wheat ; the wages and profit of the miller, 
baker, and retailer absorbing the remainder. If cir- 
cumstances should arise, requiring the present supply 
of bread to be immediately doubled from our home- 
produce, it is obvious that the inci%used supply of 
wheat could not be obtained by merely doubling the 
amount of labour now employed in its production. It 
is impossible to say to what amount the increased diffi- 
culty of production would raise the price of wheat ; we 
will, however, suppose it to he doubled, and the price of 
the wheat necessary to make a half-peck loaf to be Is. He/, 
instead of 1 Or/. : at the same time the increased labour 
employed in its manufacture and sale would become 
more efficient. The miller and the baker would em- 
ploy belter instruments and a greater division oflabour, 
and the retailer would be able to double his sales at 
little additional expense. The price of bread, so far only 
ns its manufacture and retail is concerned, would be 
reduced perhaps one-fourth, or from 5 d. to 3 \d. Iu 
which case, the whole result of the increased produc- 
tion would be that the half-peck loaf would sell for 
It. lljtf. instead of It. 3d. 

YYe will now see what would be the effect of ail 
increased use of lace. 

At the present price of lace and cotton, a pound of 
cotton worth, in the Liverpool-market, 2s., may be 
converted into a piece of lace worth 100 guineas. 

Suppose the consumption of lace to double, and the 
increased difficulty of producing the additional quantity 
of the cotton fit for lacemaking to raise its price from 
2s. to 4s. a pound ; the price of the lace, supposing it 
still to be manufactured at the same expense, would 
be raised one thousand and fiftieth part, or from £105 
to £105 2s. But it is impossible tq doubt that the 
stimulus thus applied to the production of lace would 
improve every process of the manufacture. We should 
probubly much underrate the amount of that improve- 
ment if we were to estimate the consequent saving of 
expense at one-fourth; in which case the whole result of 
the increased production would be that the lace would 
sell for £78 17s. instead of £105; the same circum- 
stances which would nearly double the price of bread 
would reduce by one-fourth the price of lade. 

Another inference from the proposition in question is 
the difference between the effects of taxation when im- 
posed on raw produce and when imposed on manufac- 
tured produce. 
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Taxes on manufactured commodities ultimately raise 
the price, and that by an amount exceeding the amount 
of the tax. Taxes on agricultural produce in its un- 
manufactured state do not necessarily occasiou any ulti- 
mate rise of price, and raise 1, if at all, by an amount less 
than that of the tax. 

The first proposition may be easily illustrated. 

We will suppose a tax on watches of twenty-five per 
cent on their , value to have existed from the com- 
mencement of that trade. As there is no reason to 
suppose that the profits or the wages of master watch- 
makers or their workmen are, under present circum- 
stances, above the average wages and profits of jwrsons 
similarly employed, it is clear that, if such a tax had 
always existed, the price for the time being of watches 
must always have been one-fourth higher than it has 
been, or the trade of watchmaking would huve been 
followed neither by labourers nor capitalists. It is clear 
also that such an increase of price must always have 
diminished or retarded in its increase the sale, and, 
consequently, the production of watches. .But if fewer 
watches had been made, the smaller number would have 


been made at a greater proportionate expense. And the 
price of watches*inust have been higher than it actually 
has been, first by the amount of the tax, and 
secondly by the greater expensivcucss of the more 
limited manufacture. It is equally clear that, after the 
removal of such a tax, the price of watches would sink, 
first by the amount of the tax removed, and secondly by 
the improvement in the manufacture consequent on an 
increased production. It is equally clear that, if such a 
tax were now for the first time to be imposed, the price 
of watches must rise, first by the amount of the tax, and 
secondly by the amount of the increased proportionate 
expense of making and selling the diminished quantity 
sold, or watchmaking would erase to be as profitable as 
the average of trades. It is clear, too, that the more 
the use of watches diminished the higher the price 
must eventually rise. If only ten new watches were 
made every year, they would probably cost iN'jOO 
a-piece. If only one were made, it would probably 
cost little less than the whole price of the ten. It is 
true that these effects would not immediately follow 
either the imposition or the removal of Ihe tax: an 
interval must in either case elapse, during which, the 
existing capital in the watchmaking trade continuing the 
same, the supply of watches would be neither increased 
nor diminished, and, consequently, the price but little 
aftected. During this interval, both the wages and the 
profits of those engaged in that business would be 
unnaturally high, or unnaturally low, and they would 
not acquire their natural level until, in the case of the 
removal of the tax, a sufficient number of persons were 
educated to the busiuess, or, in the cane of the imposition 
of the tax, the number of persons educated to the 
business had been sufficiently diminished, to enable the 
supply of watches to be proportioned to the demand, at a 
price giving average profits and wages to the capitalists 
and labourers employed in their manufacture and sale. 
Ptfii t of But if agricultural produce were subjected to such a 
t l *iciiTtuM would be afforded by precisely the same 

pfo!uico Ura com * uct w hioh in manufactures aggravates the pressure, 
namely, by a diminution of production. 

It may be assumed that capital is fairly distributed 
among the various channels for its employment, and 
that, in the absence of peculiar disturbing causes, agri- 
culture, the most agreeable of all occupations, has not 


less than an average share of it. It may therefore be Political 
assumed, geuerally speaking, that capital is' employed on *«>»»“)'- 
land until its produce repays, but does not more than N — ' 
repay, the expense of cultivation ; or, in other words I),8tlib “* 
that the occupier of land pushes its cultivation until the Kffcd of 
additional produce obtained by means of the last lalmur- luxation on 
ere employed is just sufficient, at the existing price, to agricultural 
!>ay their wages, and average profits to himself, for the l ,toduc *' 
lime during which those wages must be paid in ad\ancc. 

On the imposition of a tax, either the price of what he 
produces must rise by the amount of the tax, or the 
farmer must discontinue the production of that portion 
of his crop which is raised at the greatest expense. 

NVc will suppose a farmer to occupy a farm contain- 
ing six hundred acres of arable land of different degrees 
of fertility; one hundred acres of which, with the labour 
ol ten men directly and indirectly employed on them, 
would give a return which, in order to reduce it to one 
denomination, we will call six quarters of wheat an acre ; 
one hundred others capable of giving with an equal 
number of men only five quarters per acre; one hun- 
dred others, four quarters per acre ; one hundred others, 
three quarters per acre ; one hundred others, two quar- 
ters per acre ; and the last ami worst one hundred acre**, 
only one quarter per acre. We will suppose, also, that 
the wages of ten men for a year amount ad an average 
to £400, or £40 a man ; that the farmer has to ad- 
vance these wages for a year before the produce is sold ; 
and that the average rate of profit in similar occupations, 
is fen per cent, per annum. Under such circumstances, 
when wheat was £2 4?. a quarter it would be worth hi* 
while to employ every man whose labour produced twenty 
quarters, the price of which would amount to £ II, being 
£40 for the labourer's wages, and £4 (or the fanner’s 
profit. The forty men supposed to be employed on 
the four best qualities of soil produce each this amount 
and morn ; the leu men employed on the fifth quality of 
soil produce each precisely this amount, namely, a return 
of two hundred quarters, worth £440. The sixth and 
last quality of soil, on which one man could produce 
only ten quarters, would not repay the cultivation of 
wheat. Now, if a tax were laid on raw produce, which, 
to make the illustrations less complex, we will call a 
tax of 14#. Sd. on every quarter of wheat, and no rise 
of price should take place, it is obvious that it would no 
longer be worth his while to cultivate any land of wor«e 
quality than that in which the labour of ten men could 
produce three hundred quarters of corn ; a return which, 
at the existing price of £2 4#. a quarter, would procure 
£660, being £*220 for the tax, and £440 as before for 
wages and profits. But it would obviously be woith 
his while to cultivate land of that quality, and also io 
employ labour in the cultivation of his superior land up 
to the point of which the labour of an additional man 
would no longer produce an additional produce of thirty 
quarters. Nothing but a tax so great as absolutely to 
prohibit agriculture, such a tax as never has existed, 
and which would, in fact, be rather a penalty than a tax, 
could induce him to discharge all his labourers and 
leave his best land uncultivated. Wo do not deny that 
he would be a loser, even by the conduct which we 
have supposed him to adopt. Wo do not deny that he 
would much have preferred a rise in the price of corn 
equal to the tax, — a rise which would have enabled him 
to continue in its existing investment all his agricultural 
capital. But we deny that any imposition to w inch the 
name of a tax can fairly ho applied, though unaccom- 
2 o 2 
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panied by a rise of price, would induce him altogether to 
discontinue production. And we wish to draw the atten- 
tion of our renders to the contrast between his situation 
and that of the manufacturer, whom any tax, however 
slight, if unaccompanied by a rise of price, must 
in time force to discontinue manufacturing. What is 
a remedy to the agriculturist is an aggravation of evil 
to the manufacturer; n diminution of capital makes 
what remains in agriculture more productive, and makes 
what remains in manufactures less so. 


It has been supposed, however, that the price of agri- 
cultural produce would rise to the full umount of the 
tax, and that the whole amount of that tax would con- 
sequently fall on the consumer. This is the opinion of 
Mr. Ricardo ami of Mr. Mill. And it is on this ground 
that they both maintain that the effect of tithes is to pro- 
duce a rise in the price of raw produce equal to the whole 
value of the tithe, and affecting equally all classes so far 
as they arc consumers of raw produce. We believe that 
the immediate effect of a general tax on raw produce is 
to raise its price, but to nil amount not equal to that of 
the tax; but that its ultimate effect is to diminish the 


consumption and production of raw produce, but to 
lca\o its price unaffected 

To prove our first proposition we need only 
show that the rise of price, which we admit to be 
the immediate consequence of the imposition ot the 
tux, would diminish the consumption, and consequently 
the production of the taxed commodity. It has been 
shown already that, as production is diminished, the 
expense of producing the quantity still produced is di- 
minished; and that the price of agricultural produce 
depends on the expense of producing that portion of it 
which is produced at the greatest expense, or, in other 
words, under circumstances of equal competition. That 
no person would diminish his consumption of corn in con- 
sequence of the rise of its price, is therefore a premise 
necessary to the conclusion which we are combating. 
This is true as respects that portion of the population of 
England which is dependent on parochial relief. In those 
districts in which the amount of that relief is calculated 


with reference to the price of bread, their means of pur- 
chasing are unconnected with price, and neither rise with 
its fall nor sink with its rise, it is true, also, as respects 
the families of those opulent individuals (a prominent, but 
in fact a small portion of society) whose direct expen- 
diture in bread and flour bears a small proportion to 
their general expenses. But the bulk of the community, 
consisting of the labourers who receive no parish assist- 
ance, and happily they arc now the majority, and we 
trust will soon be the great majority ; and the smaller 
shopkeepers and farmers, unquestionably regulate, in a 
great measure, their purchases of wheat by its price. 
Much of their consumption, when it is comparatively 
cheap, consists of puddings and pies, articles of mere 
luxury, which, on the slightest rise, are immediately dis- 
continued. If the rise continue, they turn from wheaten 
bread to cheaper subsistence : in the North to oatmeal, 
in the South to potatoes. And, indeed, without recurring 
to details, it may be laid down as a principle of universal 
application, that, in the absence of disturbing causes, 
every increase in the price of a commodity must diminish 
both the ability and the will to purchase it. 

We now proceed to prove our second proposition, 
namely, that the ultimate effect of a tax on raw produce is 
not to raise its price, but to diminish the quantity pro- 
duced. It will be at once admitted that the price of raw 


produce, in any Country, does not depend on the positive Political 
extent, or on the positive fertility of that Country, but, all conom y. 
the other things remaining the same, on the proportion Di>tnbu- 
which that extent, or that fertility bears to the number and ti<,n. 
wealth of the existing inhabitants. It may be low in a Effect of 
barren territory, if that territory be thinly peopled, just as taxation on 
it may be high in a fertile and populous one. It is high 2^ Ura ’ 
in the rich Lowlands of Scotland, and low in the sandy ’ 
plains of Poland. And it will also be admitted that, all 
other things remaining the same, the population of a 
Country is in proportion to its extent mid its fertility. 

Now, the ultimate effect of tithes, or of any other tax, on 
the cultivation of land is precisely the same as if the 
Country in which they have long prevailed were thereby 
rendered rather less extensive, or rather less fertile. 


and consequently, rather less populous, and probably 
also rather poorer than it otherwise would have been. 

If England, from time immemorial, had been rather 
more extensive, or rather more fertile than it now is, no 
one will suppose that the price of provisions would have 
been lower than it now is. We should have had rather 


more corn, and a rather greater population to eat that 
corn, than we now have. The increase would have been 


positive, not relative. if Devonshire or Lincolnshire 
had never existed, the agricultural produce and the popu- 
lation of England would each have been positively dimi- 
nished ; but. as they would have borne the same propor- 
tion to one another as they do now, the pi ice of the 
existing quantity of corn could not have been higher 
than it is now. So if tithes had never existed, we 


should have had rather more corn, and a rather larger 
and probably a rather richer population ; every thing 
else would have been as it is. It is true that, if a 
new Devonshire, or a new Lincolnshire, fit for im- 


mediate cultivation, were now suddenly added to our 
shores, the immediate consequences would be, an in- 
creased supply of provisions, and a fall in their price. But 
it is also true that, if this accession to our territory were 
followed by no change in our habits and institutions, the 
comparative cheapness, which would be its immediate 
consequence, would gradually disappear as our population 
rose with the increased supply of subsistence, and, ulti- 
mately, we should be just where we are now, excepting 
that we should be rather more numerous. So, if tithes 
were suddenly commuted, and their interference, such as 
it is, with agricultural improvement, got rid of, the same 
consequences would follow as if tile extent of our ter- 
ritory, or its feitility were suddenly augmented. And, 
supposing no improvement to take place in our institu- 
tions and habits, the consequent increase of our popu- 
lation would bring us back, as far as the price of pro- 
visions is concerned, to the point at which we are now. 

It is probable, indeed, that the ultimate effect of the 
abolition of tithes would be not a lowering but ail 
increase of the price of raw produce. A denser popula- 
tion cultivating a territory, the productiveness of which 
had increased in proportion to the increased number of 
its inhabitants, would probably advance in opulence. 
The productiveness of the soil of a Country in propor- 
tion to its population being given, or, in other words, 
the amount of raw produce and the number of people 
being ascertained, the smaller the extent of the land 
from which that amount is obtained the better. The 
expenses of transport, and the trouble and los 9 of time 
in journeys, are material elements of the cost of produc- 
tion both in agriculture and in manufactures, and the 
amount of these expenses depends principally on the 
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Political extent of Country affording a given return. As our 
Economy. i nr i us try became more efficient the value of our labour 
would rise in the general market of the world, and the 
tion 11 >U * consequence would be a general rise of prices, in which 

Effect of agricultural produce would participate. But these 

taxation on statements form no part of our argument. We believe, 
agricultural indeed, that the ultimate effect of tithes is to lower the 
l>ruduce. price of raw produce: but all that we have undertaken 
to show is, that they do not raise it. 

From these premises follow very important practical 
inferences. If we lay a tax on the production at home 
of any manufactured commodity which is produced with 
the same, or nearly the same, facility abroad, it is abso- 
• lutely necessary that a duty of the same, or a rather 
greater amount, should be imposed on the importation 
of that commodity. On the imposition of the tax the 
cost of production at home is increased, first by the tax, 
and secondly by the increased expense of producing the 
smaller quantity which, when the price becomes higher, 
continues to be dematided. But if importation were 
untnxed, the cost of production abroad would be dimi- 
nished in consequence of the diminished proportionate 
expense of producing the larger quantity demanded. 
The domestic |ftoductioti, and with the domestic pro- 
duction the tax, would not be merely diminished, but 
absolutely destroyed, and the whole result would be 
gialuitous evil. But when a tax, unbalanced by any 
countervailing duty on importation, is imposed on any 
agricultural produce for which a foreign substitute can 
be obtained, the only result is to stop thut portion which 
is most crpi nsirc of the domestic production. The 
least productive part of the existing agriculluial capital 
is withdrawn, or worn out without being replaced. The 
deficiency is attempted to be supplied by importation ; 
but the increased demand instead oflowering, as would 
be the case with manufactures, raises the cost of produc- 
tion abroad, just as the diminished demand, instead of 
raising, lowers the cost of production at home. The 
price of agricultural produce rises until the state of the 
population has accommodated itself to the change, and 
then falls to its former level. If our present heavy tax 
on the domestic production of glass were unbalanced by 
any duty on importation, all the English glass-works 
would in time lie abandoned. Or, if some of our glass- 
works were free from the tax, and others subject to it, 
all those which were taxed would be ruined. But the 
lands iu England which are subject to the payment of 
tithes are not thrown out of cultivation by the competi- 
tion of those which are free from that burden, or by the 
importation of the tithe-free corn and cattle of Scotland, 
or of the comparatively tithe-free produce of Ireland. 
The estates which are subject to tithes continue to be 
productive, they continue even to atford a rent, though 
the burden diminishes the productiveness, and dimi- 
nishes in a still greater degree the rent. 

Before we quit the subject of tithes, it may be worth 
while to expose another error connected with them, 
namely, the popular opiuion that their tendency to in- 
crease in amount is greater than that of reqt. We be- 
lieve the fuct to be just the reverse. 

Tithes are a definite, rent is an indefinite, share of the 
produce. Tithes can never exceed a tenth ; rent need 
not be a tenth, or even a hundredth, hut may amount to 
a fourth, a third, a half, or even more than a half. Tithes, 
therefore, can be exacted, where rent cannot be ; but 
when once any spot of land can afford to pay both rout 
and tithes, there is no comparison between their respective 
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powers of increase. This will immediately appear on a Political 
reference to the familiar illustration of the progress of Kconon >y- 
rent. ° 

If we suppose a Country to he divided into ten dis- 
tricts designated by the numbers from l to 10, each of V n*' t „r 
equal extent, but each of a different decree of fertility, taxation on 
No. 1 producing, at a given expense, two hundred agricultural 
quarters of corn, and the amount of the produce, at the l ,,,l ' uw - 
same expense, of each quality of land, diminishing by 
ten quarters until we come to No. 10, which produces 
only one hundred quarters, we shall find that when No. 1 
only will pay for cultivation, it affords twenty quarters 
for tithes, and "no rent. When the price of corn has 
risen sufficiently to enable No. 2 to be cultivated, there 
will be on Nos. 1 and 2 thirty-nine quarters for tithes, 
and on No. I ten for rent. When No. 3 has become 
worth cultivation, there will be on Nos. 1, 2, and 3, fifty- 
seven for tithes, and on Nos. 1 and 2 thirty for rent. 

When No. 4 has become worth cultivating, there will be 
on Nos. 1, 2, 3, and 1, seventy-four for tithes, and on 
Nos. 1, 2, and 3, sixty for rent. When No. 5 lias become 
worth cultivating, there will be on Nos. 1, 2, 3, 4, and 5, 
ninety for tithes, and on Nos. 1,2, 3 and 4, one hundred 
for rent. Kent has now passed tithes, and its subse- 
quent superiority is very striking. When No. 6 has be- 
come worth cultivating, there will be one hundred and 
five for tithe's and one hundred and fifty for rent. When 
No. 7 has become worth cultivating, there will be one 
hundred and nineteen for tithes, and two hundred and 
ten for rent. When No. 8 has become worth cultivating, 
tithes will be one hundred and thirtj-two, and rent two 
hundred and eighty. When No. 9 has become worth 
cultivating, tithes will be one hundred and forty-four, 
and rent three hundred and sixty. And when No. 10 
has become worth cultivating, tithes will be one hundred 
and fifty-five, and rent four hundred and fifty. And the 
same results will follow if, instead of supposing fresh 
land of a regularly decreasing fertility to be taken into 
cultivation, we suppose further capital to be applied to 
the same land, with regularly decreasing proportionate 
return. Of course wt do not mean that either of these 
suppositions represents what actually takes place, but 
they each represent the course of events to which there is 
a natural tendency. They represent the relative ratio at 
which rent and tithes would increase in the absence of 
disturbing causes. It must be recollected, however, 
thut these events would not take place in the regular 
order in which we have placed them, except oil the 
supposition of each different district which we have 
supposed to be successively cultivated being of the same 
extent, and of each successive application of capital being 
of the same value. If, for instance. No. 10 were ten 
times as large as any one of the other districts, and 
received ten times as much capital, it would increase the 
whole amountof titheable produce by one thousand quar- 
ters instead of by one hundred quarters, and tithes would 
be raised from one hundred and forty-four quarters to two 
hundred aud forty-four quarters, while rent would have 
risen only from three hundred aud sixty quarters to four 
hundred and fifty. In such an event, therefore, tidies 
would rise more than rent. And it must also be recol- 
lected that tithes and rent do not rise at precisely the 
same period. The highest amount of rent must be just 
before the land producing the additional supply has been 
cultivated. The increased demand is then in full ope- 
ration, and has not beeu counteracted by the increased 
supply. But the amount of tithes is not increased until 
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Political after the additional supply has been produced. Their 
Economy. i ncrease> therefore, is generally contemporaneous with a 
temporary fall of rent : which is probably one of the 
♦ion." 11 causes of the popular opinion that their general tendency 
Effect of to increase is greater than that of rent. Another source 
taxation on of that opinion is, that in England the land has been for 
agricultural centuries subject to a constant process of subdivision, 
produce. w hjle tithes, except the comparatively small part which 
belongs to laymen, have not. The incumbent of a given 
benefice receives the tithes of the same quantity of land 
which was tithed by his predecessor tluee hundred years 
ago. But that land three hundred years ago may have 
belonged to one or two persons, and may now be 
divided between ten or twenty. The present incumbent's 
income may bear a higher proportion than his prede- 
cessor's did to the average income of a single landlord, 
though it bears a lower proportion to the aggregate 
income of all the landlords of the parish. And as a 
general proposition, we have no doubt that, ill a pro- 
gressive Country, the value of tithes will seldom increase 
in proportion to the increasing value of the land out of 


which they issue. 

It appears, therefore, that in a new or ill-peopled 
Country where the abundance of land and the want of 
agricultural capital almost prevent the existence of 
rent, in the economical sense of the word, tithes are the 
only endowment which a Clergy can receive from the 
soil. We see, therefore, why they were adopted for the 
Israelites, who, in fact, were colonists, and by our Danish 
and Saxon ancestors. We see too why the attempt to 
endow with lands the Canadian Church has so signally 
failed. Tithes would not, perhaps, have been a politic, 
but they would have been an actual endowment. The 
reserves stand so many desert spots in the midst of im- 
provements retarding the settlement, interrupting the 
commumcalious, and injuring the wealth and civiliza- 
tion of all that is round them Five centuries hence 
they might afford an ample provision. 


Relative Proportions of Rent, Profit , and Wastes. 


Proportions 
of rent, 
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Having given a general outline of the three great 
classes among whom all that is produced is distributed, 
and of the general laws which regulate the comparative 
values of different products, we now prooeed to con- 
sider the general laws which regulate the proportions in 
which landlords, capitalists, and labourers share in the 
general distribution, or, in other words, which regulate 
the proportions which rent, profit, and wages bear to 
one another. 


We have followed the established nomenclature which 
divides society into landlords, capitalists, and labourers; 
and revenue into rent, wages, and profit. And we 
have defined rent to be the revenue spontaneously 
ottered by nature or accident; wages the reward of 
labour; and profit that of abstinence. At a distance 
these divisions appear, clearly marked, but when we 
look into the details, we find them so intermingled that 
it is scarcely possible to subject them to a classifica- 
tion which shall not sometimes appear to he incon- 
sistent, and still more frequently to be arbitrary. But 
it must be remembered that questions of classification 
relate rather to language than to facts ; and that our 
object will have been effected if we can assist the 
memory by supplying a precise and consistent nomen- 
clature. 

We will begin by recurring to a subject to which we 


have already alluded, the frequent difficulty of deciding 

whether a given revenue ought or ought not to be v ^ \ 

called rent. When an estate has been for some time | )iitribu . 
leased to a careful tenant, it generally receives perma- tion. 
nent ameliorations, which enable the owner, at the ex- Proportions 
piration of the lease, to obtain a higher rent. A hog ^ rent, 
worth 2*. annually an acre nmy be converted into arable 
or pasture worth annually £2. Is the increase? of re- N 0 m C ncla- 
venue rent or profit? It arises from an additional for- ture. 
tility, now inseparably attached to the land. It is re- 
ceived by the owner without sacrifice on his part. It is, 
in fact, undistinguishable from the previous rent. On 
the other hand, its existence is owing to the abstinence 
of the farmer, who devoted to a distant object, the ame- 
lioration of the land, labour which he might have em- 
ployed in producing immediate enjoyment for himself. 

If the owner of the estate had farmed it himself, and 
had directed labour to be employed on its permanent 
improvement, the additional produce occasioned by 
those improvements would clearly have been termed 
profit. It appears, therefore, most convenient to term 
it profit when occasioned by the improvements made 
by a tenant. 

In fact, these improvements are as consistently to be 
termed capital as a clock or a cotton-mill. W hose capital 
are they then ? During the lease the capital of the 
tenant ; when it has fallen in, the capital of the landlord, 
who has purchased them by engaging not to raise the 
rent during the currency of the lease. 

We may be asked, then, whether the improvements 
which form the greater part of the \alue ot the soil of 
every well-cultivated district are all, and for ever, to he 
termed capital ? Whether the payments received from 
his tenants hy the present owner of a Lincolnshire estate, 
reclaimed hy the Romans from the sea, are to be termed, 
not rent but profit on the capital which was expended 
fifteen centuries ago ? The. answer is that, for all use- 
ful purposes, the distinction of profit from rent ceases as 
soon as the capital, from which a given revenue arises, 
has become, whether by pi ft or by inheritance, the pro- 
perly of a person to whose abstinence and exertions it 
did not owe its creation. The revenue arising Iroin a 
dock, or a wharf, or a canal is profit in tfie hands of the 
original constructor. It is the reward of his abstinence 
in having employed capital for the purposes of produc- 
tion instead of for tho«e of enjoyment But in the hands 
of his heir it has all the attributes of rent. It is to him 
the gift of fortune, not the result of n sacrifice. It may 
be said, indeed, that such a revenue is the reward for 
the owner’s abstinence in not selling the dock or the 
canal and spending its price in enjoyment. But the 
same remark applies to every species of transferable 
property. Every estate may be sold, and the purchase- 
money wasted. If the last basis of classification were 
adopted, the greater part of what every Political 
Economist has termed rent must be called profit. 

Again, there are tew employments in which extraor- 
dinary powers of body or mind do not receive an extra- 
ordinary remuneration. It is the privilege of talent to 
work not only better but more easily. It will gene- 
rally be found, therefore^ that the commodity or service 
produced by a first-rate workman, while it sells for 
more than an average price, has cost less than an 
average amount of labour. Sir Walter Scott could write 
a volume with the labour of about three hours a day 
for a month, and for so doing received £500 or £1000. 

An ordinary writer, with equal application, would find 
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it difficult to produce a volume in three months, and still 
more difficult to sell it for £50. 

Is then the extraordinary remuneration of the labourer, 
which is assisted by extraordinary talents, to be termed 
rent or wages? It originates in the bounty of nature; 
so far it seems to be rent. It is to be obtained ouly ou 
the condition of undergoing labour ; so far it seems to 
be wages. It might be termed, with equal correctness, 
rent, which can be received only by a labourer, or 
wuges, which can be received only by the proprietor of 
a natural agent. But as it is clearly a surplus, the 
labour having been previously paid for by average 
wages, and that surplus the spontaneous gift of nature, 
we have thought it most convenient to term it rent. 
And for the same reason we term rent what might, with 
equal correctness, be termed fortuitous profit. We 
mean the surplus advantages which are sometimes 
derived from the employment of capital after making 
full compensation for all the risk that has been encoun- 
tered, and all the sacrifices which have been made, by 
the capitalist. Such are the fortuitous profits of the 
holders of warlike stores on the breaking out of unex- 
pected hostilities ; or of the holders of black cloth on the 
sudden death oPbne of the Koyul family. Such would 
be the additional revenue of an Anglesea miner, if, 
instead of copper, he should come ou an equally 
fertile vein of silver. The silver would, without doubt, 
be obtained by means of labour and abstinence; but 
they would have oecn repaid by nn equal amount of 
copper. The extra value of the silver would be the 


gift of nature, and therefore rent. 

Secondly. It is still more difficult to draw the line 
between profit and wages. There are, perhaps, a few 
cases in which capital may improve in value, without 
superintendence or change, simply by being preserved 
from consumption. Wine and tunljcr, perhaps, atford 
instances. But even a wine-cellar or a plantation, if 
totally neglected, would probably deteriorate. And, as 
a general rule, it may be laid down that capital is an 
instrument which, to be productive of profit, must be 
employed, and that the person who directs its employ- 
ment mud labour , that is, must to a certain degree 
conquer his indolence, sacrifice his favourite pursuits, 
and often incur other inconveniences from his residence, 
from the persons to whose contact he is exposed, from 
confinement or from exposure to the weather, and must 
also often submit to some inferiority of rank. If labour 
be in general necessary to the u^e of material capital, it 
is universally necessary to the use of that immaterial 
capital which consists of appropriate knowledge, and of 
moral and intellectual habits and reputation. — A capital 
created and kept up at more expense, and productive of a 
greater return than that which is material, but which, 
from the impossibility of actually transferring it, or im- 
planting in one man the ability of another, can never be 
productive but through the labour of its possessor. 

Is then the remuneration of this labour to be termed 
wages or profit? A certain portion of it, that portion 
which would be sufficient to repay equal exertions and 
hardships endured by an ordinary labourer, unprovided 
with capital, must, without doubt, be termed wages. And 
where extraordinary natural taleuts or favourable acci- 
dents have occasioned the exertions of the capitalist to 
obtain more than an average remuneration, that excess 
is, as we have already seen, rent. But the revenue to 
which our present question applies is the revenue 
obtained from the employment of capital, after deducting 


ordinary interest on the capital, as the remuneration Political 
for the abstinence of the capitalist, ordinary wages, as Economy, 
the remuneration for his labour, and any extraordinary 
advantages which may have been the result of uccident. I ? ifctribu ' 

The subject may be made clearer by a few examples 1 !w or tior. 
and we have endeavoured to fiud some in which the of rent 
remuneration for the capitalist's trouble, instead of profit, and 
being, os is usually the case, mixed up with the gross ^K® 8 * 
amount of his returns, appears as a separate item. ^The j^ )menc * a * 
trade of bill-broking affords an instance. The business Ure ’ 
of a bill-broker is to advance, before it becomes due, the 
money for which bills of exchange arc drawn, deducting, 
under the tiarne of discount, iuterest at the rate of not 
more than five per cent, per annum on the sum secured 
by the bill. In time of peace, and in the ordinary state 
of the money-market, the rate of discount varies from four 
to three per cent, per annum. It has been sometimes as 
low us two and a half. It appears at first strange that such 
a trade should exist, since the money capital employed i a 
it docs not return even so high a profit as may often be 
obtained from the public funds, leaving the additional risk 
and lubour uncompensated. It is, in fact, a trade which no 
one would carry on if he emploud in it his own money. 

The commercial inhabitants of a great trading city 
have from time to time under their control considerable 
sums of money for short periods. Scarcely a single 
estate in this Country is mortgaged or sold without the 
price or the mortgage-inoney being placed for some days 
at a banker’s or agent's until the “ more last words” of 


the lawyers have been said, 'lhose sums cannot in the 
mean time be employed in any permanent investment; 
but they can be lent from day to day, or, in some cases, 
from week to week, aud it is better to lend them at the 
lowest rate o f interest than to suffer them to lie per- 
fectly idle. The bill-broker’s trade is to borrow these 
sums from week to week, or even from day to day, at 
one rate of interest, and to leud them from month to 
month, or for two or three months, at a higher. To 
borrow, for instuuce, at two per cent, and to lend at three. 

It is obvious that these operations require much 
knowledge, industry, and skill. The broker must be 
well acquainted with the circumstances of almost every 
eminent commercial man in order to estimate the value 
of his acceptance or indorsement. lie must, keep up 
his knowledge by unremitting observation, and by in- 
ferences drawn from very slight hints aud appearances, 
lie must also have the skill so to manage his concerns 
as to have his receipts always falling in to correspond 
with his engagements. This knowledge, and the moral 
and intellectual habits which enable him to apply it, 
form his personal or immaterial capital. But he must 
also have a material capital, not for the purpose of being 
employed in his business, for no one would so employ 
money of his own, but as the means of obtaining con- 
fidence. The interest paid by a broker is so trifling 
that no one would lend to him if it implied the slightest 
risk ; and the best pledge which he can give is the 
notoriety of his possessing a large capital, which could 
at any time make good an unforeseen interruption in his 
regular receipts* This capital he must not waste, but he 
may employ it productively, aud may consume on him- 
self the annual profit derived from it. The confidence 
which it enables him to enjoy is a distinct advantage. 

We will suppose a bill-broker to possess £i 00,(700 in 
the Pour per Cents; aud to have sufficient knowledge, 
skill, and character as a man of business and of wealth, 
to be able, at an average throughout the year, to borrow 
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Political £400,000 at two per cent., and to lend the same sum at 
Kcouomy. p Cr ccnt j s t i lc £4000 a year which his business 

would give him wages or profit? 
m * Again, a capital which in this Country would enable 
Proportions its employer to obtain ten per cent., would often, if he 
of rent, were to employ it in Jamaica or Calcutta, produce fifteen 
profit, and or twenty. If the capitalist with £50,000 encounter the 
Rt-nT* climate and the society of Jamaica, and is rewarded'by 
his annual returns being raised from £5000 to £7500, is 
his additional income of £2500 a year wages or profit l 
• There is no doubt that a sufficient portion of it to pur- 
chase the same services from a person unprovided with 
capital, must be considered as wages : £500 a year, 
however, would considerably exceed this sum. The 
remaining £2000 a year may be considered, with equal 
correctness, cither wages which can be received only by 
the possessor of £50,000, or profit which can be received 
only by a person willing to labour in Jamaica. 

Adam Smith considers it as profit. u The profits of 
stock,*’ he observes,* “ it may, perhaps, be thought, are 
only a different name for the wages of a particular sort 
of labour, the labour of inspection or direction. They 
are, however, altogether different, arc regulated by quite 
different principles, aud bear no proportion to the quan- 
tity, the hardship, or the ingenuity of this supposed 
labour of inspection and direction. They are regulated 
altogether by the value of the stock employed, and are 
greater or smaller in proportion to this stock. If we 
suppose two manufacturers, the one employing a capital 
of £1000 and the other one of £7300, in u place where 
the common profits of manufacturing stock are ten per 
cent., the one will expect a profit of about £t00 a year, 
while the other will expect about £730. Yet their la- 
bour of inspection may be very nearly or altogether the 
same. In many great works, almost the whole labour 
of this kind is committed to some principal clerk. His 
wages properly express the value of this labour of inspec- 
tion and direction. Though in settling them some 
regard is commonly had, not only to his labour and skill, 
but to the trust which is reposed ill him, yet they never 
bear any regular proportion to the capital of which he 
oversees the management. And the owner of this 
capital, though he is thus discharged of almost all labour, 
still expects that his profits should bear a regular pro- 
portion to his capital.’’ 

After much hesitation, we have resolved to adopt this 
as the most convenient classification, and to confine the 
term wages to the remuneration for simple labour; in- 
cluding under the word labour the endurance of all its 
attendant hardships, but excluding from the word wages 
the additional revenue which the labourer often receives 
because he happens to be also a capitalist. We ha\e 
done so on the grounds which are so ably stated in the 
passage which we lastly quoted. 

To revert to our supposition of a capitalist with 
£50,000 repaid by an extra revenue of £2500 a year 
for living in Jamaica: it is clear that another capitalist 
taking there £100,000 would, cateris paribus, obtain 
ati extra revenue of £5000 a year, and that notwith- 
standing his labour would not necessarily be greater than 
that of the first-mentioned capitalist, or notwithstanding 
it might in fact be much less. Perhaps the best plan 
might appear to be, to apply the term wages to the re- 
muneration of mere labour, the term interest to the re- 
muneration of mere abstinence, and the term profit to the 

* Book i. ch. vi. 


combination of wages and interest, to the remuneration Political 
of abstinence and labour combined. This would make it 
necessary to subdivide capitalists into two classes, the 
inactive and the active: the first receiving mere interest, t»„n. 
the second obtaining profit. Proportions 

In this, however, ns in many other cases, the inconve- of renf, 
niences occasioned by departure from an established no- an<1 
menclature and an established classification are so great, 
that we do not think that they will he compensated by 
the nearer approach to precision. We shall continue, 
therefore, to include under the term profit the whole 
revenue that is obtained from the possession or employ- 
ment of capital, after deducting those accidental advan- 
tages which we have termed rent, and also deducting a 
sufficient sum to pay to the capitalist, if actively employed, 
the wages which would purchase an equal amount of 
labour from a person unpossessed of cupilul. In one 
respect, however, we are forced to cliller from Aduin 
Smith. Although he considers the useful, acquired 
knowledge and abilities of all the inhabitants of a Country 
as part of the national fortune, as a capital fixed and 
realized iu the persons of their possessors, yet he ge- 
nerally terms the revenue derived from this capital 
icages. 14 The average and ordinary rates of profit in 
the different employments of stock are/’ he observes, 

“ more nearly on a level than the wages of the different, 
sorts of labour. The difference between the earnings of 
a common labourer and those of a well-employed law yer 
or physician, is evidently much greater than that between 
the ordinary profits in any two different branches of 
trade." Hook i. ch. x. 

According to our nomenclature (and indeed according 
to that of Smith, if the produce of capital is to be termed 
profit) a very small portion of the earnings of the lawyer 
orof the physician can be called wages. Forty pounds 
a year would probably pay all the labour that either of 
them undergoes, iu order to make, we will say, £4000 a 
year. Of tiie remaining £3960, probably £3000 may 
in each ease be considered as rent, as the result of extra- 
ordinary talent or good fortune. The rest is profit on 
their respective cnpitals ; capitals partly consisting of 
knowledge, and of moral and intellectual habits acquired 
by much previous expense and labour, and partly of 
connection and reputation acquired during years of pro- 
bation while their fees were inadequate to their support. 

Under this view of the cuse the revenue which con- 
sists of profit will in the progress of improvement bear 
a constantly increasing proportion to that which consists 
of wages. There appears no reason to doubt that, as 
civilization ad\unces, every person will receive an edu- 
cation which will mater ially increase his power of pro- 
duction. Hrutes aud machinery can effect almost every 
thing that is to be effected by mere bodily exertion. 

Whatever requires mind, will be donte better in propor- 
tion as the mind has received earlier or more judicious 
cultivation. We have heard it made a subject of com- 
plaint, that the uneducated Irish 4 have dispossessed the 
English of the lowest employments in London and its 
neighbourhood. We rather rejoice that the English are 
sufficiently educated to be fit for bettor things. If they 
had remained us ignorant as their rival's, many who are 
now earning 40 s. a week as mechanics, might have been 
breaking stones and carrying hods at 2s. a day. Even 
in our present state of civilization, which, high 
as it appears by comparison, is fur short of what 
may easily be conceived, or even of what may 
confidently be expected, the intellectual and moral capital 
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of Great Britain far exceeds all her material capital, not 
only in importance, but even in productiveness. The 
fumilies that receive mere wages probably Ho not form u 
fourth of the community; and the comparatively large 
amount of the wages even of these is principally owing to 
the capital am! skill with which their efforts are assisted and 
directed hy the more educated members of the society. 
Those who receive mere rent, even using that word in its 
largest sense, arc still iewer : and the amount of rent, like 
that of wages, principally depends on the knowledge by 
which the gifts of nature are directed and employed. The 
bulk of the nutional revenue is profit; and of that profit 
the portion which is mere interest on material capital pro- 
bably does not amount to one-third. The rest is the result 
of personal capital, or, in other words, of education. 

It is not on the accidents of soil or climate, or on the 
existing accumulation of the material instillments of 
production, hut on the quantity and the diffusion of this 
immaterial capital, that the wealth of a Country depends. 
The climate, the soil, und the situation of Ireland have 
been described as superior, and certainly are not much 
inferior, to our own. Her poverty has been attributed to 
the want of n^terial capital; but were Ireland now to 
exchange her native population for seven millions of our 
English North Countrymen, they would quickly create 
the capital that is wanted. And were England, North of 
Trent, to bt* peopled exclusively by a million of families 
from the West of Ireland, Lancashire and Yorkshire 
would still more rapidly resemble Connaught. Ireland 
is physically poor because she is morally and intellec- 
tually poor, because .she is morally and intellectually 
uneducated. Ami while she continues uneducated, 
while the ignorance and violence of her population 
render persons and property insecure, and prevent the 
accumulation and prohibit the introduction of capital, 
legislative measures, intended solely and directly to re- 
lieve her poverty, may not indeed be ineffectual, for they 
may aggravate the disease, the symptoms of which they 
are meant to palliate, but undoubtedly will be productive 
of no permanent benefit. Knowledge has been called 
power; it is far more certainly wealth. Asia Minor, 
Syria, Egypt, and the Northern coast of Africa, were 
once among the richest, and are now among the most 
miserable Countries in the world, simply because they 
have fallen into the bunds of a people without a suffi- 
ciency of the immaterial sources of weulth to keep up 
the material ones. “ In what way/' asks Adam Smith, 

has Europe contributed to the grandeur of the colo- 
nies of America? In one way, und in one way only, 
she has contributed a great deal. Magna virum mater . 
She bred uud formed the men who were capable of 
achieving such great actions, and of laying the founda- 
tion of so great an empire ; and there is no other quar- 
ter of the world of which the policy is capable of form- 
ing, or has ever actually and in fact formed such men. 
The colonics owe to Europe the education and great 
views of their active and enterprising founders, and 
some of the greatest and most imporlant # of them owe 
to her scarce any thing else.’ 1 % 

Proportionate Amount of Refit. 

We have ulready defined rent to be the revenue 
spontaneously offered by nature or accident, or, in other 
words, to be the price paid for the assistance of an ap- 
propriated natural agent It might with equal propriety 
be defined the surplus produce arising from the use of 
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an appropriated natural agent, or the amount by which Political 
tlie price ol the produce of an appropriated natural Economy, 
agent exceeds the costs of its production. » ^ 

The nature and the progress of the rent of land have Distribu- 
usuaily been illustrated by supposing lands of different tioa * 
fertility to be successively taken into cultivation. Thus ^ t - opo r tlon * 
the land No. 1 is supposed to afford, in return for the profit/! and 
application of a given amount of labour and capital, wages, 
one hundred quarters; No 2, ninety quarters ; No. 3, Rt * ut - 
eighty quarters; No. 4, seventy quarters ; No. 5, sixty 
quarters ; and so on. While any portion of the most 
fertile lands is unappropriated, No. 1 only is cultivated, 
and no rent is paid. Before it has become necessary to 
cultivate No. 2, No. I must have become an appropriated 
agent, affording a larger return than can be obtained 
without its assistance. Its owner, or, as he is termed, 
the landlord, obtains, therefore, the value of that assist- 
ance, being ten quarters, or the difference between 
one hundred quarters and ninety quarters; and re- 
ceives it himself, in kind, if he himself is the cultivator, 
or is paid for it the remuneration termed “ rent,” if he 
allows another person to be the cultivator. Before it 
has become necessary to cultivate No. 3, the rent of 
No. 1 must have risen from ten quarters to twenty, and 
No. 2, from giving no rent, must have given a rent of ten 
quarters; and so on until the point is reached at which 
the labour and capital employed will produce a return 
only sufficient to give a bare subsistence to the la- 
bourer and average profits to the capitalist : the highest 
extreme to which cultivation can he intentionally 
pushed, and one, indeed, beyond which it is seldom 
carried. 

It is obvious, therefore, that the amount of rent 
depends on two causes : 1. the positive productiveness 
of the natural agent by which it is afforded; 2. the com- 
parative productiveness of that agent, or the degree in 
which it exceeds those agents which are universally 
accessible. If the supply of natural agents were un- 
limited, or if their power of affording assistance were to 
cease, in either case rent would be at an end. Rent 
is the value of their assistance, and that value, like all 
others, depends partly on their utility, and partly oti 
their limitation of supply. Much error has arisen from 
attending to only one of these causes. 

Tlie French Economists* perceived that the produce 


* Le laboureur esl le seul Hunt le travail prmhtiise au de/d du 
salaire du travml. // e»t done /* 'unique source de toute riches*?. 

La terre, independamment de tout autre homme el de toute con- 
vention, tut ;iaic immtdiatement te prix de turn travail. La nature ne 
marc hand? point uvec ltd pour f oblujer a *e con tenter du neerssuire 
abso/u . — Ce quelle tlowie nest proportionate ni a ses besoms ni a une 
evaluation convent ionnelle du prix de ses journles. C* ext U ri suit at 
physique de la fertdilc du sot % et de la just esse, bten plus que de la 
difficult C ties moyens, quil a employes pour le rendre fecund. Pit 
que le travail du laboureur prmlwt au de/d de ses besoms, il prut , 
avec or superjlu que la nature lui accortle en pur t Ion, au drtd du 
sa/aire de set peine* , acheler le travail de* autre* members de la 
society. Ceux-n en le lui vendant ne gagnent que leur vie, wait le 
laboureur recueille outre ta subsistence une nchesxr disj/ontbfe ; quil 
ft ’a point achetee , et quit vend. Jl ext done /' unique source des 
richesses , qui , par leur circulation, animent tout let trm aux de la 
sociltc ; parcequil est te seul d>*nt le travail prmbnsse an dcld du 
sa/aire du travail. 

1/ rests done constant quil n’y a de recenu que te prodmt net des 
ferret, et que tout autre profit annuel , ou esl page par te menu, ou 
fait par tie des fratx qui servent a produir* le rerenu .- — iurgot 
vol. v. p. 8 — 9 — 1-6. 

/out ne pomes tromer le meilleur l tat possible d une notion, que 
dans la plus grande richesse possible. J'entmds u i par la terme 
de richesse. une matte de valeurs dispouiblw, de valcurt qu on pi line 
2 c 



186 


POLITICAL ECONOMY, 


Volitiral of fertile land, the most important of all appropriated 
Kcon omy. |, a t llra l agents, sells for a price exceeding the expense of 
Distribu * ts cll ^' vat ' on - This excess of price, or produU net , as 

tion. they termed it, they conceived to be the only source of 

Proportions wealth. All other commodities appeared to them 
of rent, merely to represent the toil employed in their acquisi- 
profit, aud tion. They believed, therefore, a community to be rich 

Kent*" * n P ro P 0,t i° n to the amount of rent received by the 

proprietors of its land; and consequently that produc- 
tion enriches only so far as it is subservient to the 
creation of rent. 

It is impossible that they could have maintained this 
doctrine, if they had perceived thut abundance is an cle- 
ment in wealth, and that high rents and the greatest abun- 
dance are incompatible ; or ifthev had recollected that, ac* 
cording to their views, a community possessing the 
highest skill and exerting the utmost diligence, but scat- 
tered over a territory of unbounded extent and fertility, 
as they might be even unacquainted with the existence of 
such a thing as rent, must be totally without riches, 
must be poor from the mere prodigality of their re- 
sources. 

In the following passage Mr. Ricardo seems to have 
fallen into an opposite error. 

Nothing is more common than to hear of the ad- 
vantages which the land possesses over every other 
source of useful produce, on account of the surplus 
which it yields in the form of rent. Yet, when land is 
most abundant, when most productive, and most fertile, 
it yields no rent ; and it is only when its powers decay, 
and less is yielded in return tor labour, that a share of 
the original produce of the more fertile portions is set 
apart tor rent. It is singular that this quality in the 
land, which should have been noticed as an imperfection, 
compared with the natural agents by which manufac- 
tures are assisted, should have been pointed out as con- 
stituting its peculiar pre-eminence. If air, water, the 
elasticity of steam, and the pressure of the atmosphere, 
were of various qualities, if they could have been appro- 
priated, and each quality existed only in moderate abun- 
dance, they, as well as the land, would afford a rent, as 
the successive qualities were brought into use. With 
every worse quality employed, the value of the commo- 
dities in the mauulacture of which they were used would 
rise, because equal quantities of labour would be less 
productive. Man would do more with the sweat of his 
brow', and nature would perform less ; and the land 
would he no longer pre-eminent for its limited powers. 

“ If the surplus produce which the laud affords in the 
form of rent be nn advantage, it is desirable that every 
year the machinery newly constructed should be less 
efficient than the old, as that would undoubtedly give 


conxnrnnrrr nu grr dr $rn dhirs , (tans s'appnurrir , sans niter rr le 
prinetpr qm Its rrproduit sans erase. 

Le mnUrur {tat possible est £ ndrmment celui a uquel est at t nr hie la 
plus grande turtle ; il connate done duns /« plus grande masse pos- 
sible d* raleurs dinpon titles ; ear cr soni les • rules riant nous puissions 
ton jours jirnr, et sur Irst pie lies la siirrte puvtsr s'Ctahlir. 

Je rotf'lrrjiM turn que men led run donnassrnt a cette verite tontc 
r attention quelle nitrite , je voudrois bien quits suisissent que la 
richesse ne ronsiste que dans les raleurs (littponiblev, quon pent con- 
somme r satis attain inconel- ruent ; par consequent , qu it ny a que le 
prod nit nd drs ruf lures q/ti soil richesse, pareequ il est dans la 
mass* des reprodiu tions, la seute j artir don l nous puissions disposer 
pour nos jo-n xsnnc.es ; fe surplus de cette masse nest pas disponible 
pour nnu j», it appartient a la culture , vest elte qui tous les ans doit le 
consommrr ; nous ne pouvons le lui drrober f que nous n f en soyons 
par t extinction de nos richesses . — fSOrdre Huturcl. See., p, 
379 — 381. r 


a greater exchangeable value to the goods manufac- P«litic«l 
lured, not only by that machinery, but by all other nm- v ^ ol * OTT ^ r l 
chiitery in the Kingdom ; and a rent would be paid to j) istrilm _ 
all those who possessed the most productive machinery. t l()n> 

“The labour of nature is paid not because she does Proportion 
much, but because she does little. In proportion os of vent, 
she becomes niggardly in her gilts, she exacts a greater 1*™^’ 
price for her work. Where she is munificently bene- 
ficent she abvuvs works gratis.’* Principles , p. fi3. 

Mr. Ricardo seems to have forgotten that the quality 
which enables land to afford rent, namely, the power of 
producing the subsistence of more persons than are re- 
quired for its cultivation, is nn advantage without which 
rent could not have existed. As the population of any 
given district becomes more dense, the surplus produce 
of its soil, or, in other words, the ainouut of its produce 
which remains after provision has been made for the 
subsistence of those by whom it is cultivated, has a con- 
stant tendency to increase; either because the increase 
of agricultural skill and capital increases its positive 
fertility, or because n diminution of its relative fertility, 
a diminution of its produce relatively to the num- 
bers of its cultivators, forces the pooler classes to be 
satisfied with a less amount of raw produce ; or from 
both these causes combined. Of those two causes of 
rent, one is a benefit, the other an evil. That we have 
in this Country perhaps a million of acres capable of 
producing, with average labour, foity bushels of corn ail 
acre, is a benefit ; that we have not more than a million 
such acres is on evil. Thai the average amount of what 
an agricultural labourer produces much exceeds what is 
absolutely necessary for the subsistence of an agricul- 
tural family is a benefit. Thut the extent of our fertile 
land, and the amount of our capital, in proportion to our 
population, are not sufficient to enable him to consume, 
directly or indirectly, for bis own advantage and that of 
his family, all that he produces, is nn evil. To produce 
rent, both the benefit and the evil must coexist. The one 
occasions rent to be deinunded; but it is the other which 
enables it to be paid. 

Mr. Ricardo’s attention seems to have been confined 
to the evil. But rent might be enormously increased 
without the increase of that evil, or even though that 
evil should bo diminished. If the proprietor of a single 
estate could by u wish triple its produce, lie would aug- 
ment, in a much greater ratio, its rent. Would this 
increase be owing to the parsimony of nature ? It inny 
be said that it would be owing to the comparative unpro- 
ductiveness of the rest of the Country. it must l>e 
admitted that, if we could suddenly triple the produc- 
tive powers of all the land in this Country, the population 
remaining the same, the whole amount of rent would 
fail, and the condition of all classes, except of thut 
comparatively small class which subsists on the rent 
of land, would be much improved. But if our popu- 
lation were also tripled, rents would be prodigiously 
increased, the situation of the landlords would be im- 
proved, and, that of no other class deteriorated. In 
fact, the condition of all other classes would be im- 
proved, as the increased division of labour and ease of 
communication occasioned by a greater density of popu- 
lation would cheapen and improve our manufactures. 

If the population, instead of being tripled, were only 
doubled, the situation of the Country would be still 
better. The rise in rent, though not equal to what it 
would have been if the population had been tripled, 
would still be very great, and both raw produce and 
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Political manufactures would be more abundant than they were 
Kconnmy. previously. Now this is, in fact, what has occurred in 
England during the last hundred and thirty years. Since 
Disfnbu- ^ ie beginning of the XV II 1th Century the population 

Proportions °* England has about doubled. The produce of the land 

of rent, has certainly tripled, probably quadrupled. Rent has 

profit, and risen in a still greater proportion ; hut that rise has been 
*ugesi. accompanied by a rise of wages, estimated in every ccun- 

Kcut ’ modi I y consumed by the labourers, excepting a few, such 

as spirituous and fermented liquors, which have been 
made the subject of special taxation. With the same 
labour the labourer can obtain more corn, and perhaps 
five times as much of the most useful manufactures. 
Can it he fairly said that rents have risen because nature 
has done little? that the price paid for her assistance 
has been increased because she bus become inure nig- 
gardly in her gifts? It is true that, if the productive- 
ness of the land, instead of being tripled, had been cen- 
tupled, rents might not have risen ; but it is equally 
true that they would not have risen if, instead of being 
tripled, it had remained stationary. The condition essen- 
tial to the payment of the labour of nature is not, as 
Mr. Ricardo states it, that her assistance shall be little, 
but that it shall not hr infinite. 

As rent arises from l he agency not of man, but of 
nature, its amount does not depend on the will or the 
exertions of its recipient. The owner of the land, or of 
the natural agent, whatever it be, tor the use of which 
persons are willing to pay rent, receives the sum which 
their mutual competition turves them to give. As it is 
all pore gain, he accept is the largest sum that is offered, 
however irifiing its amount. Nor, on the other hand, 
does the amount of rent depend on the will or the exer- 
tions of those who pay it. Whatever be the value of the 
services of an appropriated natural agent, that value 
must he paid by the person who wishes to use them, as 
both parties to I he bargain are aware, that if it is 
not hired by one applicant it will be by another. The 
amount, therefore, is subject to no general rule; it lias 
neither a minimum nor a maximum. It depends on the 
degice in which nature has endowed ceitain instruments 
with peculiar productive powers, and the number of iht.se 
instruments compared with the number and wealth of 
the persons able and willing to hire them. There is, 
probublv, now land near New York selling for £1000 an 
acre, which a century ago could have been obtained for 
a dollar. 

Proportionate Amounts of Profit and fFagc*. 

Proportions Profits and wages differ in almost all respects from 
of profit rent. They are each subject to a minimum and a 
ami wages, maximum. They are subject to a minimum, hecuuse 
each of them is the result of a sacrifice. It may be 
difficult to say what is the minimum with respect to 
profit, but it is clear that every capitalist, as a motive 
to abstain from the immediate and unproductive enjoy- 
ment of his capital, must require some ^enumeration 
exceeding the lowest that is conceivable. The mini mum 
at which wages can he permanently fixed is of course 
the sum necessary to enable the existing labouring popu- 
lation to subsist. On the other hand, as the rate of 
wages depends in a great measure on the number 
of labourers, and the rate of profit on tlie amount of 
capital, both high wages and high profits have a tend 
ency to produce their own diminution. High wuges, 
by stimulating an increase of population, and there- 
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fore an increase of the number of labourers, and high Political 
profits, by occasioning an increase of capital. It will Economy* 
be seen in a future portion of 'this Treatise that, it the 
amount of capital employed in the payment of wages nun* - 
increases, the number of labourers remaining the same, Proportions 
profits will fall; and that if the number of labourers »f P^t 
increase*, the amount of capital and the productiveness ttnd wa K« 9 - 
of labour remaining the same, wages will fall ; and thut, 
if they both increase in equal proportions, both will have 
a tendency to fall, in consequence of the lunger propor- 
tion which they will each bear to the power oi tlie natural 
agents whose service* they each recpiiie. And although 
it may not be eusy to fix the maximum of either wages 
or profits, yet it may be laid down generally, that in no 
Country have profit* continued for any considerable period 
at the average rate of fifty per cent, per annum, or wages 
at such a rate as to afford the labourer ten times the 
amount necessary for the subsistence of a family. 

Adam .^iiiilii has laid down, that “ the whole of the 
advantages and disadvantages of the different employ- 
ments of labour and capital iiiu*t, in the same neigh- 
bourhood, be either perfectly equal or continually tend- 
ing to equality. If in the same m ighbourhood there 
was any employment evidently either more or less ad- 
vantageous than the rest, so many people would crowd 
into it in the one case, and so many would desert it in 
the other, that its advantages would soon return to the 
level of other employments. This at least would be the 
case in a society wlure things were left to lake Wieir 
natural course, where there was perfect liberty, and 
every man was perfectly free both tu choose what occu- 
pation he thought pro|>cr v anil to change it as often as 
he thought proper. Every man's interest would prompt 
him to seek the advantageous and to shun the disadvan- 
tageous employ me ut. ,v Wtalih of Nation *, book i. 
ch. x. 

Tlie truth of the**e remarks of Adam Smith is ob- 
vious. It is obvious also that, iu the uhsem-e of d.s- 
turbing causes, the desire of obtaining a more advan- 
tageous field for the employment of his mental and 
bodily faculties, which leads a man to move horn one 
part of the same iieighhoiuhood to another, would lead 
him from village to village and horn ( oiintry to 
Country. For commercial purposes, the whole civilized 
world is one extended neighbourhood ; ami the same 
causes which fend to equalize prof Is hi Liverpool and 
Loudon tend to equalize them in London and Calcutta. 

Ilut when we look into the details, we are struck by the 
difference iu the remuneration of prisons apparently un- 
dergoing equal toils, and exercising equal abstiner.ee. 

We find a general exempt from more than half the hard- 
ships of a private, and receiving more than a hundred 
times his pay. W> find barristers making £ 10,000 or 
£15,000 a year, while a copying clerk is paid lor labour 
as assiduous and more irksome by only £l00. We 
find the purchaser of an Exchequer-bill willing to pay 
a large premium for the privilege of advancing capital 
at a profit of three per cent, per annum, while a shop- 
keeper thinks himself ill paid by less than twenty per 
cent. We find a London tanker satisfied with a profit 
of seven per cent., while his partner in Calcutta requires 
fifteen. 

These differences are partly real and partly apparent. 

So &r as they are real, they are occasioned partly hy the 
influence of the different instruments of production, or, 
in other word*, the different sources of* revenue, on one 
another; the influence, for instance, of tlie rate of profits on 
2 c 2 
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the amount of wages, mid of the amount of wages on the 
rate of profits; partly by the greater or less severity of the 
sacrifices which the labourer and the capitalist must 
make in addition to the undergoing mere toil or absti- 
nence ; and partly by the difficulty with which capital und 
labour are transferred from one emplownent to another. 
A difficulty caused partly by physical obstacles and 
partly by human habits and institutions. The influence 
of these causes on the average rates of wages and 
of profits in the same Country, in different employ- 
ments of labour and capital, we shall consider here- 
after; and having assumed for the purposes of the 
following discussion that a certain average rale of wages 
and a certain average rate of profit exists, we shall now 
endeavour to explain the causes by which these average 
rates are determined, or, in other words, to explain the 
circumstances which decide what , at a given time and in 
a given place , shall be the average rate of wages and the 
average rate of profit. We have already stated as one 
of the principal sources of difficulty in Political Economy 
the mutual dependence of its different propositions. A 
dependence which, as it respects the theory of wages and 
profits, is so great that it is impossible to give a com- 
plete view of the causes which affect the one without ad- 
verting to all those which affect the other. We shall 
endeavour to keep them as distinct as we can, and we 
shall begin by wages, as that subject is capable of being 
separately considered to the greatest extent. 

Average Rate of IV a get. 

We have already defined wages to be the remunera- 
tion received by the labourer in recompense for having 
exerted his faculties of mind and body. They are said 
to be high or low , in proportion to the extent of that 
remuneration. That extent has been estimated by 
three dilferent measures; and the words high and low w ages 
have, consequently, been used in three different senses. 

First. Wages have been termed high or low, accord- 
ing to the amount of money earned by the labourer 
within a given period, without any reference to the 
commodities which that money would purchase ; as 
when we say that wages have risen in England since 
the reign of Henry V II. , because the labourer now 
receives Is. 6d. or 2s. a day, and then received only 4 \d. 

Secondly. They have been termed high or low, ac- 
cording to the quantity and quality of the commodities 
obtained by the labourer, without any reference to his 
receipts in money ; as when we say that wages have 
fallen in England since the reign of Henry VII., because 
the labourer then earned two pecks of wheat a day, and 
now earns only one. 

Thirdly. They have been termed high or low, ac- 
cording to the share or proportion which the labourer 
receives of the produce of his own labour, without any 
reference to the total amount of that produce. 

The firsi nomenclature, that which measures wages 
simply by their amount in money, is the popular one. 
The second, that which considers wages simply with 
reference to the quantity and quality of the commodities 
received by the labourer, or, to speak more correctly, 
purchasable with his money wages, was that, generally 
adopted hy Adam Smith. The third, that which con- 
siders wages as high or low, simply with reference to the 
labourer's share or proportion of what he produces, was 
introduced by Mr. Ricardo, and has been continued by 
nianj of his followers. 


This last use of the words high and low wages has Political 
alwuys appeared to us one of the most unfortunate of copony* 
Mr. Ricardo’s many innovations in the language of jjjrtribu- 
Political Economy. In the first place, it has a tendency tion. 
to withdraw our attention, even when we are considering Rate of 
the subject of wages, from the facts which most in- 
fluence the labourer’s condition. To ascertain whether 
his wages are high or low, we are desired to inquire, not J A 1 
whether he is ill or well paid, — not whether he is well A/m*. 
or ill fed, or clothed, or lodged, or warmed, hilt simply 
what proportion of what he produces comes to his 
share. During the last four or five years many a 
bund- weaver has received only 8s. 3d. tor producing, 
hy a fortnight’s exertion, a web that the capitalist has 
sold for S*. 4 d. A coal-merchant often puys his men 
£2 a week, and charges his employers for their services 
£2 10s, But, according to Mr. Ricardo’s nomencla- 
ture, the wages of the weaver, at 4.s*. Hd. a wei'k, are 
much higher than those of the coalbeaver at £2, since 
the weaver receives 99 per cent, of the value of his 
labour, while the coalbeaver has only SO per cent. 

And, even if the nomenclature in question were free 
from this objection, even if the point onwhioh it endeavours 
to fix the attention were the most important, instead of 
being the least important, incident to wages, it still would 
be inconvenient from its tendency to render the writer 
who employs it both inconsistent and obscure. It is al- 
most impossible to affix to terms of familiar use a per- 
fectly new meaning, and not from time to time to slide 
into the old one. When Mr. Ricardo says that “ no- 
thing can affect profits but a rise of wages,” p. 1 18; that 
“ whatever raises the wages of labour lowers the profits 
of stock,” p. 231 ; that ,l high wages invariably aflect 
tile employers of labour by depriving them of a portion 
ot their real profits,” p. 129; that “as the wages of 
labour fall the profits of stock rise,” p. 499; he means 
by high wages, not a large amount , but a large propor- 
tion. Hut when he speaks of the “ encouragement 
which high wages give to the increase of population/’ 
p. 88 — 361, he means hy high wages a large amount. 

And many of his followers and opponents have supposed 
the words high and low to be used by linn as indicative 
of quantity, not proportion. The consequence has been 
that, since the publication of his great Work, an opinion 
has prevailed that high wages ami high profits are in- 
compatible, and that whatever is taken from the one is 
added to the other. The slightest attempt to try this 
theory by an actual example will show its absurdity. 

The usual supposition is, that the capitalist, at an ave- 
rage, advances the wages of his labourers for one year, 
and receives, after deducting rent, one-tenth of the value 
of what they produce. We are inclined to think that 
in England the average rate of profit fa rather greater, 
and the average period of advance rather less. After 
making many inquiries on these subjects in Manchester, 
we [found the general opinion to be, that the manufac- 
turing capitalist turns his capital, at an average, twice in 
the year, and Receives on euch operation a profit of 5 per 
cent. ; and that the shopkeeper, at an average, turns his 
capital four times in a year, and receives on each opera- 
tion a profit of about 3£ per cent. On these data the 
labourer’s share would, of course, be much greater 
than according to the ordinary estimate. We will 
suppose, however, that estimate to be correct, and 
that, after rent has been deducted, the labourer receives, 
on an average, nine-tenths of the value of what he pro- 
duces. Under these circumstances a rise in the amount 
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Political 0 f w a ge S amounting- to one-tenth, or from 10*. to 11*. 

N ^ copoin y; a week, if that rise is to he deducted front the capitalist's 
Distribu- share, would utterly destroy all profit whatever. A rise 
tiun. of one-fifth, or from 10*. to 1*2*. a week, would occasion 
Meanings to the capitalist a loss equal to the whole amount of his 
of the word# former profit. A full in wages of one-tenth would double 
Mgh and p ro fits ; a fall of one-fifth would treble them. Now we 
know that general variations in the amount of wages to 
the amouut of one-tenth or one-fifth, or to a greater ex- 
tent, are not of unfrequent occurrence. Yet who ever 
heard of their producing such an effect on profits ? 

And yet this doctrine has received the sanction both 
of theoretic and practical men. Mr. Francis Place is 
asked by the Committee on Artisans and Machinery 
(First Report, p. 46,*) “ Do not the masters in conse- 
quence of a rise of wages raise their prices?" — “ No," he 
answers ; 44 1 believe there is no principle of Political Eco- 
nomy better established than this of wages ; increase of 
wages must come from profits.** 

Did Mr. Place ever apply this doctrine when his men 
asked for higher wages on a general mourning? Even 
the Committee appear to have taken this view of the 
question. The* subject is so important, that we will 
venture to extract the following passage from the Report 
made in the following Session : — 

44 Those eminent persons who, during the last fifty 
years, have reduced the rules that govern the operations 
of trade and industry to a Science, undertake to show, 
by arguments and facts, thut the effect of low wages is 
not a low price of the commodity to which they are ap- 
plied, but the ruising of the average rate of profits in 
the Country in which they exist. The explanation of 
this proposition occupies u large portion of the justly- 
celebrated work of the late Mr. Ricardo, on the Principles 
of Political Economy ; and is also ably set forth in the 
following evidence of Mr. M'Culloeh, to which your 
Committee particularly desire to draw the attention of 
the House : 

“ 4 Have you turned your attention to the effect of 
fiiictuutious in the rate of wages oil the price of commo- 
dities ?' — 4 I have.* 

“ 4 Do yon consider that when wages rise the price 
of commodities will proportionally increase?’ — * I do not 
think that a real rise of wages has any effect whatever, or 
but a very imperceptible one, on the price of commodities.* 

“ ‘Then, supposing wages to be really lower in France 
than in this Country, do you think that that circumstance 
would gi\e the French any advantage over us in the 
foreign market ?* — 4 No, I do not ; I do not think it would 
give them any advantage whatever, i think it would 
occasion a different distribution of the produce of industry 
in France from what would obtuin in England, but thut 
would be all. In France the labourers would get a less 
proportion of the produce of industry, and the capitalists 
a larger proportion.’ 

“ * Could not the French manufacturer, if he gets his 
labour for less than the English manufacturer, afford to 
sell his goods for less '?* — 1 As the value of gpods is made 
up wholly of labour and profit, the whole and only effect 
of a French manufacturer getting his labour for less than 
an English manufacturer is to enable him to make more 
profit than the English manufacturer can make, but not 
to lower the price of his goods. The low rate of wages 
In France goes to establish a high rate of profits in all 
branches of industry in France.* 


Economy. 

° 4 What conclusion do you come to in making a com- Political 
parison between wages in England and i/Jag es i n ^“omy- 
France ?* — 4 1 come to this conclusion, that, if it he true 
that wages are really higher in England than in France, tion 
the only effect of that would be to lower the profits of Meanings 
capital in England below their level in France, but that the words 
will have no effect whatever on the price of the commo- h ' !,h ttDd 
dities produced in either Country.* /<m ’* 

“‘When you say that wages do not affect prices, 
what is it that does affect prices ?' — 4 An increase'or dimi- 
nution of the quantity of labour necessary to the produc- 
tion of the commodity.* 

“ 4 Supposing that there was a free export of ma- 
chinery, so that France could get that machinery, do 
you think that under those circumstances wc should 
retain those advantages which we possess at the present 
moment ?’ — 4 Yes, we should ; for »he export of the ma- 
chinery would not lower our wages, or increase the 
wages in France, so that we should preserve that ad- 
vantage to the full extent that wc have it at this moment.* 

44 ‘ Will you explain to the Committee why you are c.f 
opinion that the French manufacturer would not under- 
sell the English, seeing that his profits are larger than 
the English manufacturer?* — 4 Because, if he were to offer 
to undersell the English, he can only do it by consent- 
ing to accept a less rate of profit on his capital than the 
other French capitalists are making on theirs, and I 
cannot suppose a man of common sense would act upon 
such a principle.* 

14 4 Are the Committee to understand, that although a 
French manufacturer pays half the wages to his men in 
France which our manufacturers do in England, yet 
that his wages being on a par, or a level, in general, 
with the other wages in France, will render his profits 
on a par with them, and consequently he would not 
undersell the English merchant by lowering his profits 
below the average rate of profits in France V* — 4 Precisely 
so. I believe, in point of fact, there is no such dif- 
ference ; but he could not undersell the English manu- 
facturer unless he took lower profits than all other pro- 
ducers in France were making. I might illustrate this 
by what takes place every day in England, where you 
never find the proprietor of rich land, in order to get 
rid of his produce, offering it in Mark-lane at a lower 
rate than that which is got by a farmer or proprietor of 
the very worst laud in the Kingdom.* 

11 4 Would it not produce a larger sale if the French 
manufacturer were to sell at a less price?’— 4 Supposing 
that to be so, the greater the sale the greater would be 
the loss of profit.* "* 

We have extracted this passage as indicating the views 
of the Commiltee, not those of Mr. M'Culloeh. Mr. 
M 4 Culloch, as will appear on turning to his evidence, 
meant by wages really high and really low , not a larger 
or a smaller amount, but a larger or a smaller proportion. 

But the Committee appear to have understood him to 
mean a larger or a smaller amount. 

Mr. Bradbury had previously stated the common day 
wages in France to be about half the wages paid in 
England. 

He was asked, 44 Tn what way do you consider that 
lower wages in France give the French manufacturers 
on advantage over English manufacturers ?’* — " I con- 
ceive that if they pay 3d. a pound for spinning to the 


• Report from Select Committee on Export of Tools and Ma- 
chinery. Session of 18-5, p. Id, I t. 


* Session of 1821. 
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r Political operative spinner, and we pay 6d., that would give them 
Kconomy. an advantage of 3d. a pound in the cost.” 

“ You mean to say timt the French would be able to 
Distribu- sell the article they make, in consequence of paying 
Meanings l° wer wages, cheaper tlmn the English could sell it?” — 
of (he words “ They could atford it 3d. a pound cheaper/* 
high and “ You mean to say that* according to the rate of wages 
tou ' paid, the price of the article for which they are paid is 

high or low ?” — “ It inay be afforded higher or lower, 
1 should imagine, as the cost be more or less/* 

“ Therefore the whole reason and ground on which 
you think that low wages give them an advantage is, 
that low wages contribute to enable them to sell the 
article cheaper than if they paid higher wages?” — 

Yes, labour constituting a niuteriul feature in the 
cost ” 

" You conceive that increased cost would be a loss to 
the party, if the'price was not increased in proportion V* 
— “ L should imagine so/' 

“ Might not the profits of the proprietor be lessened ?'* — 
“ They 7 night be Lessened , which is in effect a loss 

“ Might not that enable, him to bear the fcw whwh the 
difference of wages produces ?** * — “ If he chose to make 
that sacrifice /’ 

Might not the profits be lessened until there 
were no profits at all 1 ”t — H Very easily, I should 
think.” — (Filth Report of the Select Committee on 
Artisans and Machinery, p. 547, 549, 550.) 

It was with reference to this evidence that Mr. M‘Cul- 
loch was examined, llis examination commences thus: 

“ Have you read the evidence which has been given 
before this Committee /” — “I have read portions of it 
only/* 

“ Have you read the evidence given by Mr. Brad- 
bury ?” — “ A part of it.” 

11 That part in which he conceives that foreigners 
have an advantage over the English manufacturers in 
consequence of wages being lower in France?” — ■“ Yes, 
I have read that.” 

And then follows the question : 

u Have you turned your attention to the effect of fluc- 
tuations in the rate of wages oil the price of commo- 
dities?” 

Mow if the Committee understood Mr. M‘Culloch to 
mean, by high or low wages, not a great or small 
amount, but a great or small proportion, his evidence 
and that of Mr. Bradbury had nothing in common. 

The whole of the confusion has been occasioned by 
the verbal ambiguity which we have pointed out, and 
would not have arisen if Mr. Ricardo had used any 
other adjectives than high and low to express a larger or 
smaller proportion. 

The two other meanings of the words high and low 

* In other words, “ Might not the lose enable him to bear the 
Jobs V' 

f This question appears to ha\e come from a different interro- 
gator. In j'lsiire to the clear and intelligent evidence of Mr. Brad- 
bury, we bliould observe that he was far troiu tailing into the com- 
mon error, that a geneially high rate of wugts can be unfavourable 
to a Country. He set out by supposing that, with the assistance 
of Kuglish machinery and English superintendent*, the lulxiur of 
the French spinner* might be a* productive as that of the English 
spurn* r«„ Under such circumstance*, if their wages could remain 
at one-half of English wages, he believed that the French nuum. 
fadurer could undersell the English manufacturer. Of the accu- 
racy of this opinion uiub-r the |>o*sible, though highly improbable 
hypothesis in- question, we entertain no doubt, though, from the 
tenour of the question*, it appear* sot to have met with the appro- 
bation of the Committee. 


wages, that which refers to the money, and that which IMitieil 
refers to the commodities, received by the labourer, are . r °°° in ^ " 
both equally convenient, if we consider the rate of wages 
at the same time and place; for then they both mean tion. 
the same thing. At the same time and place the la- Rate of 
bourer who receives the highest wages necessarily wagon, 
obtains the most commodities. But when we refer to ^he wSdi 
different places, or different times, the words high or ^Aund 
low wages direct the attention to very different subjects, / ou ,. 
as we understand them to mean more or less in money, 
or more or less in commodities. The differences which 
have taken pluce in the amount of money wages at dif- 
ferent times inform us of scarcely uny thing but the 
abundance or scarcity of the precious metals at those 
times: facts which are seldom of much importance. 

The differences in the amount of money wages in dif- 
ferent places at the same tune are of much more im- 
portance, since they indicate the different values of the 
labour of different Countries ill the general market of the 
world. But even these differences afford no premises 
from which the positive condition of the labouring 
classes, in any Country, can be inferred, and hut imper- 
fect grounds for estimating their relative, icoudition. The 
only duta which enable us to ascertain the actual situa- 
tion of the labourers at uny given time and place, or 
their comparative situation at different times and places, 
are the quantity and quality of the commodities winch 
form their wages, if paid in kind, or are pm chasuble 
with their wages, if paid in money. And as the actual 
or comparative .sit on lion ot the labourer is the principal 
object of the following inquiry, ive shall use the word 
wages to express, not the money, but the commodities, 
which the lalxjurer receives; and we shall consider 
wages to rise as the quantity or quality of those com- 
modities is increased or improved, and to tall as that 
quantity or quality is diminished or deteriorated. 

It is obvious, too, that the labourer's situation docs 
not depend on the amount which lie receives at any one 
time, hut «»n his average receipts dining a given period — 
during a week, a month, or a year ; and that the longer 
the period taken, the more accurate will be the e^timaie. 

Weekly wages Imve, of course, more tendency to equality 
than daily ones, and annual than monthly ; and. if we 
could ascertain the amount earned by a man during five, 
or ten, or twenty years, we should know his situation 
better than if we cuutined our attention to a single year. 

There is, however, so much difficulty in ascertaining the 
amount of wages during very long periods, thal a 
single year will probably be the best that we cun take. 

It comprehends what, in most climates, are very different, 
summer and winter wages ; it comprehends also th€ 
period during which the most important vegetable pro- 
ductions come to maturity in temperate climates, and on 
that account has generally been adopted by Political 
Economists as the average period for which capital is 
supposed to be advanced. 

We should observe that we include, as part of the 
wages of the jn&tfied labourer, those of his wife and un- 
cinancipated children. To omit them would lead to in- 
accurate estimates of the comparative situation of the 
labourers in different Countries, or in different occupa- 
tions. In those employment* which are carried on 
under shelter, and with the assistance of that machinery 
which affords power, and requires human aid only for 
its direction, the industry of a woman, or a child* 
approaches in efficiency that of a full-grown man. A 
girl of fourteen can manage a powei-loorn nearly as 



POLITICAL ECONOMY. 


191 


Political well as her father ; but where strength, or exposure to 
Kconomy. scions, is required, little can be done by the wife, 
or the girls, or even by the boys, until they approach the 
tioii U " a # e a * w ^' c ^ they tisuully nit their father’s house. 
Kateof The earnings of the wife and children of many a Man- 
wagea. Chester weaver or spinner exceed, or equal, those of 
Meanings himself. Those of the wife and children of an agricul- 
tura ^ ^ a ^ ,0l,rer » or a carpenter, or a coal heaver, are 
low, generally unimportant — while the husbands, in each 

case, receives 1 5*. a week, the weekly income of the one 
family inay be 40i., and that of the other only 17s. 
or 18*. 

It must be admitted, however, that the workman 
does not retain the whole of this apparent pecuniary 
advantage. The wife is taken from her household la- 
bours, and a part of the increased wages is employed 
in purchasing what might, otherwise, be produced at 
home. The evils to the children are still greater. The 
infants sutler from the want of maternal attentiou, and 
those who are older from fatigue and confinement, from 
the want of childish relaxation and amusement, and, 
what i* far more important, from the deficiency of reli- 
gious, moral, atyl intellectual education. The establish- 
ment of infant, and Sunday schools, mid laws regulating 
the number of hours during which children may labour, 
ure palliatives of these evils, but they must exist, to a 
certain degree, whenever the labour of the wife and 
children is the subject of sale; and, though not, all of 
them, perhaps, strictly within the province of Political 
Kconomy, must never be omitted in any estimate of 
the causes ailed ing the welfare of the labouring classes. 

The last preliminary point to which we have to call 
the render’s attention is, the difference betwecu the 
amount of tract's and the price of labour , or, in other 
words, between the earnings of a labourer during a 
given time and the price paid for the performance of a 
given quuutitx of work. 

If men were the only labourers, and if every man 
worked equally hard, and for the same number of hours, 
during the year, these two expressions would be syno- 
nymous. If each man, for instance, worked three 
hundred days during each year, and ten hours during 
each day. one three-thousandth part of each man's 
yearly wages would be the price of an hour's labour. 
Hut neither of these propositions is true. The yearly 
wages of a family often include, as we have Seen, the 
results of the labour of the wite and children. And few 
tilings are less uniform than the number of working 
days during the year, or of working hours during the 
day, or the degree of exertion undergone during those 
hours. 

The established annual holidays in Protestant Coun- 
tries are between fifty and sixty, in many Catholic 
Countries they exceed one hundred. Among the Hin- 
doos they are said to occupy nearly half the year, But 
these holidays are confined to a certain portion of the 
population; the labour of a sailor, or a soldier, ora 
menial servaut, admits of scarcely auy distinction of days. 

Again, in Northern and Southern latitudes, the hours 
of out-door labour are limited by the duration of light ; 
ami in all climates by the weather. When the labourer 
works under shelter, the daily hours of labour may be uni- 
form throughout the year. And, independently of natural 
causes, the daily hours of labour vary in different Coun- 
tries, and in diftetent employments iu the same Country. 
The daily hours of labour are, perhaps, longer in 
France than in England, and certainly are longer in 


England than in Hindustan. In Manchester the manu- Political 

facturcr generally works twelve hours a day ; in Bir- 
mingham, ten : a London shopman is seldom employed 
more than eight or nine. * ^stribu* 

There is still more discrepancy between the exertions itate of 
made by different labourers in a given period. They wage*, 
are often, indeed, unsusceptible of comparison. There ^ ,fferen ce 
is no common measure of the toils undergone by a amount X* 
miner and a tailor, or of those of a shopman and an iron- wages and 
founder. And labour which is the same in kmd may thi> price of 
vary indefinitely both in intensity and in productiveness. Lbour. 
Many of the witnesses examined by the Committee on 
Artisans and Machinery (Session of IS^4) were English 
manufacturers, who had worked in France. They agree 
as to the comparative indolence and inefficiency of the 
French labourer, even during his hours of employment. 

One of the witnesses, Adam Young, had been two 
years in one of the best manufactories in Alsace. He is 
asked, “ Did you find the spinners there us industrious 
as the spinners in England?" and replies, “No; a 
spinner in England will do twice as much as a French- 
man. They get up at four in the morning, and work 
till ten at night ; but our spinners will do as much iu six 
hours us they will in ten.*’ 

" Had you any Frenchmen employed under you?” — 
tfc Yes; eight, at two francs a day.” 

“ What bad you a day i " — “ Twelve francs ” 

“ Supposing you bad had eight English carders under 
you how much more work could you have done/” — 

“ With one Englishman I could have done more than I 
did with tho«e eight Frenchmen. It cannot be called work 
they do: it is only looking at it, anil wishing it done.” 

“ Do the French make their yarn at a greater 
expense? ” — “ Yes ; though they have their hands for 
much less wages than in England." — pp. 5^0, 58:£. 

The following evidence of Edwin Rose, given on the 
Factory Inquiry of IS33, relates to a rather later period, 
and is valuable from the extensive experience of the 
witness. 

“ Are wages lower in France, as far as you have seen, 
than in England?” — “If l have a shop of men in 
England for any thing, then I have to see how much 
1 have to pay them for the work they turn out of any 
kind ; but if J have the same shop in France, then I 
must have twice the number of hands to do the same 
amount of work. It is true I pay them less apiece 
there; but I have seen that you must have twice as 
large a building to contain the bands, twice as many 
clerks and book-keepers, and overlookers to look idler 
them, and twice as many tools to do the same quantity 
of work as is done here in England ; and the master 
there must have twice as much interest of money cm all 
this ; and their minds seem to me to get more bewildered 
with stress of work there than here. It seems to me 
that you have double the number of people there to do 
the same amount of work, whatever it be ; but their 
wages are lower in money.” 

“ But do you consider their wages higher in reality 
— M I really do; they are better paid in proportion to the 
work they turn out than what the English are.” 

4 ‘ What do you think of French workmen, as work- 
men ?” — “ I don't think they have that pcisevenmce that 
English have. I often have noticed them trying a thing, 
and then, if it don’t answer at first, they seem terrified 
and shrug up their shoulders, and throw it aside; but an 
English workman keeps trying and trying, and won t 
give up near so soon as the Frenchman. A house* 
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Political joiner or carpenter's wages are from thirty-five to forty 
K cou imiy. sous ( j a> . a |jj s wor |. compared with English work is 
Ilistribu- vei y ri, ugii, and hut little of it in comparison. A stone- 
tion. mason's wages are from three francs to four francs. 
Kate of They are interior to our masons in laying foundations, 
wages. Then, as to time of work, J think two English masons 

tetweeuthe ’ U l,ie sall,e ti,ne inorc wor ^ 011 aU avera g® than 
amount of three of theirs." 

wa^i acil 41 In short, do you know any single species of labour 
the price of that stands a master cheaper in France thun in Eng- 
labour. j anc ^ q Ua ]|ty ail( ] quantity of work being considered ?” — 
“ I don’t know any, unless it be tailors and shoemakers’ 
wages ; ami I am not sure about them. Clothes are 
dearer in France than iri England; but shoes are 
cheaper, the duty being off leather.” First Report of 
the Factory Commission , D. i. p. 121. 

Even in the same Country, and in the same employ- 
ments, similar inequalities are constantly observed. 
Every one is aware that much more exertion is under- 
gone by the labourer by task-work than by the day-la- 
bourer; by the independent day-labourer than by the 
pauper; and even by the pauper than by the convict. 

It is obvious that the rate of wages is less likely to be 
uniform than the price of labour, as the amount of 
wages will be affected, in the first place, by any varia- 
tions in the price, and, in the second place, by any vari- 
ations in the amount, of the labour exerted. 

In England the average annual wages of labour 
are three times as high as they arc in Ireland ; but as 
the labourer in Ireland is said not to do more than one- 
third of what is done by the labourer in England, the 
price of labour may, in both Countries, be about equal. 
In England ihe labourer by task-woik earns much more 
thau the day-labourer ; but, as it is certainly as profitable 
to employ him, the price of his labour cannot be higher. 
It may be supposed, indeed, that the price of labour is 
every where, and at all times, the same ; and, if there 
were no disturbing causes, — if ull persons knew per- 
fectly well their own interest, and strictly followed it, 
mid there were no diificulties in moving capital and la- 
bour from place to place, and from employment to em- 
ployment, — the price of labour, at the same time, would 
be every where the same. But these difficulties occa- 
sion the price of labour to vary materially, even at the 
same time aud place ; and variations both in the amount 
of wages and in the price of labour, at different times 
and in different places, are occasioned not only by these 
causes, but by others which will be considered in a sub- 
sequent part of this Treatise. 

These variations affect very differently the labourer 
and his employer. The employer is interested in keep- 
ing down the price of labour ; but while that price re- 
mains the same, while at a given expense he gets a given 
amount of work done, his situation remains unaltered. 
If a farmer can get a field trenched for £12, it is indif- 
. ferent to him whether he pays the whole of that sum to 
three capital workmen, or to four ordinary one9. The 
three would receive higher wages than the four, but, as 
they would do proportionably more work, their labour 
would come just as cheap. If the three could be hired 
at £3 10s. apiece, while the four required £3 apiece, 
though the wages of the three would be higher, the 
price of the work done by them would be lower. 

It is true that the causes which raise the amount of 
the labourer’s wages often raise the rate of the capitalist’s 
profits. If, by increased industry, one man performs 
the work of two, both the amount of wages and the rate 


of profits will generally be raised. But the rate of profit Politics! 
will be raised, not by the rise of wages, but in conse- Economy. 
quencc of the additional supply of labour having dimi- 
nished its price, or having diminished the period for which tiaiu 
it had previously been necessary to advance that price, Kate of 
or having rendered, as in the instances mentioned by wages. 
Edwin Hose, the labour previously employed more pro- Bifference 
ductive between the 

The labourer, on the other hand, is principally inte- Wft ges and 
rested in the amount of wages. The amount of his wages the price of 
being fixed, it is certainly his interest that the price of labour, 
his lubour should be high, for on that dcjicndH the de- 
gree of exertion imposed on him. But, if the amount 
of his wages be low, lie must be comparatively poor — if 
that amount be high he must be comparatively rich — 
whatever be his remuneration for each specific act of ex- 
ertion. In the one case he will have leisure and want; 
in the oLher toil and abundance. We are far from 
thinking that the evils of severe and incessant labour, or 
the benefits of a certain degree of leisure, ought to be 
left out in any estimate of happiness. But, as we ol»- 
served in the beginning of this Treatise, it is not with 
happiness, but with wealth, that we are concerned as Poli- 
tical Economists; we profess to state facts for the infor- 
mation and instruction of the student, not to lay down 
rules to guide the conduct of the legislator. In explain- 
ing the general laws according to which wealth is pro- 
duced and distributed we do not assume that nil the 
means by which it can be augmented ought to be 
encouraged, or even to be permitted. We do not assume 
even that wealth is a benefit. In fact, however, wealth 
and happiness are very seldom opposed. Nature, when 
she imposed on man the necessity of labour, tempered 
his repugnance to it by making long-continued inac- 
tivity painful, and by strongly associating with exertion 
the idea of its reward. The poor and half-employed 
Irish labourer, or the still poorer and less industrious 
savage, is as inferior in happiness as he is in income to 
the hard-worked English artisan. The Englishman's 
industry may sometimes be excessive; his desire to 
better his condition may sometimes drive him on toils 
productive of disease ill recompensed by the increase of 
his wages ; hut that such is not generally the case may 
be proved by comparing the present duration of life in 
England with its former duration, or with its duration 
in other Countries. It is generally admitted that, 
during the last fifty years, a marked increase has taken 
place in the industry of our population, and that they 
are now the hardest- working labourers in the world. 

But during the whole of that period the average dura- 
tion of their lives has been constantly increasing, and 
appears still to increase ; and, notwithstanding the ap- 
parent uuhealthiness of many of their occupations, not- 
withstanding the atmosphere of smoke and steam, and, 
v hat appears to be still more injurious, of dust, in which 
many of them labour for sixty-nine hours a week, they 
enjoy, as a community, longer life than the lightly-toiled 
inhabitants of the most favoured soils and climates. 

The average annual mortality in England and Wales 
is computed by Mr. Rickman at one in forty-nine. In the 
extensive inquiry instituted by the Poor-Law Commis- 
sioners in 1834 into the state of the labouring classes 
in America and the Continent of Europe, the only 
Countries in which the mortality appeared to be so 
small as in England were Norway, in which it appeared 
to be one in fifty-four, and the Basses Pyrenees, in which 
it appeared to be one in fifly. In all the other Countries 
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Political which gave returns it exceeded the English proportion 
Eco nomy, sometimes by doubling it, and in the majority of 
instances by more than one-fourth.* 
turn. 1 " Having marked the distinction which really exists 
Wages. between the price of labour and the amount of wages, 
we shall for the future consider every labouring family 
as consisting of the same number of persons, and ex- 
erting the same degree of industry. On that supposi- 
tion, the distinction between the price of labour and the 
amount of wages will be at an end ; or rather, the only 
distinction will be, that the former expression designates 
the remuneiation for each specific exertion ; the latter, 
the aggregate of all those separate remunerations, as 
summed up at the end of each year. And the question 
to be answered will be, what arc the causes which de- 
cide what in any given Country, and at any given period, 
shall he the quantity and quality of the commodities ob- 
tained by a labouring family during a year ? 

Proximate Cause deciding the Rate of Wages, 

The proximate cause appears to be clear. The quantity 
and quality of the commodities obtained by each labouring 
family during a year must depend on the quantity and 
quality of the commodities directly or indirectly appro- 
priated during the year to the use of the labouring 
population, compared with the number of labouring 
families, (including under that term all those who depend 
on their own labour for subsistence;) or, to speak more 
concisely, on the extent of the fund for the maintenance 
of labourers, compared with the number of labourers to 
be maintained. 

Tiiis proposition is so nearly self-evident, that if Poli- 
tical Economy were a new Science we should assume it 
without further remark. Hut we must warn our readers 
that this proposition is inconsistent with opinions which 
are entitled to consideration, some from the number, and 
others from the authority, of those who maintain them. 
Erroneous First. I t is inconsistent with the doctrine that the rate 
Opinions, of wages depends solety on the proportion which the 
•number of labourers bears to the amount of Capital in a 
Country . The word capital has been used in so many 
senses that it is difficult to state this doctrine precisely; 
but we know of no definition of that term which will 
not include many things that are not used by the la- 
bouring classes ; and, if our proposition be correct, no 
increase or diminution of these things can directly affect 
wages. If half the plate gfass in the Country were to 
be destroyed to-morrow the capital of the Country would 
be diminished ; but the only sufferers would be those 
who possess or wish to possess plate glass ; among 
whom the labouring classes are not included. But if 
half the existing stock of coarse tobacco were destroyed, 
the immediate consequence would be a fall of wages ; 
not as estimated in money, but as estimated in the com- 
modities consumed by the lubourer. Though receiving 
the same money wages, the labourer woqld have less 
tobacco, or, if he chose to continue uudiminished his 
consumption of tobacco, then less of other things, than 
he had before. So if a foreign merchant were to come 
to settle in this Country, and bring with him a cargo of 
raw and manufactured silk, lace, and diamonds, that 
cargo would increase the copital of the Country ; silk, 
lace, and diamonds would become more abundant, and 

* Senior, Preface to Foreign Communications, p. 238. 
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the enjoyments of those who use them would be in- Political 
, creased : the enjoyments or the labourers, supposing them ^ conoin r- 
not to be consumers of silk, lace, or diamonds, 'would 
not be directly increased: indirectly and consequentially, , . )i “ tlibu - 
they might be increased. The silk might be re-exported ■ 
in a manufactured state, and commodities for the use of Erroneous 
labourers imported in return ; and then, and not till opinions, 
then, wages would rise ; but that rise would be occa- 
sioned, not by the first addition to the capital of the 
Country, which was made in the form of silk, hut by the 
substituted addition made in the form of commodities 
used by the labourer. 

Secondly. It is inconsistent with the doctrine . that 
wages depend on the proportion borne by the number 
of labourers to the whole revenue of the society of which 
they are members. In the example last suggested, of 
the introduction of a new supply of lace or diamonds, 
the revenues of those who use iace or diamonds would 
he increased ; but as wages are not spent on those ar- 
ticles, they would remain unaltered. It is possible, in- 
deed, to state cases in which the revenue of a large por- 
tion of a community might be increased, and yet the 
wages of the labourers might fall without an increase of 
their numbers. We will suppose the principal trade of 
Ii eland to be the raising produce for the English market; 
and that for every two hundred acres ten families were 
employed in raising, on half the land, their own sub- 
sistence, and on the remainder corn and other export- 
able crops requiring equal labour. l T nder such circum- 
stances, if a demand should arise in the English market 
for cattle, butchers’- meat, and wool, instead of corn, it 
would be the interest of the Irish landlords and farmers 
to convert their estates from arable into pasture. In- 
stead of ten families for every tw r o hundred acres, two 
might he sufficient : one to raise the subsistence of the 
two, and the other to tend the cattle and sheep. The 
revenue of the landlords and the farmers would be in- 
creased : and, if they employed the whole of that in- 
crease in the purchase of Irish labour, all parties would 
be benefited. But if they devoted the greater part 
of it to the purchase of English manufactures, the services 
of a large portion of the Irish labourers would cease to 
be required ; a large portion of the land formerly em- 
ployed in producing commodities for their use would 
be devoted to the production of commodities for the 
use of England ; and the fund for the maintenance of 
Irish labour would fall, notwithstanding the increase 
of the revenue of the landlords and farmers. 

Thirdly. It is inconsistent with the prevalent opinion , Absentec- 
that the. non-residence of landlords, funded proprietors , * sm - 
mortgagees , and other unproductive consumers, can be 
detrimental to the labouring inhabitants of a Country 
which does not export raw produce. 

In a Country which exports raw produce , wages may 
be lowered by such non-residence. If on Irish landlord 
resides on his estate, he requires the services of certain • 
persons, who must also be resident there, to minister to 
his daily wants. lie must have servants, gardeners, mid 
perhaps gamekeepers. If he build a house, he must 
employ resident masons and carpenters; part of his fur- 
niture he may import, but the greater part of it must be 
made in his neighbourhood ; a portion of his land, or, 
what comes to the same thing*, a portion of his rent, 
must be employed in producing food, clothing, and 
shelter for all these perpons, and for those who produce 
that food, clothing, and shelter. If he were to remove 
to England, all these wants would be supplied by Eng- 
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Political lMur.en. The land and capital which was formerly cm* 
Kconomy. ployed in providing the maintenance of Irish labourers 
would he employed in producing corn and cattle to be 
t?i»n tr ' bl1 ex P orlt 'd to England to provide the subsistence of 
Vv hi, English labourers. The whole quantity of commodities 

Erroneous appropriated to the use of Irish labourers would be di- 
sunions. rninished, and that appropriated to the use of English 
Absentee- labourers increased, and wages would, consequently, rise 
l!,in * iu England, and fall in Ireiaud. 

It is true that these etfecls would not be co-extensive 
with the landlord's income. Wiiile» iu Ireland, he must 
have consumed many foreign commodities, he must 
have purchased tea, wine, and sugar, and other things 
which the climate and the manufactures of Ireland do 
not utlbrd, and he must have paid for them by sending 
corn and cattle to England. It is true, also, that while 
in Ireland he probably employed a portion of his land 
and of his rents for other purposes, from which the la- 
bouring population received no benefit, as a deer park, 
or a pleasure garden, or in the maintenance of horses or 
hounds. On his* removal, that portion of his land w hich 
was a park would be employed, partly in producing ex- 
portable commodities, and partly in producing sub- 
sistence for its cultivators ; and that portion which fed 
horses for his use might be employed in feeding horses 
for exportation. The first of these alterations would do 
good ; the second could do no harm. Nor must we 
forget that, through the cheapness of conveyance between 
England and Ireland, a portion, or perliaps all, of those 
whom he employed in Ireland might follow him to 
England, and, in that case, wages in neither Country 
would be affected. The fund for the maintenance of la- 
bourers in Ireland, and the number of labourers to be 
maintained, would both be equally diminished, and the 
fund for the maintenance of labourers in England, and 
the number of labourers to be maintained, would both 
be equally increased. 

But after making all these deductions, and they are 
very great, from the supposed effect of the absenteeism 
of the Irish proprietors on the labouring classes in Ire- 
land, we cannot agree with Mr. McCulloch that it is 
immaterial. We cannot but join in the general opinion 
that their return, though it would not affect the prosperity 
of the British Empire, considered as a whole, would he 
immediately beneficial to Ireland, though perhaps foo 
much importance is attached to it. 

In Mr. M'Culloch’s celebrated examination before the 
Committee on the state of I reland, (4 th Report, 814, Sess. 
1825,) he was asked, “ Supposing the largest export of 
Ireland were in live cattle, and that a considerable por- 
tion of rent had been remitted in that manner, does not 
such a mode of producing the means of paying rent con- 
tribute less to the improvement of the poor than any ex- 
tensive employment of them in labour would produce ? — 
He replies, “ Unless the means of paying rent are 
changed when the landlord goes home, his residence 
caii have no effect whatever." 

" Would not," lie is asked, u the population of the 
country be benefited by the expenditure among them of 
a certain portion of the rent which (if he had been ab- 
sent) has (would have) been remitted (to England) ?” 
41 No,” he replies, “ I do not see how it could be bene- 
fited in the least. If you have a certain value laid out 
against Irish commodities in the one case, you will have 
a certain value laid out against them in the other. The 
cattle are cither exported to England, or they stay at 
home. If they are exported, the landlord will obtain an 


equivalent for them in English commodities; if they arc 
not, he will obtuin an equivalent forjthem iu Irish com- t ^ ^ > 
modities; so that in both cases the landlord lives on D.stiilm- 
the cattle, or on the value of the cattle: und whether ti on. 
he lives iti Ireland or in England, there is obviously Wages, 
just the very same ainountof commodities for the people Erroneous 
ot Ireland to subsist upon. Ab»i ukc- 

This reasoning assumes that the landlord, while resi- i Mn . 
dent in Ireland, himself personally devours all the cattle 
produced on his estates ; for on no other supposition 
can there be the very same amount of commodities for 
the people of Ireland to subsist upon, whether their cattle 
are retained in Ireland or exported. 

But when a Country does not export raw produce, 
the consequences of absenteeism are very different. 

Those who derive their incomes from such n Country 
cannot possibly spend them abroad until they have pre- 
viously spent them at home. 

When a Leicestershire landlord is resident on his es- 
tate, he employs a certain portion of his land, or, w hat 
is the same, of his rent, in maintaining the persons who 
provide for him those commodities and services, which 
must be produced on the spot where thay are consumed. 

If he should remove to London, lie w r otdd want the ser- 
vices of Londoners, und the produce of land and capital 
which previously maintained labourers resident in Lei- 
cester would be sent away to maintain labourers resi- 
dent in London. The labourers would probably follow, 
and wages in Leicestershire and London would thru be 
unaltered; but until they did so, wages would rise in 
the one district und fall in the oilier. At the same time, 
as the rise and fall would compensate one another, us 
the fund for the maintenance oi labour, and the number 
of labourers to be maintained, would each remain the 
same, the same amount of wages would be distributed 
among the same number ot persons, though not pre- 
cisely ill the same proportion as before. 

If he were now to remme to Baris, a new distribution 
must take place. As the price of raw produce is lower 
ill France than in England, and the difference in habits 
and language between the two Countries prevents the 
transfer of labourers from the one to the other, neither the 
labourers nor the produce of his estates could follow 
him. He must employ French labourers, and he must 
convert his share of the produce of his estate, or, what 
is the same thing, his rent, into some exportable form in 
order to receive it abroad, it muy be supposed that he 
would receive Ids rent in money. Even if he were to 
do so, the English labourers would not tie injured, for 
as they do not eat or drink money, provided the butne 
amount of commodities remained for their use, they 
would be unaffected by the export of money. But it is 
impossible that he could receive his rent in money 
unless be chose to suffer a gratuitous loss. The rale of 
exchange between London and Paris is generally rather 
in favour of London, and scarcely ever so deviates from 
par between any two Countries, ns to cover the expense 
of transferring the precious metals from the one to the 
other, excepting between the Countries which do, and 
those which do not 9 possess mines. The remittances 
from Englaud to France must be sent, therefore, in the 
form of manufactures, either directly to France, or to some 
Country with which French lias commercial relations. 

And how would these manufactures be obtained? Of 
course in exchange for the landlord’s rent. His share 
of the produce of his estates would now go to Birming- 
ham or Sheffield, or Manchester or London, to main- 
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Political tain the labourers employed in producing manufactures, 
Economy, to be sent and sold abroad for his profit. An English 
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absentee employs his income precisely as if he were to 
remain at home and consume nothing but hardware and 
cottons. Instead of the services of gardeners and ser- 
vants, upholsterers and tailors, he purchases those of 
spinners, and weavers, and cutlers. In either case his in- 
come is employed in maintaining labourers, though the 
cluss of labourers is different ; and in either case, the 


whole fund for the maintenance of labourers, and the 


number of labourers to be maintained, remaining unal- 
tered, the wages of labour cannot be affected. 

But, in fact, that fund would he rather increased in 


quantity and rather improved in quality. It would be 
increased, because laud previously employed as a park, 
or in feeding dogs and horses, or hares and pheasants, 
would now be employed in producing food or clothing 
for nun. It would l>e improved, hecuuse the increased 
production of manufactured commodities would occasion 
an increased divinon of labour, the use of more and 


better machinery, ami the other improvements which we 
have ascertained to he its necessary accompaniments. 

One disadvantage, and one only, it appears to us would 
be the result. The absentee in a gnat measure escapes 
domestic taxation. We say in a great measure, 
because lie still remains liable, if a proprietor of houses 
or ol land, to those t ixes which fall upon rent : he pays, 
too, a part of the taxes on the materials of manufac- 
tures ; and if it were our policy to tax income or 
cxpmlcd commodities, lie might be forced to pay to the 
public revenue even more than his former proportion. 
But, under our present s\stem, which throws the hulk 
of taxation on commodities produced for internal con- 
sumption, he receives the greater part of his revenue 
without deduction, and, instead of contributing to the 
support of the British (iovernment, contributes to sup- 
port tli .it of France or Italy. This inconvenience, 
pci haps, about balances the advantages which we have 
just mentioned, Vmd leaves a community which exports 
only manufactures neither impoverished nor enriched 
by the lesidence abroad of its unproductive members. 

Wc ought, perhaps, on this occasion again to remind 
our readers that it is to wealth and poverty that our 
attention, when writing on Political Economy, is con- 
fined. The moral effects of absenteeism must never be 


neglected by a writer who inquires into the causes 
which promote the happiness ol nations, but are without 
the province ol a Political Economist. Nor do we 
regret that they arc so, tor they form a subject' on which 
it is far more difficult to obtain satisfactory results. In 
one respect, indeed, the moral question is the more 
simple, as it is not complicated by the consideration 
whether raw produce or manufactures are exported, or 
whether the non-resident landlord is abroad, or in some 


town within his own Country, It his presence is to be 
morally beneficial, it must be his presence on his own 
estate. To the inhabitants of that estate the place to 
which he absents himself is indifferent. Adam Smith 
believed his resilience to be morally injurious. “The 
residence of a Court,’' he observes, (book ii. ch. iii.) 
“ in general makes the inferior sort of people dissolute 
and poor. r jhe inhabitants of a large village, alter 
having made considerable progress in manufactures, 
have beome idle in consequence of a great Lord having 
taken up his residence in their neighbourhood.” And 
JMr. M'Culloch, whose fidelity and intelligence as an ob- 
server may be relied on. stale*, as the result of his own 


experience, that in Scotland the estates of absentees aie Political 
almost always the best managed. Much, of cmin-e Economy, 
depends on individual character ; but we are inclined to 1 - 

believe that, in general, the presence of men ol lar«;e nis,ribn “ 
fortune is morally detrimental, nud that of men ofyy"^ 
moderate fortune morally beneficial, to their iminidiate KmSeous 
neighbourhood. The hubits of expense and indulgence “pinioni. 
which, in different gradations, prevail among all the -^entee- 
menibers of a great establishment, are mischievous as ,sin * 
examples, and perhaps still more so as j-oimes of 
repining and discontent. The drawing-room and 
stable do harm to the neighbouring gentry, and the 
housekeepers room and servants' hall to their interiors. 

But families of moderate income, including under dial 
term incomes between £500 and -L*.2U00 a vear, appear 
to be pluccd in the station most favourable to the ac- 
quisition of moral and intellectual excellence, and to its 
diffusion among their associates and dependents. Wc 
have no doubt that a uell-i emulated gentleman's family, 
removing the prejudices, soothing the quariels, directing 
and stimulating the exertions, and awarding praise 
or blame to the conduct of the villagers round them, is 
among the most efficient means by which the character 
of a neighbourhood can be improved. It is the happi- 
ness of this Country that almost every parish has a resi- 
dent fitted by fortune and education lor these services; 
ami hound, not merely by lee lings of propriety, but us a 
matter of express and professional duly, to their perl’oi m- 
ance. The dispersion throughout the Countiy ot so 
many thousand clerical families, each acting in its own 
district as a small centre of civilization, is an advantage 
to which, perhaps, we have been too long accustomed 
to be able to appreciate its extent. 

Still, however, we think that even the moral effects of 
absenteeism have been exaggerated. Those who declaim 
aguinst the twelve thousand English families supposed 
to be resident abroad, seem to forget that not ouc-half, 
probably not one-quarter, of them, if they were to re- 
turn, would dwell any where but in towns, where their 
influence would be wasted, or probably not even 
exerted. What does it signify to the Northumbrian 
or Devonshire peasant whether his hindloid lives 
in London, or Cheltenham, or Home? And even of 
those who would reside in the country, how many 
would exercise that influence beneficially? How 
tuuny would lie fox-hunters or game-preservers, or sur- 
round themselves with dependents whose example 
would more than compensate for the virtues of their 
masters? Nothing can be more rash than to predict 
that good would be the result of causes which are quite 
as capable of producing evil. 

The economical effects have been still more generally 
misunderstood ; and we have otten been tempted to 
wonder that doctrines so clear as those which we have 
just been submitting to our readers should be admitted 
with reluctance even by those who feel the proofs m be 
unanswerable, and should be rejected at once by others, 
as involving a paradox too moustrous to be worth 
examination. 

Much of this, probnhlv, arises from a confusion of 
the economical with the moral part of the question. 

Many writers nud readers of Political Economy forget 
that the dearest proof that absenteeism diniini--hes the 
virtue or the happiness of the remaining members ol a 
community is no answer to arguments which aim only 
at proving that it does nut diminish their wealth. 

Another and perhaps the chief source ol error is the 
•2d 2 
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Political circumstance that, when the landlord is present, the gain 
- j”” !' * s concentrated, and the loss diffused, when he is absent 
DUtribu- l * ie ff** 11 * 8 diffused, and the loss concentrated. When 
tion. he quits his estate, we can put our finger on the 

Wages. village tradesman and labourer who lose his custom and 
Erroneous employment. We cannot trace the increase of custom 
Absentee- an< * em ph>ynient that is consequently scattered among 
urn. millions of manufacturers. When he returns, we see 
that the expenditure of £2000 or £3000 a year in a 
small circle gives wealth and spirit to its inhabitants. 
We do not see, however clearly we may infer it, that so 
much the less is expended in Manchester, Birmingham, 
or Leeds. The inhabitants of his village attribute their 
gain and their loss to its causes; and their complaints 
and acknowledgments are loud in proportion to the 
degree in which they feel their interests to be affected. 
No single manufacturer is conscious that the average 
annual export of more than forty millions sterling has 
been increased or diminished to the amount of 
£2000 or £3000. And even if aware of that increase or 
diminution, he would not attribute it to the residence 
in Yorkshire or Paris of a given individual, of whose 
existence he probably is not aware. When to obviouB 
and palpable effects nothing is to be opposed but infer- 
ences deduced by a long, though perfectly demonstrative, 
reasoning process, no one can doubt which will prevail, 
both with the uneducated, and the educated, vulgar. 

Many persons, also, are perplexed by the consideration, 
that all the commodities which are exported as re- 
mittances of the absentee’s income are exports for which 
no return is obtained ; that they are as much lost to this 
Country os if they were a tribute paid to a foreign 
State, or even as if they were thrown periodically into 
the sea. This is unquestionably true ; but it must be 
recollected, that whatever is un productively consumed 
is, by the very terms of the proposition, destroyed, with- 
out producing any return. The only difference letween 
the two cases is, that the resident landlord performs that 
destruction here; the absentee performs it abroad. In 
either case, he first purchases the services of those who 
produce the things which he, for his benefit, not for 
theirs, is to consume. If he stays here, he pays a man 
to brush a coat, or clean a pair of boots, or arrange a 
table; all which in an hour after are in their former 
condition. When abroad, he pays an equal sum for 
the production of needles, or calicoes, which are sent 
abroad, and equally consumed without further benefit 
to those who produced them. They are, in fact, sold 
for money to be employed in paying the wages of those 
foreign servants who now brush the shoes and draw the 
corks, which, if the landlord had not been un absentee, 
would have been brushed and drawn in Euglund. The 
income of unproductive consumers, however paid, is a 
tribute ; and whether they enjoy it here or elsewhere, is 
their own concern. We know that a man cannot eat his 
cake and have it ; and it is equally true that he cannot 
sell a cake to another and keep it for himself. 

A gain, some acute reasoners appear to us to have been led 
into error on this subject, by perceiving that the income of 
an absentee is generally remitted to him by means of a trade 
in which the returns are comparatively slow,*and that the 
expenditure of his income is profitable to those among 
whom he resides. t Now assuming that these circumstances 

• Professor Longfteld, Leeturet on Commerce and Mientcriim, p. 6. 

t Can*y on fVnget, p. 46. A Work which we regret not to have 
received until part of this Treatise had been stereotyped, and the 
remainder was in print. 


occasion a loss to any body, it is clear that the loss falls Political 
solely on the absentee. His rents are, in the first in- v c°nomy. 
stance, expended as quickly as they are received in the D i stribu . 
purchase of manufactured commodities, to be exported t ; on . 
ior his benefit as a means of remittance. They are ex- Wages, 
pended, therefore, in the support of the trade of the Erroneous 
English manufacturer, a trade givingquick returns, high 
wages, and, if we may judge from the additional capital j gm 
which it is attracting every day, high profits. The ab- 
sentee, in thus spending his income, gives to Engluud 
all that an unproductive consumer can give, the wages 
and the profits arising from the expenditure in England 
of his income as fast as he receives it. Neither the gain 
nor the loss attending on the remittance or on the subse- 
quent expenditure of its amount are any concern of ours. 

They affect only the absentee. If he selects ill the place 
of his residence, he may have to lose by remittances at 
long dates, or at an unfavourable exchange, or have to 
pay dearly for bad commodities or unskilful services. 

If lie selects it well, he may be a gainer by the interme- 
diate operations to which his income has been subjected, 
and receives larger revenue than he would have ob- 
tained at home, or may spend that revenue more agree- 
ably. But with all this England has nothing to do. 

The last cause to which we attribute the slow progress 
of correct opinions on this subject is their distasteful ness 
to the most influential members of the community. 

Nothing can be more flattering to landlords, annuitants, 
mortgagees, and fundholders, than to be told that their 
residence is of vital importance to the Country. 

Nothing can be more humiliating than to be ussured 
that it is utterly immaterial to the rest of the community 
whether they live in Brighton, or London, or Paris. 

Those who are aware how much our judgment, even in 
matters of Science, is influenced by our wishes, will not 
be surprised at the prejudices against a doctrine which 
forbids the bulk of the educated class to believe that 
they are benefactors to their Country by the mere act of 
residing within its shores. 

We may appear, perhaps, to have dwelt too much on 
a single subject ; but no prevalent error can be effectually 
exposed until its prevalence has been accounted for. 

And these are errors which are to be heard in every 
society, and often from those whose general views in 
Political Economy are correct. They may be called 
harmless errors, but no error is, in fact, harmless ; and 
when there is so much in our habits that really requires 
alteration, we may lose sight of the real and the remedi- 
able causes of evil, while our attention is misdirected to 
absenteeism. 

Fourthly. Our proposition that the rote of wages Machines, 
depends on the extent of the fund for the maintenance 
of labourers, coin|>ared with the number of labourers to 
be maintained, is inconsistent with the doctrine that the 
general rate of wages can , except in two cases, be 
diminished by the introduction of machinery. 

The two cases in which the introduction of machinery 
can produce such an effect are, first, when labour is 
employed in the construction of machinery, which labour 
would otherwise have been employed in the production 
of commodities for the use of labourers; and, secondly, 
when the machine itself consumes commodities which 
would otherwise have been consumed by labourers, and 
that to a greater extent than it produces them. 

The first case is put by Mr. Ricardo, in his chapter 
on muehinery ; but in so detailed a form, that, instead 
of quoting it, we will extract its substance, with a slight 
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Political variation of the terms. He supposes a capitalist to 
Economy. canP y an business of a manufacturer of commodities 

Distribu^' ^ or , ^ ie u8e or * to u9e * more concise 

tion. * expression, the business of a manufacturer of wages. 

Wages. He supposes him to have been in the habit of commenc- 

Erroneous j n g every year with a capital consisting of wages for a 

3— ccrta * n num her of labourers, which we call twenty-six, 
and of employing that capital in hiring twenty men, to 
reproduce, during the year, wages for the whole twenty- 
six, and six to produce commodities for himself. Ha 
now supposes him to employ ten of his men during a 
year in producing, not wages, but a machine, which, 
with the aid of seven men to keep it in repair and work 
it, will produce every year wages for thirteen men ; that 
is, wages for six men besides the seven that work it. At 
the end of the year the capitalist's situation would be 
unaltered : he would have wages for thirteen men, the 
produce of the labour of his other ten men during the 
year ; and his machine, also the produce of the labour 
of ten men during the year, and therefore of equal 
value. And his situation would continue unaltered. 
Every year his machine would produce wages for 
thirteen men, §f whom seven must be employed in 
repairing and working it, and six might, as before, he 
employed for the benefit of the capitalist. But we have 
seen that, during the year in which the machine was 
constructed , only len men were employed in producing 
wages instead of twenty, and, consequently, that wages 
were produced for only thirteen men instead of for 
twenty-six. At the end of that year, therefore, the fund 
for the maintenance of labour was diminished, and 
wages must, consequently, have fallen. It is of great 
importance to recollect, that the only reason for this fall 
was the diminution of the annual production. The 
twenty men produced wages for twenty-six men : the 
machine produces wages for only thirteen. The vulgar 
error on this subject supposes the evil to arise, not from 
its true cause, the expense of constructing the muchiue, 
but from the productive powers of that machine. So 
far is this from beiug true, that those productive powers 
are the specific benefit which is to he set against the evil 
of its expeusiveiiess. If, instead of wages tor thirteen 
men, the machine could produce wages lor thirty, its 
use, us soon as it came into operation, would have 
increased instead of diminishing the fund for the main- 
tenance of labour. The same effect would have been 
produced, if the machine could have been obtained with- 
out expense ; or if the capitalist, instead of building it 
out of his capital, had built it out of hi 9 profits ; if, 
instead of withdrawing ten men lor a year from the 
production of wages, he had employed in its construction, 
during two years, five of the men whom he is supposed 
to have employed iu producing commodities for his own 
use. In either case, the additional produce obtained 
from the machine would have been an additional fund 
for the maintenance, of labour ; and wages must, ac- 
cording to our elementary proposition, have risen. 

We have thought it necessary to state this possible 
evil aa a part of the theory of machinery, but we are far 
from attaching any practical importance to it. We do 
not believe that there, exists upon record a single 
instance in which the whole annual produce has been 
diminished by tlie use of inanimate machinery. Partly 
in consequence of llte expense of constructing the 
greater part of machinery being defrayed out of profits 
or rent, and partly in consequence of the great propor- 
tion which the productive powers of machinery bear to 


the expense of its construction, its use is uniformly Political 
accompanied by an enormous increase of production. Economy. 
The annual consumption of cotton wool in this Country,' s—l 
before the introduction of the spinning-jenny, did run 1)istribu ‘ 
exceed twelve hundred thousand pounds ; it now yJJ" , 
amounts to two hundred and forty millions. The num. E r ?on«ms 
ber of copies of books extant at any one period before opinions, 
the invention of the printing-press was probably smaller Ma *Mn**y. 
than that which is now produced in a single day. 

Mr. Ricardo’s proposition, therefore, ( Princ . 474.) that 
the use of machinery frequently diminishes the quantity 
of the gross produce of a Country, is erroneous, so far 
as it depends on the case which lie has supposed, and of 
which we have stated the substance. 

The other exception, that where the machine itself 
consumes commodities which would otherwise ha\e 
been consumed by labourers, and that to a greater 
extent than it produces them, applies only to the case of 
horses and working-cattle, which may be termed ani- 
mated machines. We will suppose a farmer to employ on 
his farm twenty men, who produce annually their own 
subsistence, and that of six other men producing com- 
modities for the use of their master. If five horses, 
consuming, we will say, as much as eight men, could do 
the work of ten men, it would be worth the farmers while 
to substitute them for eight of his men, as he would be 
able to increase the number of persons who work for 
his own benefit from six to eight. But after deducting 
the subsistence of the horses, the fund for the mainte- 
nance of labourers would be reduced from wages for 
twenty-six men to wages for eighteen. We cannot 
refuse to admit that such cases may exist, or to deplore 
the misery that must accompany them. They are, in 
fact, now occurring in Ireland, and are occasioning much 
of the distress of that Country. They seem, indeed, to 
be the natural accompaniments of acertaiu period in the 
progress of national improvement. In the early stage* 
of society, the rank and even the safety of the landed 
proprietor is principally determined by the number of 
his dependents. The best inode of increasing that 
number is to allow the land, which he does not occupy 
as his own demesne, to be subdivided into small 
tenements, each cultivated by one family, and just 
sufficient for their support. Such tenants can of course 
pay little rent, but they are enabled by their abundant 
leisure, *and forced by their absolute dependence, to 
swell the retinue, and aid the political iiifiueuce, of their 
landlord in peace, and to follow his banner in public and 
private war. Cameron of Lochiel, whose rental did 
not exceed j£500 a year, carried with him into the Re- 
bellion of 1745 eight hundred men ruised from his own 
tenantry. But in the progress of civilization, as wealth 
becomes the principal means of distinction aud influence, 
landowners prefer rent to dependents. To obtain rent, 
that process of cultivation must be employed which will 
give, not absolutely the greatest amount of produce, but 
the greatest afier deducting the expenses. For this pur- 
pose a tract of five hundred acres, from which fifty 
families produced their own subsistence, and produced 
scarcely any thing more, may be converted irtto one 
farm, and with the labour of ten families, aud as many 
hones, may produce the subsistence of only thirty iaini- 
lies# Fortunately, however, the period at which these 
alterations take place is generally one of great social 
improvement ; so that, afier a short interval, the in- 
creased diligence and skill with which labour is applied 
occasion au increase of the produce, alter deducting the new 
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Political expenditure. The fund for the maintenance oflabourers 
% KunuiP ). now becomes i ncreaseri from two different sources — partly 
J)i*triliuT ^ rom > ncreas *d efficiency of human labour when aided 
tion. by that of horses and cattle, and partly from the results of 
Wages. a part of the human labour set free by the substitution 
Erroneous of brutes. The ultimate consequences of such a change 
are alwa y s beneficial ; the change itself must, in general, 
be accompanied by distress. 

But with the exception of these two cases, one of 
which produces only temporary effects, and the other, 
though apparently possible, seems never actually to 
occur, it appears clear that the use of machinery must 
either raise the general rate of wages, or leave it un- 
altered. 

When machinery is applied to the production of com- 
modities which ure not intended, directly or indirectly, 
for the use of labourers, it occasions no alteration in the 
general rate of wages; we say the general rate of 
wages, because it may diminish the rate of wages in 
some employments,' — a diminution always compensated 
by a corresponding increuse in some others. A small 
screw was shown to ns at Birmingham which, in the ma- 
nufacture of corkscrew*, performed the work of filly- 
nine men; with its assistance one man could cut a spiral 
groove in as many coikscrew shanks as sixty men could 
have cut in the same time with the tools previously in 
use. As the use of corkscrews is limited, it is not pro- 
bable that the demand for them has sufficiently increased 
to enable the whole number of labourers previously em- 
ployed in their manufacture to remain so employed 
after such an increase in their productive power. Some 
of the corkscrew-makers therefore, must have been 
thrown out of work, and the rate of wages ill that trade 
probably fell. But as the whole fund tor the mainte- 
nance of labourers, and the whole number of labourers 
to be maintained, remained unaltered, that fall must 
have been balanced by a rise somewhere else — a rise 
which we may trace to its proximate cause, by recollect- 
ing that the fall in the price of corkscrews must have left 
every purchaser of a corkscrew a fund for the purchase 
of labour, rather larger than he would have possessed if 
he had paid the former price. 

If, however, machinery be applied to the production 
of any commodity used by the labouring population, the 
general rate of wages will rise. That it cannot fall is 
clear, on the grounds which we have just stated. If 
the improvement be great, and the commodity not sub- 
ject lo a corresponding increase of demand, some of 
the labourers formerly employed in its production will 
be thrown out of employment, and wages, in that trade, 
will full — a fall which, as the whole fund for the mainte- 
nance of labour is not diminished, must be met by a 
corresponding rise in some other trade. But the fund 
will be increased by the additional quantity produced of 
the commodity to which the improvement has been ap- 
plied : estimated in that commodity, therefore, the general 
rate of wages, or, in other words, the quantity of com- 
modities obtained by the labouring population, will be 
increased by the introduction of machinery ; estimated 
in alt others, it will be stationary. 

The example taken from the manufacture of cork- 
screws is as unfavourable to the effects of machinery as 
can be proposed ; for the use of the commodity is sup- 
posed to be unable to keep up with the increased power 
of production, and the whole number of labourers em- 
ployed on it is, consequently, diminished. This, how- 
ever, is a very rare occurrence. The usual effect of an 


increase in the facility of producing a commodity is so to Political 
increase its consumption as to occasion the employment conom y . 
of more, not less, labour than before. Distribu- 

We have already called the reader’s attention to the tion 
effects of machinery in the manufacture of cotton and in Wages* 
printing. Each of these trades probably employs ten Erroneous 
times as many labourers as it would have employed if 
spinning-jennies and types had not been invented. ac in 
Under B*ich circumstances, (und they are the usual ones,) 
the benefits of machinery are not alloyed by even par- 
tial inconvenience. 

Those who are little affected by inferences from general 
propositions may be influenced by a witness who states 
the results of his own observations. We will support 
our argument, therefore, by the following extract from 
Mr. Cowell’s valuable preface to the tables of wages 
constructed by him in the performance of his duties ad a 
Commissioner on the Factory Inquiry: — 

“ As long as the cotton-working continues to extend, 
the apprehensions entertained by the operatives of a fall 
in wages, either for adults or children, consequent upon 
improvements in machinery, are groundless. Their 
assertion is, (and it was repeated to #ne innumerable 
times.) that they have to turn out more work now for 
less wages than formerly. The Manchester and Salford 
Adrerliatr, which is the journal «>t the operatives, scarcely 
publishes a number which does nut ring the changes on 
this assertion; and in that for the 1 1th of January, 1834, 
it asserts, * that a spinner now turns out double the 
work for a tenth less wages thun in 1804.* 

“ The matter stands thus: iu 1S04 a spinner was paid 
85 . 6d. tor every pound of yarn of the fineness of two 
hundred hanks to the pound, spinning on a mule of the 
average productive power of that time. What that pro- 
ductive power was I do not know. But in 1829 he 
was paid at the rate of 4*. Id. tor spinning the same 
quality on a mule of the productive power of three hun- 
dred and twelve ; in 1831, and at present, at the rate of 
2f. bd, and 2*. 8jc/. for spinning the same quulity oil a 
mule of the productive power of six hundred and forty- 
eight. These quotations are from the Manchester prices. 

“ Thus, in 1629, the spinner turned off three hundred 
and twelve pounds of yarn in the same time that he now 
takes to turn off six hundred and forty-eight. He was 
paid at the rate of 4*. Id. per pound in 1829, he is now 
paid at the rate of 2s. 5d. But three hundred and twelve 
pounds at 4». Id. umount to one thousand two hundred 
and seventy-four shillings, and six hundred and forty- 
eight pounds at Qs. bd. to one thousand five hundred and 
sixty-six shillings. He receives, therefore, two hundred 
and ninety*! wo shillings more than he did in 1829 for equal 
times of work. It is perfectly *rue that he does * more 
wmrk for ltss wages than in 1829 ;* but this is nothing 
to the purpose, when the proposition to be proved is, 
that ( wages are lower than formerly.’ I mean to say, 
that a spinner earns a shilling, or a pound, or a hun- 
dred pounds, in less time at present than he would have 
consumed in earning a shilling, or a pound, or a hun- 
dred pounds, ten years ago, and with the same or less 
labour ; that this enhancement of his earnings has been 
owing to improvements in machinery ; that the progress 
of improvements will progressively advance his earnings 
still higher, and st the same time enable a greater num- 
ber of individuals to profit by the enhanced rate than 
actually profits by the actual rate ; (provided that no* 
thing occurs to prevent the cotton business from deve- 
loping itself for the neat thirty years as it has done for 



POLITICAL ECONOMY. 


199 


Political the last;) ami that any improvement in the machinery 
Econo * ny. « n a|1 y one 0 f th e numerous departments of colton-wovk* 
Distribu- °P eratc to enhance the rate of wages in all other 

lion. * branches, (us well as in that departments which it takes 
Wages. place,) by increasing the actual previous demand for 
Erroneous labour in those other branches. 1 assert that every im- 
opinumii. t provement of cotton machinery, in any department of 
M ,ner *' cottou-workiug, has hithcM to had the effect of enabling 
4 an operative’ (speaking in general of every one, in 
every department whatever) to earn a greater net amount 
of money, in any given time, than he would have doue if 
the improvements had never taken place* 

41 The misconceptions as to the real effect of machinery 
on the wages of labour which the operatives entertain 
are the causes of turn-outs and strikes; they produce 
rankling discontent towards their masters, and I regret 
that I have not had the opportunity of giving them a 
fuller exposure. 

“ I certainly consider it of great consequence that the 
operatives themselves should be satisfied that improve- 
ments in machinery tend to raise the amount of money 
that they gain individually and generally, for the same 
number of hours' work. Those who dispute the fact 
must, I think, admit that J have established it in the 
cases which l have selected, as far as spinners are con- 
cerned ; and as they must likewise admit that the im- 
provement specified creates a fresh and additional demand 
for young bauds, they must also admit that the wages of 
young hands are augmented in consequence. They 
must equally admit, that as the price of the article will 
be lowered in the market from the effects of the im- 
provement, more of it will be consumed ; and hence 
that, iu all the correlate processes connected with spin- 
ning of cotton, mote hands will be required, and conse- 
quently that wages throughout the whole range of 
cotton-working will be better than they were before. If 
these considerations should induce operatives to hesiL&le 
before they combine and turn out against new machinery, 
before they again cabal for shortening the hours of work, 
in order to counteract the (fancied) injurious effect upon 
wages of improvements in machinery, and should lead 
them to neglect the advice of those who urge them 4 to 
strike for eight hours’ work and twelve hours’ earnings,* 
(and this is the advice they have lately received,) my pur- 
pose will he answered. 

44 The generality of the operatives in cotton-working 
are well meaning, respectable, shrewd, and sensible ; and 
1 believe that if the real effect of machinery in augmenting 
the actual rate of their earnings, and in enabling a greater 
number of persons to benefit by the augmented rate, 
could be fairly 6et before them and rendered familiar to 
their minds, it would have a most beneficial effect upon 
their actions as members of society.” Factory Inquiry 
Commission , 2d Report. D. i. 119. n. m. 

Population. Fifthly* Closely connected with this mistake, and 
occasioned by the same habit of attending only to what 
is temporary and partial, and neglecting what is perma- 
nent and general ; of dwelling on the evil that is con- 
centrated, aud being insensible to the benefit that is dif- 
fused, is the common error of supposing that the general 
rate of wages can be reduced by the importation of 
foreign , commodities , . In fact, the opening of a new 
market is precisely analogous to the introduction of a 
new machine, except that it is a machine which it costs 
nothing to construct or* to keep up. If the foreign 
commodity be not consumed by the labouring popula- 
tion, its introduction leaves the general rate of wages 


unaffected ; if it be used by them, their wages are Political 
raised as estimated in that commodity. If the laws Kc < m <* m y- 
which favour the wines of the Cape to the exclusion nf those 1 

of France were repealed, more labourers would be employed ,)islribl1 * 
in producing commodities for the French market, and \\Lu 9 
fewer tor that of the Cape. Wages might temporarily KrrJueius 
fall in the one trade, and rise in the other. The clear 
benefit would be derived by the drinkers of wine, who lJ °l wlatlon * 
at the same expense, would obtain more or better wine. 

So if what are called the protecting duties on French 
silks were ic moved, fewer labourers would he employed 
iu the direct production of silk, and more in its indirect 
production, by the production of the cottons or hard- 
ware with which it would be purchased. The wearers 
of silk would be the only class ultimately benefited ; 
and ns the labouring population neither wear silk nor 
drink wine, the general rate of wages would, in both 
cases, remain unaltered. Rut if the laws which prohibit 
our obtaining on the most advantageous terms sugar and 
corn were altered, that portion of the fund tor the 
maintenance of labour, which consists of corn and 
sugar, would be increased. Amt the general rale of 
wages, as estimated iu two of the most important articles 
of food, would he raised. 

Sixthly. The views which we have been endeavouring Emj.loy- 
to explain are inconsistent with the common opinion, meat. 
that the. unproductive consumption of landlords and capi- 
talists is beneficial to the labouring classes, because it 
furnishes them with employment. 4t Tillage.*’ says Paley, 

(aud this is another form of the same fallacy,) “ is pre- 
ferable to pasturage, not only because the provision 
which it yields goes much further in the sustentution of 
life, but because it affords employment to a more nume- 
rous peasantry." The production ol more subsistence is 
certainly ail advantage, but what is the advantage of its 
requiring more labour? If this be an advantage the 
icrtihty of land is an evil. If the thing requited be em- 
ployment^ we should abundon ploughs and even spades. 

To scratch up u rood with the fingers would give more 
employment than to dig an arre. Those who maintain 
that unproductive consumption does good by affording 
employment, must forget that it is not employment, but 
food, clothing, shelter, and fuel, in short, the materials 
of subsistence and coinfort, that the labouring classes 
require. The word 44 employment” is merely a concise 
form of designating toil, trouble, exposure, and fatigue. 

It is indeed sometimes eilipticaliy used as implying the 
subsistence which is purchased by eudunng it. A poor 
man complaius that he wants work. He might work to 
his heart’s content, aud with no man’s leave, if he chose 
to carry stoucs from the bottom to the top of a hill. 

But what lie wants is work as a means of obtaining pay- 
ment. He would be happy to get the payment wittmut 
the work. Toil, exposure, and tatigue. per sr n are evils, 
and the less of them that is required for obtaining a given 
amouut of subsistence aud comfort, or, in other word.-, the 
greater the facility of obtaining that given amount, (he 
better, aetcris paribus , will be the condition of the labour- 
ing classes; indeed, of all classes iu the community. 

What occasions the prosperity of a colony? Mot the 
dearness of subsistence, but its cheapness; not the diffi- 
culty of obtaining food, clothing, shelter, anil fuel, but the 
facility. Now how can unproductive consumption increase 
this facility ? How can the fund from which all are to be 
maintained be augmented by the < lest ruction ol a portion 
of it? If the higher orders were to return to the cus- 
toms of a ceutury ago, and cover their coats with gold 
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Political lace, they might enjoy their own finery ; but how would 
E conomy, that benefit their inferiors ? The theory which we are 
considering replies that they would be benefited by being 
tion. employed in making the lace. It is true that a post, 
Wages. ’ instead of costing £5, would cost £55. But what be- 
Krroneous comes now of the extra £50? for it cannot be said that, 
opinions, because it is not spent on a laced coat, it does not exist, 
meat. ^ If a landlord with £10,000 a year spends it unproduc- 
tively, he pays it away to those who furnish the embel- 
lishments of his house and grounds, and supply his 
stable, bis equipage, uiid his clothes. Suppose him now 
to abandon all unproductive expenditure, to coufine 
himself to bare necessaries, and to earn them by bis own 
labour, the first consequence would be, that those among 
whom he previously spent his £10,000 a year would 
lose him ns uu employer ; and beyond this the theory in 
question sees nothing. But what would he do with the 
£ 10,000 which he would still annually receive? No 
one supposes that he would lock it up in a box, or bury 
it in Ins garden. Whether productively or unproduc- 
tivcly, it still must be spent. If spent by himself, as by 
the supposition it would be spent productively, it must 
increase, and every year still further increase, the whole 
fund applicable to the use of the rest of the community. 
If not spent by himself, it must be lent, as is done by 
a miser of the present day, to some other person, and 
by that person it must be spent productively or unpro- 
ductively. He might, perhaps, buy with it property 
in the English funds ; but what becomes of it in the 
builds of the person who sells to him that funded pro- 
perty ? lie might buy with it French rentes; but 
in what form would the price of those rentes go to 
Paris? — In the form, as we have seen, of manufactured 
commodities. Quacunque via dalA , every man must 
spend his income ; and the less he spends on himself, 
the more remains fur the rest of the world. 

The seventh and last theory inconsistent with our own 
views, to which we shall call the readers attention, is 
that proposed by Mr. Ricardo in the fol'owing passage : — 
Preference “ The labouring class have no small interest in the 
of service* manner iu which the net income of the Country is ex- 
to coinmo- pended, although it should, in all cases, be expended 
dawa. f or the gratification and enjoyment of those who are 
fairly entitled to it. 

“ If a landlord, or a capitalist, expends his revenue in 
the manner of an ancient Baron, in the support of a 
great number of retainers or menial servants, he will 
give employment to much more labour than if he ex- 
pended it on fine clothes or costly furniture. 

4 * In both cases the net revenue would be the same, 
and so would be the gross revenue, but the former 
would be realized in different commodities. If my re* 
venue were £l 0,000, the same quantity nearly of pro- 
ductive labour would be employed, whether I realized it 
in fine clothes and costly furniture, &c. &c., or in a 
quantity of food and clothing of the same value If, 
however, I realized my revenue in the first set of com- 
modities, no more labour would be consequently em- 
ployed : I should enjoy my furniture and my clothes, and 
there would be an end of them ; but if I realized my 
revalue in food and clothing, and my desire was to em- 
ploy menial servants, all those whom I could so employ 
with my revenue of £10,000, or with the food and 
clothing which it would purchase, would be to be added 
to the former demand for labourers, and this addition 
would take place only because 1 chose this mode of ex- 
pending my revenue. As the labourers, then, are inte- 


rested in the demand for labour, they must naturally de- Political 
sire that as much as possible should be diverted from Econom y, 
expenditure on luxuries, to be expended in the support 
of menial servants. tion. 

“In the same manner & Country engaged in war, and Wage*. " 
which is under the necessity of maintaining large fleets Preference 
and armies, employs a great many more men than will B * rwc * # 
be employed when the war terminates, aud the annual 
expenses which it brings with it cease. 

(l If 1 were not called upon for & tax of £500 during 
the war, which is expended on men in the situations of 
soldiers and sailors, I might probably spend that portion 
of my income on furniture, clothes, books. Ac. Ac., and 
whether it w&9 expended in the one way or the other, 
there would be the same quantity of labour employed in 
production ; for the food and clothing of the soldier and 
sailor would require the same amount of industry to pro- 
duce them as the more luxurious commodities: but, in 
the case of war, there would be the additional demand 
for men as soldiers and sailors ; and. consequently, a 
war which is supported out of the revenue, and not from 
the capital of a Country, is favourable to an increase of 
population. • 

“ At the termination of the war, when part of my re- 
venue reverts to me, and is employed ns before in the 
purchase of wine, furniture, or other luxuries, the popu- 
lation which it before supported, and which the war called 
into existence, will become redundant, and by its 
effect on the rest of the population, and its competition 
with it for employment, will sink the value of wages, 
and very materially deteriorate the condition of the 
labouring classes.” * 

Mr. Ricardo’s theory is, that it is more beneficial to 
the labouring classes to be emplo>ed in the production 
of services than in the production of commodities; that 
it is better for them to be employed in standing behind 
chairs than in making chairs; as soldiers or sailors than 
as manufacturers. Now, as it is clear that the whole 
quantity of commodities provided for the use of labour- 
ers is not increased by the conversion of an artisan into 
a footman or a soldier, either Mr. Ricardo must be wrong, 
or our elementary proposition is false. 

Mr. Ricardo seems to have been led to his conclusions 
by observing that the wages of servants, sailors, and 
soldiers are principally paid in kind' — those of artisans 
in money. He correctly states, that if a man with 
£10,000 a year spends his income in the purchase of 
commodities for his own use, he retains, after having 
made those purchases, no further fund for the mainte- 
nance of labour ; but that if he spends it in the purchase 
of commodities to be employed in maintaining menial 
servants, he has, in those purchased commodities, a 
new fund with which he can maintain a certain number 
of menial servants. It appeured to him, therefore, 
that the landlord would, in the latter case, be able to 
spend his income twice over ; to subsist twice as many 
persons as before. It did not occur to him that the 
landlord, by.purchasing himself the subsistence of his 
servants, merely does for them what they would be able 
to do better for themselves; that, instead of spending 
his own income twice over, he merely takes oil himself 
the business of spending theirs for them. He did not 
perceive that all that the landlord spends in purchasing 
the subsistence and clothing of his servants, is so much 
deducted from what he would otherwise have to pay tQ 

• Principle*, %c, p. 475* 
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them in money, to be by them employed in the purchase 
of subsistence and clothing ; and that if lie were to give 
to his servants the value of their whole subsistence in 
money, the whole body of labourers would he just as well 
maintained as in the supposed case of his purchasing I heir 
subsistence, and then giving it to them in exchange for 
their services. No one would maintain that, if it were the 
general practice, in this Country, as it is in India, to give 
to servants board wages, the demand for labour would 
be lessened ; or that if it were the practice, as it is in semi- 
barbarous Countries, to maintain servants (o produce 
within their masters' walls the commodities which we 
arc accustomed to purchase from shops, such as the 
fine clothes and furniture to which Mr. Ricardo alludes, 
the demand for labour would be increased. Still less 
could it be maintained, that if those servants, instead of 
producing commodities, were employed in following their 
masters person, or mounting guard before his door, such 
a change would create an additional demand for men, 
and be favourable to an increase of population. 

So far are we from concurring in Mr. Ricardo’s opi- 
nion, that it is the interest of the labourers that revenue 
should be spoil* rather on services than on commodities, 
that we believe their interest to be precisely opposite. In 
the first place, the labourer can generally manage letter 
his own income than it can be managed for him by bis 
master. If n domestic servant could earn as wages the 
whole sum which he costs his master, even if he were to 
spend it as lie received it, he would probably spend it with 
more enjoyment. Secondly, the income spent oil services 
is generally spent in the purchase of what perishes at the 
instant of its creation ; that spent on commodities often 
leaves results which, when their first purchaser has done 
with them, are serviceable to others. In this Country 
the poor are, to a great extent, clothed with garments 
originally provided for their superiors. In all the better 
class of cottages may be found articles of furniture which 
never could have been made for their present possess- 
ors. A large portion of the commodities which now 
contribute to the comfort of the labouring classes would 
never have existed if it bad been the fashion in this 
Country, during the Inst fifty years, to prefer retinue and 
attendance to durable commodities. And, thirdly, the 
income employed oil commodities is favourable to the 
creation of both material and immaterial capital ; that 
employed on services is not. The duties of u servant are 
so easily learned, that he can scarcely be termed a skilled 
labourer; his accumulations are small in amount, and 
seldom turned to much advantage. The artisan learns 
a trade, in which every year adds to his skill, and is 
taught mechanicul and chemical processes, often suscep- 
tible of indefinite improvement, and in which a single 
invention may raise the author to wealth, and diffuse 
prosperity over a whole district, or even a whole nation. 
An industrious artisan can often save a large portion of 
his income, and invest it with great and immediate pro- 
fit. He purchases with his savings a small stock of tools 
and materials, and, by the vigilance and activity which 
can be applied only to a small capital, renders every 
portion of it efficient. The ancestors, and not the remote 
ancestors, of some of our richest and our proudest fami- 
lies, the authors of some of our most valuable discoveries, 
were common mechanics. What menial servant lias in 
this Country, and in modern times, been a public bene- 
factor, or even raised himself to affluence ? Roth his- 
tory and observation show that those Countries in which 
expenditure is chiefly employed in the purchase of ser- 
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vices arc poor, and those in which it is chiefly employed Political 
on commodities arc rich. Economy 

Mr. Ricardo's theory as to the effects of war is still 
more strikingly erroneous. It is in the first place, open I . ),stnbu “ 
to all the objections which we. have already opposed to Wages, 
his views respecting menial servants. The revenue 
which is employed in maintaining soldiers and sailors 
would, even if tinprod actively consumed, maintain at 
least an equal number of servants and artisans; and that 
portion of it which would have been employed in the 
maintenance of artisans would (as we have seen) have 
been far more beneficially employed. The demand for 
soldiers and sailors is not, as he terms it, an additional, it 
is merely a substituted, demand. But a great part of 
that revenue would have been productively consumed. 

Instead of employing some labourers in converting sub- 
urbs into fortifications, and forests into navies, to perish 
by dry rot in harbour, or by exposure at sea, and others 
in walking the deck and parading on the rampart, it 
would have employed them in adding more and more 
every year to the fund from which their subsistence is 
derived. War is mischievous to every class in the com- 
munity ; but to none is it such a curse as to the 
labourers. 

We have now explained the principal errors which 
are inconsistent with our elementary proposition, namely, 
that the quaJitity and quality of the. commodities ob- 
tained by each labouring family during the year must 
depend on the quantity and quality of the commodities 
directly or indirectly appropriated during the year to the 
use of the labouring population , compared with the. 
number of labouring families, or, to speak more concisely , 
on the extent of the fund for the maintenance of labour- 
ers, compared with the number of labourers to be main- 
tained. 

On what, then, does tlic extent of that fund depend? 

In the first place, on the productiveness of labour in the 
direct or indirect production of the commodities used by 
the labourer ; and, in the second place, on the number 
of persons directly or indirectly employed in the produf^r 
tion of things for the use of labourers, compared with the 
whole number of labouring families. If we wished' to 
ascertain the comparative wages of the labouring popu- 
lation in two parishes, containing each, we will say, 
twenty-four labouring families, these are the only two 
prints to which we need direct onr inquiries. If we 
found that in the one parish eighteen families, and in the 
other only twelve, were employed in producing commo- 
dities for the whole twenty-four, we should infer that, 
supposing the labour of each to be equally productive, 
wages must be higher by one- fourth in the first than in 
the second. But if we found that in the second parish 
labour was more productive by one-half than in the first, 
we should infer an equality of wages in the two. 

We will begiu by considering the causes w hich Productive- 
affect the productiveness of labour in the direct or la- 

indirect production of the commodities, used by the our * 
labourer. We add the word indirect , not wiili refer- 
ence to the v hole fund which supplies the mainte- 
nance of all the labourers throughout the world, but 
with reference to the fund which supplies the wants of 
the labourers in a particular Country. It consider 
the whole woild a9 forming one community, it is obvious 
that the fund for the subsistence of the labouring por- 
2 e 
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political tion of that community cannot be increased by Hie in- 
Economy. creased production of those commodities which they do 
not use ; by the increased production, for instance, of 
™ nbu - lace or statues. 

Wages. But the fund for the maintenance of the labourers in 

Productive- any gi\en Country may be, and often is. materially de- 
ness of la- pendent on the facility with which they can produce 
h° ur » commodities useless to themselves except as the instru- 
ments of exchange. The tea, the tobacco, and the sugar 
used by our labouring population are principally ob- 
tained in return for exported commodities unfitted for 
our climate and our habits. Blit the superior facility 
with which we produce those exported commodities en- 
ables, or, if legislative interference did not prevent it, 
would enable, our labouring population to obtain tea, 
sugar, and tobacco with less labour than they cost in 
the Countries of which they arc the natural growth. It 
is unimportant to the labourer whether his corn is the 
produce of the soil of England or of Poland ; whether 
it is obtained directly by means of the plough, or indi- 
rectly by means of the loom. 

Oil what then does the first of these two causes, 
namely, the productiveness of labour, depend? 

First. It depends partly on the corporeal, intellectual, 
and moral qualities of the labourer; on his diligence, 
his skill, and his strength of body and mind. And these 
depend on causes, many of which are imperfectly un- 
derstood, and others are too complicated to admit of 
concise explanation, or to be fully considered without en- 
tering into investigations connected indeed with Political 
Economy, but not within its peculiar province. Much 
may depend on race and on climate ; much more de- 
pends on religion, education, and government. One 
cause only we shall slightly dwell on, because it is sim- 
ple, and has not been sufficiently considered by any 
writers except M. Quetelet,* and Sir F. DTvernois,t 
and that is, the mean age of the labouring popula- 
tion. This depends partly on the average duration of 
life in a Country, and partly on the rate at which its 
population is increasing. In England, the average du- 
ration of life is supposed to amount to about forty-four 
years. In many Countries it does not reach thirty-five ; in 
some it does not attain twenty-five. Again, in some 
Countries the population doubles every twenty-five years. 
At the present rate of increase in England it would 
double in about fifty. The average period of its doubling 
throughout Europe is supposed to be about a century. 

Now it is obvious that, the number of persons and the 
Tate of increase in any two Countries being given, that 
Country would have the greater number of adults in 
which the average duration of life was the longer; and, 
the longevity being given, that Country would have the 
greater proportion of adults in which the rate of increase 
was the slower. Longevity, and a population stationary 
or slowly increasing, are therefore favourable to the 
productiveness of labour. 

Secondly. The corporeal, intellectual, and moral 
qualities of the labourer being given, the productiveness 
of labour in any Country will partly depend on the na- 
tural agents by which it is assisted, or, in other words, on 
the climate, soil, situation, and extent in proportion to 
its population, of that Country. 

To some Countries nature has refused the means of 
supporting human life ; to others she has refused the 


• Sar P Homme, tome i. p. 324.1 
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means of wealth. No exertions would enable a com- Political 
munity to exist long on Melville Island, or in the Deserts t notny- 
of Africa, or to exist comfortably in Greenland or Nova 
Zembla. But, though she can deny riches, she cannot u * 
give them. The finest districts in the world are among wagei. 
the poorest. With all the brute and inanimate sources Produetive- 
of affluence profusely scattered before them, the inhabit- aess ofla- 
ants of the greater part of Africa, America, and Asia bour * 
want the moral and intellectual qualities by which the 
raw materials of wealth are to be worked up. Even 
the Iceland ersseem to be richer than the Guaehos. But, 
although local advantages are far from being the most 
efficient causes of the productiveness of labour, their in- 
fluence must not be disregarded. They have enabled the 
colonies of highly civilized nations to advance to opu- 
lence with a rapidity of which we have no other ex- 
ample. 

* Thirdly. The productiveness of labour partly depends 
on the degree in which it is assisted by abstinence, or, to 
use a more familiar expression, by the use of capitnl. 

We have already explained the advantages afforded 
by capital, and traced them to the use of implements 
and the division of labour, and need tonly remind our 
readers that, of all means by which labour c&n'be ren- 
dered productive, the use of capital is far the most effi- 
cient. Without tools, and without the division of em- 
ployments, man would be an animal less capable of ob- 
taining enjoyment, or even subsistence, than the brutes 
of the field. 

Fourthly. The last of 'the causes which influence the 
productiveness of labour is the existence or the absence 
of government interference. 

The essential business of government is to afford de- 
fence ; to protect the community against foreign and 
domestic violence and fraud. Unfortunately, however, 
governments have generally supposed it to be their duty, 
not merely to give security but wealth ; not merely to 
enable their subjects to produce and enjoy in safety, but 
to teach them what to produce and how to enjoy ; to give 
them instruction how to manage their own concerns, 
and to force them to obey that instruction. 

Unfortunately, too, the ignorance and folly with which 
they have attempted to execute this office hove been 
equal to the ignorance and folly which led them to 
undertake it. Partly under the influence of what has 
been called the mercantile theory, the theory which 
teaches that wealth consists of gold and silver, and'may 
be indefinitely increased by exporting com mewl i ties, and 
receiving only money in return; and partly misled by the 
circumstance, that when an individual, or a class, obtains 
a monopoly against the public, the loss, however great, 
becomes imperceptible from its diffusion, and the gain, 
however trifling, is obvious, because it is concentrated, it 
has long been the ruling principle of commercial states- 
men to favour direct at the expense of indirect production ; 
to refuse participation in the benefits bestowed by nature 
on foreign Countries, though at the expense of surren- 
dering a povtion of what she has conferred on their own ; 
and to force the industry of their subjects from those chan- 
nels in which they have peculiar advantages, into those 
for which their climate, their habits, and their soil are 
inappropriate. 

It is under the influence of these causes that the 
civilized world has lately exhibited the strange spectacle 
of general peace accompanied by general distress. 

During the War, the greater part «f Southern Europe 
had coalesced into one vast Empire ; a single Sovereign 
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Political ruled from Hamburgh" to Rome; and hundreds of 
Eooooniy. ij ncs 0 f custom- houses and revenue-officers, that had 
previously interposed against commerce barriers’ more 
tion. U " impassable than seas or mountains, were swept away. 
Wages. Napoleon was deeply steeped in the mercantile theory. 
Productive- and his conduct shows how completely his. views were 
ness of la- founded on unreflecting prejudice. In obedience to that 
f)0ur * theory, he believed free trade between independent Slates 
to be like gambling between individuals, and therefore 
mischievous to the one or to the other; mischievous in 
fact to the one which, in the ultimate settling of accounts, 
had to pay a balance in money. While France and 
Italy were under different rulers, he therefore must have 
believed that the inhabitants of one of the two Countries 
would be injured by being allowed to purchase the 
commodities of the other. >But the framers of the 
mercantile theory, blind as they were, had never ven- 
tured to object to the freest intercourse between the 
inhabitants of contiguous districts in the same Em- 
pire. When he had forced under his yoke Belgium 
and F ranee, he allowed them therefore a freedom of 
intercourse which he still prohibited between France 
and Austria; tatally forgetting that the benefit of an 
exchange does not depend on the accident, whether the 
parties to it are, or are not, fellow-subjects. His theories 
were servile copies of errors unhappily too prevalent, 
mid faded away before his strong common sense on the 
slightest variation of appearances, though the facts on 
width the question turns were unaltered. 

On the termination of the War, Napoleon's Empire 
was broken up into independent Kingdoms, and each 
State set to work to reimpose on itself the fetters which 
his powerful huitd had broken. Douaniers and pre- 
ventive-service men were found instruments as efficient 
in wasting the resources of their own Country, and in 
arresting the improvement of their neighbours, as armies 
and fleets. The produce of France became contraband 
in Belgium and Iluly, and the produce of Belgium and 
Italy in France. America solemnized the Peace by a 
tarilf, and Englund by a com law. To prohibit what- 
ever is wanted became again the rule in commercial 
policy. Russia is an agricultural Country ; she there- 
fore forbad the import of foreign manufactures. Eng- 
land is abundantly supplied with manufactures, she 
therefore prohibited corn. 

We are inclined to think that the conduct of Russia was 
practically more mischievous than that of Engluud. She 
has adhered to the anti-commercial system with far 
more pertiuacity than we have ; indeed, every change 
which she has made, has been to udd to duties, and to 
extend prohibitions. But the objections in principle 
against the exclusion of raw produce seem to us still 
more forcible than those against the exclusion of manu- 
factures. In the first place, the consumption of the 
labourer consists principally of raw produce, or slightly 
worked commodities. No restrictions on the importa- 
tion of the finer manufactures can alfect him, But laws 
against the importation of raw produce are specifically 
directed against the labouring population. Their pro- 
fessed object is to’diminish, in fact, the principal fund for 
the maintenance of labour. And, secondly, when an 
agricultural Country prohibits foreign manufactures, the 
labourer is, to a certain extent, indemnified by u conse- 
quent fall in the price of raw produce. On the other 
hand, when a manufacturing Country prohibits the im- 
portation of row produce, the price of all commodities, 
excepting labour, has a tendency to increase, and the 


labourer finds it more difficult to obtain every article of Political 
his consumption. Economy 

This may require some explanation. We have already v 
shown, that every additional quantity of raw produce is Bintribu- 
generally speaking, obtained at a greater proportional !L on ' - 
expense. To prohibit the importation of manufactures Productiva- 
is, of course, to prohibit the exportation of the raw pro- ness ofl*- 
duce, which otherwise would have been employed iu pur- hour, 
chasing them. As a smaller quantity of raw produce is 
wanted, a smaller quantity is produced, and that quantity 
is produced at a less proportionate expense; labour, 
though less productive in clothes and furniture, becomes 
more productive in raw produce ; the price of raw produce, 
therefore, falls, and the labourer, in having less to pay for 
food, obtains some compensation for having more to pay 
for other commodities. The greater part of the evil falls on 
the proprietors of the land. On the contrary, every addi- 
tional quantity of manufactured produce is obtained, so 
far as the manufacturing of it is concerned, at a less pro- 
portionate expense. Every increase of the supply is 
accompanied by the introduction of more and better 
machinery, and hy a further division of labour. As in 
the former case, restrictions on the importation of raw* 
produce are, in fact, restrictions on the exportation of 
manufactures. Fewer manufactured commodities being 
wanted, and consequently fewer produced, what are 
produced are produced at the expense of proportionately 
more labour than would otherwise be necessary. More 
raw produce must be raised at home, and that also must 
be raised at a greater proportionate expense of labour. 

The price of the one kitid of commodities rises, because 
it has become necessary to produce more, and that of 
the other, because it has become necessary to produce 
less. The productiveness of labour is diminished each 
way, and the only person uninjured is the landlord. _ 

To a certain extent, however, the misdirection of indus- 
try by government interference is a necessary evil. The 
dutiesof government cannot be performed without a public 
revenue ; nor can a considerable public revenue be raised 
without taxation; and the struggle to escape taxation 
always tends to divert industry from its natural channels. 

The tax which is least open to this objection, a tax on rent, 
must tend to prevent the application of capital to land; 
a tax on profits to occasion the exportation of capital ; 
a tax on income derived from property to prevent accu- 
mulation ; a tax on wages to occasion their payment 
rather in kind than in money, and to prevent the labourer 
from acquiring durable and visible property in the hope 
of pleading his poverty as an excuse. Taxes on specific 
articles are evaded by the substitution of some less bur- 
dened or cheaper commodity. The beer and malt 
duties are avoided by the substitution of spirits. The 
duties ou tea and coffee by the use of roasted corn. 

Now, every tax, so far a9 it is evaded, is simply mis- 
chievous. A window blocked up to avoid window tax 
may diminish the light and air enjoyed by a whole 
family, but adds nothing to the public revenue. A dis- 
tinct and a still greater injury arises from taxation im- 
posed on the instruments and processes of industry 
The salt tax, while it existed, prevented in a great 
measure the use of salt in agriculture. The duty on 
advertisements prevents vendors and purchasers from 
knowing each other's wants and supplies. I he duties 
on leather, on spirits, and on glass, have not only pre 
vented England from attaining, iu the manufacture of 
those commodities, her usual superiority, but have kepi 
her positively behind the improved part o t Euiope. lo 
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Political prevent fraud on the Excise, the manufacturer is subject 
Economy. to innumerable regulations and prohibitions incompati- 
ble with a proper economy of materials and division of 
labour, and which bend very reluctantly to improve- 
ments. To improve is necessarily to alter, and any 
alteration in the process prescribed by law may entangle 
tiveneu of the manufacturer within the meshes of a regulating Act 
labour. 0 f p ar li am ent. 

It is commonly supposed that men are sufficiently 
ready to grumble at taxation ; but the fact that they are 
very imperfectly aware of the degree and kind of evil 
indirectly inflicted might be proved from many instances. 
To select only one. Most persons are aware of the far 
higher price borne by good malting barley above the 
ordinary barley used only for feeding stock ; nor can 
any one doubt that the price of beer is materially en- 
hanced by this circumstance. But, probably, not one 
consumer in ten thousand has any idea that this is 
connected with taxation. Yet, in fact, a large propor- 
tion of the barley set aside as unfit for malting would 
make, as far as nature is concerned, very good malt, but 
requires a process somewhat different from thut which 
the Excise regulations prescribe, and is consequently ren- 
dered by law useless for that purpose. It may easily be 
conceived that, if the times and mode of ploughing, 
harrowing, and sowing were prescribed by law, a large 
portion of land now productive would lie waste. 

A Country which has been forced by the folly or the 
rapacity of its own government, or by the folly or ra- 
pacity of other States, to raise a large public revenue, 
suffers in general far more from the indirect than from 
the direct effects of taxation ; suffers more by being pre- 
vented from producing, than by being obliged to pay. 

The causes which determine the productiveness of 
labour iu the direct or indirect production o! the com- 
modities used by the labourer appear, therefore, to be 
four. First, the personal character of the labourer, 
his corporeal. Intellectual, and moral qualities ; secondly, 
the degree in which he is assisted by natural agents ; 
thirdly, the degree in which he is assisted by capital ; 
fourthly, the degree of freedom with which he is allowed 
to direct his industry. 


Proportion of Persons employed in the Production of 

Commodities for the Use of Labourers to the whole 

Number of Labouring Families . 

If all labourers were employed in the production, 
direct or indirect, of commodities for their own use, the 
rate of wages would depend solely on'the productiveness 
of labour. But it is obvious that this could never be 
the case, unless the labourers themselves were the 
owners of all the capital and all the natural agents of 
the country; a state of existence so utterly bar- 
barous as to be without distinction of ranks or division 
of labour; a state in which a few scattered savage fami- 
lies have sometimes been found, but which exhibits 
none of the phenomena which it is the business of Poli- 
tical Economy to trace to their causes. A great portion 
of the labour employed in a civilized community is em- 
ployed in the production of things in the use of which 
the labourer is not to participate. In a civilized com- 
munity, therefore, the extent of the fund for the mainte- 
nance of labour depends not only on the productiveness 
of labour, but also on the number of persons employed 
in the production of things for the use of labourers, com- 
pared with the whole number of labouring families. 


It appears to us that there are three purposes to Pettiest 
which labour, which might otherwise be employed in ^* nom y^ 
supplying the fund for the use of labourers, may be di- pj >tr j bu- 
verted; namely, the production of things, first, to'be t j on# 
used by the proprietors of natural agents ; secondly, to Wages, 
be used by the government; and thirdly, to be used Direction of 
by capitalists ; or, to speak more concisely, though less 
correctly, labour, instead of being employed in the pro- 
duction of wages, may be employed in the production of 
rent, .taxation, or profit. 

First, with respect to rent. Direction of 

We have already seen that rent depends in part on labour, 
the'prodiictiveness of the natural agent for the assistance 1* To rent ' 
of which it is paid. Now any increase in the produc- 
tive powers of that agent lias a tendency to increase 
rent, and can have none to diminish wages. 

The improvements in agricultural skill which have 
taken place during the last one hundred years have 
greatly increased the productiveness of the Rowlands of 
Scotland, and greatly increased the amount of rent; 
hut that increase has been accompanied by au increase, 
though not in an cquat ratio, of the amount of wages. 

Adam Smith states, that at the time tlhen he wrote 
(the period of the American War) the usual price of 
common labour there was 8 d. a day, or 4*. a week. It 
is now more than 8.?. a week ; a sum capable of pur- 
chasing one-third more of raw produce, and three or 
four times as much of manufactured produce, as the 
former wages. Though the rental of the Lowlands has 
more than tripled, though a much larger portion of what 
the labourer produces is produced for the benefit of the 
landlord, yet the positive increase of the whole produce 
more than compensates this apparent inconvenience. 

Instead of producing, we will say, twenty bushels, of 
which the landlord received ten, the capitalist two, and 
the labourer eight, he produces perhaps thirty-five, of 
which the landlord receives twenty, the capitalist three, 
and the labourer twelve. 

It appears, therefore, that the whole fund for the 
maintenance of labour is not necessarily diminished in 
consequence of a considerable portion of the labourers in 
a Country being emptoyed in producing commodities 
for the use of the proprietors ot the natural agents in 
that Country. Such labourers may, in fact, be consi- 
dered as existing only in consequence of the existence 
of natural agents of extraordinary productiveness. They 
draw their subsistence not from the common fund, such 
as it otherwise would be, but from the addition made to 
that fund by that extraordinary productiveness. 

Of course, when we speak of the amount of rent as 
unimportant to the labourer, we must be understood to 
mean only that rent which arises from the peculiar or 
increased productiveness of the natural agent in question, 
not of that which arises merely from an increase of popu- . 
lation. We have already stated that, in the absence of 
disturbing causes, subsistence maybe expected to in- 
crease in a greater ratio than population. But, as we 
then remarked) it certuinly is possible, and perhaps, 
tinder the influence of superstition and misgoverninent, 
it is probable, that the number of inhabitants in a Country 
might increase without a commensurate increase of the 
means, direct or iudirect, of obtaining raw produce. 

Under such circumstances, rents would rise, aud labour, 
which, if the population hud remained stationary, would 
have been employed in the production of commodities 
for the use of labourers, would now be employed in 
producing commodities for the use of landlords. A 
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Political rise of rent so occasioned would of course be detri- 
Sconomy. mental to the mass of the community. It must be recol- 
lected, also, that the government of every Country has 
lion.”” 11 " * n 80nM5 H 1 ®* l8Hre the power of deciding in what pro- 
Wagca. portions the different classes of its subjects shall contri- 
Direction bute to the public burdens. Some governments have 
of labour attempted to exempt, as far as they could, the labourers 
consume- ^ roin ^ esc burdens, and to throw them as far as they 
tion of go- could upon the landlords. Others again have charged, 
verument. or have allowed individuals to charge, the revenue arising 
from land with an expenditure for purposes in which the 
landlordsjwere not solely or principally interested ; such 
. as the establishment and maintenance of roads and 
bridges* the supply of religious, moral, and intellectual 
instruction, the affording gratuitous medical relief to the 
sick, and even support to the able-bodied poor or their 
families. Others, on the other hand, have endeavoured 
to favour the landlords by imposing public expenditure 
on the more defenceless portion of the community, the 
labourers ; and many have adopted each of these dif- 
ferent lines of conduct on different occasions, or with 
respect to different portions of their expenditure. The 
tendency of every such institution must be to augment 
or diminish the proportion of the labourers employed for 
the benefit of landlords, compared with that of those who 
are employed for the benefit of labourers. 

Another cause distu rbing these proport ions is the attempt 
by a government to create rent, if it can be called rent, 
by forcibly limiting the bounty of nature. It is possible 
that, if we had continued to prohibit the corn of Ireland, 
the incomes of English landlords might have been in- 
creased. So, if no coal were allowed to be burned except 
the produce of a single colliery, the possessor of that 
colliery would enjoy a princely revenue. But the gain 
from such a monopoly is not strictly rent ; it is oppression 
and robbery. 

2. Direction The second purpose to which labour may be diverted 
■ii ^° l the° ^ rom su PPty commodities for the use of labourers 
consump - 0 is the supply of the consumption of government. It 
tion of go- is clear that all the labour that is employed in the sup- 
verument. port of unnecessary establishments, and all the surplus 
labour which is employed in supporting on an unne- 
cessary scale of expense those establishments which are 
strictly wanted, is so much taken from the revenue of the 
whole people. Still more injurious is the employment 
of labour for the purposes not merely useless, but posi- 
tively mischievous ; in the support of pagodas or bonzes, 
to keep up or disseminate a demoralizing superstition ; 
in the support of armies and navies to plunder the com- 
merce and ravage the territories of States, which nature 
enabled to confer mutual benefits, but the folly or wicked- 
ness of their rulers force to inflict mutual evil ; or in the 
support of barriers and blockades to maintain the com- 
mercial war in which nations are accustomed to spend 
the breathing time of actual hostility. Unnecessary 
taxation, even when innocently applied, is fraud or rob- 
bery. It is difficult to find a designation fqr that which 
is applied to ends still more mischievous than the means; 
for. that which makes plunder and extortion the instru- 
ments of still further injury. 

It appears at first sight that only this mischievous or 
useless expenditure ought to be considered as a deduction 
from wages, since the labour which is employed in effect- 
ing the legitimate purposes of government is os much 
employed for the benefit of the labouring classes as that 


which is employed in the direct production of commodities Political 
for their use. The great object of government is to afford Economy* 
security, and security is of all blessings the most iin- v 
portant, and the one least capable of being obtained by 
uncombined exertions. Those writers who have main- 
tained that whatever is raised by taxation is deducted Dilution of 
from the revenue of the Country, seem to have been labour to 
led to this conclusion, by observing that the object of 811 ! 1 ^ 1 * 1 ® 
government is to occasion not positive but negative 
effects, not to produce good, but to prevent evil. And verament 
they have thought it right to deduct what is so spent 
from the net revenue of the people. But it a must be 
recollected that the mere prevention of evil is one of the 
principal objects even of individual expenditure. We 
do not build houses because it is pleasant to breathe the 
confined atmosphere of a room, but because roofs and 
walls are the only means by which the inclemency of 
the seasons can be avoided. We do not buy drugs for 
our pleasure, but to avert or remove disease. Yet no 
one ever thought what he spends on medicines and on 
house rent a deduction from his income. When the 
members of a Friendly Society raise among themselves 
a fund for their relief in sickness, they do not consider 
their contributions a deduction from their wages, but a 
mode of expenditure. And it may be asked, in what 
respect does each man's contribution towards the means 
by which the community is to be protected against 
internal and external violence and fraud differ from his 
contribution to a Friendly Society, excepting that those 
evils are more severe and more constantly imminent 
than sickness, and less capable of being warded off by 
individual efforts ? It is true that, if the protection could 
be less expensively obtained, the fund for the mainte- 
nance of labour would be increased. But this is merely 
ail exemplification of what we have already stated, that 
the extent of the fund for the maintenance of labour 
depends mainly on the productiveness of labour. If fewer 
fleets, and armies, and magistrates, could preserve the 
peace, that is, if labour were more productive in affording 
security, the labouring clascs would, caleris paribus , be 
better off, just as they would be better off if fewer hus- 
bandmen or artisans could produce, directly or indirectly, 
the same quantity of corn ; that is, if labour were more 
productive in supplying food. 

But admitting all this to be true, it is also true, as we 
have already remarked, that the labourer is interested 
not only in the amount and application of the public 
revenue, and in the degree in which its payment affects 
the productiveness of labour, but also in the manner in 
which the burthen of supplying it is distributed. If the 
duty on wine were abolished, and an equal revenue 
raised by substituting an additional duty on coarse to- 
bacco, the labourers, who are the only consumers of 
coarse tobacco, would purchase, with the same propor- 
tion of their wages, less tobacco than before, und the 
landlords and capitalists, who are the only consumers of 
wine, would purchase, with the same proportions of their 
rents and profits, more wine. The productiveness of 
our labour and the export of our manufactures would 
be undiminished ; even the nature of our exports need 
not be altered ; the only change wculd be in the returns. 

More wine and less tobacco would be imported. More 
labourers, therefore, than before would be employed in 
obtaining wine for landlords and capitalists, an ^ ^wer 
in obtaining tobacco for labourers. 

Nor must it be forgotten that a part ot the taxes 
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Political received by the government of one Country is often paid 
Economy. by inhabitants of another. We now purchase an- 
Piriribu- nua Ny in China about thiity millions of pounds of tea, at 
|-^ n# about Iff. a pound. On the tea so purchased we impose 
Wages and in different ways taxes to the amount of about two hun- 
Erofiii» dred per cent Were we to repeal that taxation, and 
the price in China were to remain unaltered, our con* 
sumption would probably quadruple ; but it is highly 
improbable that we could purchase one huudred and 
twenty millions of pounds of tea at Iff. a pound. The 
price in China might possibly double ; it probably would 
rise one*half. That rise would have a tendency to raise 
the rent of land and the wages of lubour in the tea* 
growing districts of China. It must be admitted, there* 
fbre, that they are both kept down by the existence 
of the tax ; and that a portion of our duty on tea is, in 
fact, paid by the inhabitants of the tea-growing districts 
of China. The same reasoning proves that a part of 
the English duty on claret is paid by Fiance, and that 
a part of the duties imposed by foreign nations on some 
of the commodities which we export, is paid by Eng- 
land. As a portion of the taxes raised by every State 
is, in fact, paid by the inhabitants of those Countries 
with which it has commercial relations, and as war and 
misgovernment are the great causes of taxation, an 
additional proof is afforded of the degree in which each 
Country is interested in the freedom and tranquillity of 
its neighbours. 

We have lastly to consider the influence of profits on 
wages; or, in other words, the extent to which wages 
may be affected by the employment of labour to produce, 
instead of wages, things for the use of capitalists. In 
civilized and well-governed communities, this is the prin- 
cipal purpose to which labour, that otherwise might be 
employed for the benefit of the labourers, is diverted. 
The labourers who ore employed for the benefit of the 
owners of natural agents may, as we have seen, be in 
general considered as a separate class, not withdrawn 
from the general body, but added to it by the existence 
of those natural agents. Those who are necessarily em- 
ployed in effecting the legitimate purposes of govern- 
ment are, in fact, employed for the benefit of the labour- 
ing population, and the taxation which supplies their 
maintenance is not necessarily a deduction from wages, 
but a mode of expenditure. That few governments have 
confined themselves to their legitimate office, or em- 
ployed in effecting that office only the necessury amount 
oflabour, is a melancholy truth; and it is true that the 
fund for the maintenance of labour may he, and in most 
Countries has been, and is, more diminished in its amount, 
avid more retarded in its increase, by misgovernment 
than by all other causes put together. But both mis- 
government and that interference of the ruling power 
between the different classes of its subjects which wc 
have ulreudy described as affecting the proportions of 
rent, profit, and wages to one another, are rather disturb- 
ing causes than necessary elements in the calculations of 
Political Economy ; and with these allusions to their in- 
fluence we shall dismiss them. 

Influence Ilent then being considered as something extrinsic, 
of profit on anf j taxation a mode of expenditure, the only remaining 
wa tf C9 ’ deduction from wages is profit. And the productive- 
ness of labour being given, the extent of the fund for 
the maintenance of labour will depend on the pro- 
portion which the number of labourers employed in 
producing things for the use of capitalists bears to that 


of those employed in producing things for the use of 
labourers ; or, to use a more common expression, on the 
proportions in which the produce of lubour is shared 
between the capitalist and the labourer. tion. 

In a previous portion of this Treatise we defined the Wages and 
word “abstinence" to mean the conduct ofhim whoab- profit* 
stains from the unproductive consumption of any commo- 
dity, or w ho employs labour to produce distant results. In 
fact, the act of deferring enjoyment. And we explained that 
lalxmr cannot be efficient unless assisted by, what is the re- 
sult of abstinence, capital; nor abstinence in itself efficient 
unless assisted by labour ; that each is disagreeable, and 
must therefore be culled into exertion by the prospect of 
its specific remuneration; abstinence by the hope of 
profit, and labour by the hope of wages : and we stated, 
that although in fact the same individual often under- 
goes both abstinence and lubour, yet that we thought 
it more convenient to consider the capitalist and the 
labourer as different persons. In the absence of rent, 
and of unnecessary or unequally distributed taxation, it 
is between these two classes that all that is produced 
is divided ; and the question now to be considered is, 
what decides the proportion of the shares ? 

The facts which decide in what proportions the capi- 
talist and labourer share the common fund appear to be 
two : first, the general rate of profit in the Country on the 
advance of capital for a given period ; and, secondly, the 
period which in each particular ense has elapsed between 
the advance of tiie capital and the receipt of the profit. 

First, as to the general rate of profit. We have seen funeral 
that profit is the remuneration of abstinence, and that rate of pro- 
abstinence is the deferring of enjoyment. The coinino- 
dity which owes its existence or its preservation to ab- 
stinence is capital. Its owner is termed a capitalist, and 
he is said to advance the means by which it is created or 
preserved. These means are partly materials and im- 
plements, (including, under the last term, not merely 
the ordinary tools of manual labour, but machinery, 
ships, aud even mads, wharfs, and canals,) and partly 
labour. The materials aud implements arc supplied by 
the capitalist directly, the labour is supplied by him 
indirectly, by advancing the wages of the labourers. 

The labourers, aided by their implements, convert the 
materials into a new and vendible commodity, which is 
termed the return of the capitalist. And the capitalist's 
profit depends on the difference between the value of 
the udvance and the value of the return. In producing 
the return, the wages and materials are necessarily con- 
sumed ; tbey*are parted with by the capitalist, and there- 
fore termed circulating capital. The implements are 
nut necessarily consumed ; so far us they are uncon- 
fi timed they remain the property of the % capitalist, and 
are therefore termed fixed capital. The value of that 
portion of them which remains unconsiimed must be 
added to that of the other returns before the profit can 
be estimated. The capital of a builder is almost entirely 
circulating. It consists principally of the bricks, lime, 
timber, stono, and slate which are the materials with 
which the house is to be constructed, and of the money 
necessary to pay the wages of the workmen. His fixed 
capital (exclusively of his knowledge) consists merely of 
scaffolding and ladders. All these he advances, and the 
result, after a certain interval, is a house, together with 
the former ladders ami scaffolding somewhat the worse 
tor wear. The cotton-spinner’s advances consist of raw 
cotton and wages, which are his circulating capita), and 
buildings und machinery, which are his fixed capital. 
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Political His returns are a certain quantity of manufactured cotton. 
Economy. am l the old buildings and machinery. So a ship-owner's 
* J advances consist of his ship, which is his fixed capital, and 

of its stores, and the wages of his sailors, which arc his 
Wages and circulating capital ; his returns are his freight, or, in 
profits. other words, the hire which he receives for the use of 

General his ship, the ship itself, such as it may be, after the voy- 

rate of piu- aiK j the stores, if any of them remain unconsumed. 

* The profit in every case consists, as we have already 

Stated, of the difference between the value of the ad- 
vances and the value of the returns. 

How to be But j n w hat is this value to be estimated ? Of course 
estimated, | n some thjng as unsusceptible as possible of variations 
in its general value. If the value of the advances and 
returns of the capitalist were estimated in corn or in 
hops, an abundant season might so reduce the value of 
either as to make him appear a gainer when in fact a 
loser. His returns might be worth twenty per cent, 
more of corn or hops than his advances, and yet be in- 
ferior in general value. The commodity least susceptible 
of variation in its general value, during short periods, is 
money ; and partly from this circumstance, and partly 
from its genera? use as a measure of value, it is the 
medium in which calculations of profit are usually 
expressed. But, if considerable periods are to be taken, 
even money is subject to great variations, and any sudden 
change in the facility of obtaining it, arising from an in- 
creased fertility of the mines, or an increased productive- 
ness of labour, or an abuse of banking or paper cur- 
rency, or from similar causes operating in an opposite 
direction, may materially raise or depress the general 
value of money in any one Country, even during short 
periods. 

The best standard of value for philosophical purposes 
appears to be the command of lnbour. In the first 
place, labour, next to money, is the principal subject of 
exchange. And, in the second place, labour, as the 
principal instrument of production, as the only instru- 
ment that can be employed at will in the creation of 
whatever is most wanted, varies less in its general value 
than any other article of exchange. Money, and the 
necessaries of life which approach nearest to it, derive in 
part their steadiness of value from their constant power of 
commanding labour, a power belonging to no other 
commodity. Estimated indeed in one class of objects, 
and it is the class most coveted by man, we mean power 
and pre-eminence, the value of the command of labour 
is almost invariable. Two persons who, at different times 
or in different places, can each command the labour of one 
thousand average labourers, may indeed enjoy in very dif- 
ferent degrees the comforts and conveniences of life ; but 
in power aud pre-eminence in their respective Countries 
they must be nearly on a par. Each must be one 
man in a thousand. Each must he n thousand times 
richer thun the mass of his countrymen. If two shil- 
lings in Hindostan will command as many labourers as 
twenty in England, a Hindoo with i?3000 a year is, 
generally speaking, as great a man in Hiadostan as an 
Englishman with .£'30,000 a year in England. 

Philosophically, therefore, we think that the value of 
the capitalist’s advances and returns ought to be esti- 
mated in their command of labour; popularly, their 
value is estimated in money; and, as the reciprocal 
values of money and labour seldom vary much between 
the times of those advances and returns, the popular 
mode of estimation is seldom incorrect ; and we shall 
therefore use both indifferently. 
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The great difficulty ot the subject arises from the cir- Ml final 
cumstance, that the rate of profit is not the subject of 
contract, but of experiment, and cannot be ascertained 
even by an individual, except as to his pan oneration?. 

While a transaction is going on, the capitalist may hope Wages tad 
that the value of the returns will exceed the value of the profit*, 
advances ; he may hope that the excess will be consi- Causes re- 
derable ; but he cannot be certain that there will be any K“J atin B 
excess at all ; that there will not he a positive loss; He profit 
may say what his profit has been, but not what it i*. 
Frequently, indeed, lie cannot say what it has been. A 
whole series of mercantile or manufacturing transactions 
may be so linked together that, after having been appa- 
rently profitable for years, they may terminate in ruin. 

If, however, we could ascertain the value of the re- 
turns in all the transactions in this Country which were 
concluded in the year ending yesterday ; and also could 
ascertain what was the value of the advances, and the 
average time for which those advances were made before 
the returns were received, we should know what was the 
average rate of profit in this Country during the last 
year. Suppose this point ascertained, and the result to 
be, that the average rate of profit on an advance of ca- 
pital for a year was in this Country during the last year 
ten per cent., the question recurs, what were the causes 
which determined it to be ten per cent, rather than five 
per cent, or twenty per cent. ? 

It appears to us that it must have depended princi- 
pally on the previous conduct of the capitalists and of the 
labourers of this Country ; on the value of the capital 
which at some previous period was appropriated by the 
capitalists to produce commodities for the use of labourers, 
or, to use a more concise expression, to produce wages ; 
and the number of labourers whom the previous con- 
duct of the labouring population had caused to exist. 

It will be admitted that, in the absence of disturb- 
ing causes, the rate of profit in all employments of 
capital is equal. If we can ascertain, therefore, what are 
the causes which regulate the rate of profit in any one of 
the main employments of capital, we may infer that, in the 
absence of peculiar disturbance, either the same causes, 
or, causes of equal force, occasion it to be the same in 
all others We will inquire, therefore, into the causes Causes re- 
which regulate the rate of profit in one of the main em- gulatingtlie 
ployments of capital, — the advance of wages to the r ^ tc of l ,r0 ' 
labourers who are themselves employed in producing 1 * 
wages, it sin i* the ward washes to signify commodities for 
the. use of the labouring population . 

To simplify the question, we will suppose a small 
colony settled in a district where there is abundant** of 
fertile land, and protected by situation and character 
from external and internal violence, so that neither rent 


nor taxation need be supposed to exist : we will sup- 
pose it to be inhabited by ten capitalists and one thou- 
sand two hundred labouring families; that the 
of money is unknown ; that all the buildings, the 
clothes, the furniture, and the food, in fact, the whole 
consumption of the people, is consumed in one year 
and reproduced in the next ; that each family receives 
its wages for the year on the first day of the year, and 
completes its production on the last day, so that all the 
advances are nade on the first daj of the year, ami all 
the returns received on the last duv ; and that, at the 
time when the situation of the colony was first noticed, 
each capitalist had in his possession wages lor one hun- 
dred and twenty families during a year, the produce ot 
the labour of one hundred families during the previous 
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Political year, (being his capital, and which, to reduce it to one 
Bc onom y. denomination, we will call one thousand ‘quarters of 
Distribu- corn ^ an< ^ COIT,mof hties for his own use, which we will 
tion. Cft N twenty casks of wine, the produce of the labour of 
Wages and twenty families during the previous year; (being the 
profits. stock reserved for hi9 own consumption.) 

Under such circumstances, if each capitalist should 
the rate of cm pl°y h' s capital in setting one hundred families to 
profit work to reproduce wages, and twenty more to reproduce 
commodities for his own use, and the labouring popula- 
tion should neither increase nor diminish, the rate of 
profit would remain stationary at twenty per cent, per 
annum. The advances every year would be one thou- 
sand quarters of corn, being wages produced by the 
labour of one hundred families, and commanding the 
labour of one hundred and twenty; the returns would 
he a stock of wages commanding the labour of one hun- 
dred and twenty families during the next year, which 
would be, in fact, a reproduction of the previous capital 
of one thousand quarters, and also a stock of commo- 
dities for the capitalist's own use, produced by one-sixth 
of the labour employed in reproducing the capital, and 
therefore one-sixth of the value of the capital. The 
value of the returns on an advance of capital for a year 
would exceed the value of the advances by one-sixth. 
The rate of profit therefore would, as we said before, re- 
main stationary at twenty per cent, per annum. And 
five-sixths of the labourers would be employed in pro- 
ducing commodities for their own use, and one-sixth in 
producing commodities for the use of the capitalists. 

We will now consider the effects of any alteration in 
the proportion of capital to labour. Suppose that emi- 
gration or an unhealthy season should diminish by fifty 
the number of labouring families : each capitalist would 
have the same capital ; consisting of wages produced by 
the labour of one hundred families during the year, and 
which we have called one thousand quarters of corn : but 
the number of labourers being diminished by onc-twenty- 
fourth, instead of commanding the labour of one hun- 
dred and twenty families, they would command the 
labourof only one hundred and fifteen. The one thousand 
quarters of corn would be divided among one hundred and 
fifteen families instead of among one hundred and 
twenty, and the capitalist would get only fifteen casks of 
wine during the subsequent year instead of twenty. To 
take the converse: if immigration or an increase of 
population should have increased the number of labourers 
by fifty, each capitalist, instead of one hundred and twenty 
families, would be able to command the labour of one 
hundred and twenty-five. The one thousand quarters 
would be divided among one hundred and twenty-five 
families, instead of among one hundred and twenty, and 
the capitalist might employ twenty- five families to pro- 
duce wine for himself instead of twenty. I n the one case, 
profits rise from twenty to about twenty-five per cent. ; 
in the other, they fall to about fifteen. On the other 
hand, if we suppose the labouring population to remain 
stationary at one thousand two hundred families, but 
the capitalists, instead of employing each one hundred 
families in the production of wages, and twenty in the 
production of profits, to employ each one hundred and five 
in the production of wages, each capitalist would at the 
end of the year have a capital of one thousand and fifty 
quarters produced by the labour of one hundred and five 
families, and commanding the labour of one hundred 
and twenty; or if they each employed in the production 
of wages only ninety- five families, and in the production 


of profits twenty-five, each would have at the end of the Political 
year a capital of nine hundred and fifty quarters, pro- Economy. 
duced by the labour of ninety-five families, and com- 
manding the labour of one hundred and twenty. Profits 
would fall in the first instance from twenty per cent, to Wages and 
less than fifteen ; in the second, they would rise to more profits, 
than twenty-five. If, however, the increase of the num- Causes us- 
her of labourers employed in the production of wages {^c^atifof 
should be uccompauicd by u proportionate increase in p ro fp. 
the whole number of labourers; or if, when the number 
of labourers employed in the production of wages was 
diminished, the whole number of labourers should be 
diminished in proportion ; or, in other words, if the 
proportion of capital to labour remained unaltered, the 
rate of profit would be also unaltered. If each were in- 
creased, or each diminished, but in different proportions, 
profits would rise or fall according to the relative vari- 
ations in the supply of wages and labour. 

It appears, therefore, that, under the most simple 
state of circumstances, the rate of profits depends, as 
we said before, on the previous conduct of the capi- 
talists and the labourers in a Country. 

In this hypothesis we have supposed nil the capitalists 
to act together. And as every permanent increase of 
capital while the number of labourers remained the 
sume would, under the supposed circumstances, occasion 
a proportionate diminution of flic rate of profit, it never 
could be the interest of the capitalists, as a body, to 
increase their capital, except with a view to increase 
the number of labourers; or even to keep up their 
capital, except so far as it should be necessary to keep 
up the existing number of labourers. It would be their 
interest, if the population were incapable of increase, to 
devote to the production of wages labour just sufficient 
to produce the necessuries of life for that stationary po- 
pulation, if the population were advancing just sufficient 
to enable it to advance ; to treat the labourers, in short, 
as a farmer treats his horses, or a slave-owner his slaves. 

Under such circumstances, supposing the capitalists to 
be governed solely by their interest, the rate of 
profit would depend partly on the productiveness of 
labour, and partly on the period that must elapse 
between the time of the advances and of the re- 
turns. Given the period of advance, it would depend 
on the productiveness of labour. If a labourer by 
a year's labour could produce n return which, to re- 
duce it to one denomination, we will call ten quarters of 
corn, and five quarters were enough for his support, the 
rate of profit would be one hundred per cent, per annum* 

By an advance of five quarters the capitalist would obtain 
a return of ten. If the labourer could produce fifteen, 
the rate of profit would be two hundred per cent. ; by 
an advance of five the capitalist would' obtain fifteen. 

If the labourer could produce only seven and a half; 
profits would be fifty per cent. On the other hand, the 
productiveness of labour being given, the rate of profit 
would depend on the period lor which the capital must 
be advanced.. When the labourer receiving five quar- 
ters as wages could, by a year's lubour, produce ten, a 
capitalist with a capital consisting of ten quarters could 
employ two labourers, each of whom would return to 
him ten quarters every year. But if, instead of returning 
ten quarters at the eud of one year, a labourer returned 
twenty quarters at the end of two years, a^apitalist with 
a capital of ten quarters would be able to employ only 
one labourer instead of two; for if he were to employ 
two his capital would be exhausted before it was repro- 
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duced. Only one-half of the number of labourers could 
be employed by the same amount of capital* and instead 
of getting- a net revenue of ten quarters every year, the 
capitalist would get a net revenue of only ten quarters 
every two years. 

Happily, however, the capitalists of a Country do 
not act as a body. Each pursues his own scheme 
of aggrandizement, indifferent to its effect on his 
neighbours, and it is chiefly to their mutual competi- 
tion that we owe the increase both of capital and of po- 
pulation. To revert to our original hypothesis; suppose 
one of the capitalists, instead of employing, like each of 
the others, twenty labourers to produce commodities for 
his own use and one hundred to produce wages, to etn* 
ploy one hundred and ten labourers in the production 
of wages. At the end of the \ear he would have a 
capital consisting of one thousand one hundred quarters 
of corn produced by the labour of one hundred and ten 
families, and commanding, at the existing rate of wages , 
the labour of one hundred and thirty-two families; and 
the nine others would have each a capital cons sting of 
one thousand quarters, produced by the labour of one 
hundred funiiliqp, and commanding, at the existing rate 
of wages* one hundred and twenty families. The whole 
capital of the Country, instead of its former amount, 
namely, ten thousand quarters, being wages for one 
thousand two hundred families, would amount to ten 
thousand one hundred quarters, being wages for one 
thousand two hundred and twelve families. But as 
there would be only one thousand two hundred fami- 
lies to receive them, profits would fall about one per 
cent., or from twenty per cent, to a fraction less than 
nii'clmi per cent, per annum. This fall of profits would 
prevent the capitalist to whose conduct it was owing 
from reaping the full benefit of his accumulation. He 
would find himself possessed of a capital consisting of 
one thousand one hundred quarters, being wages pro- 
duced by the labour of one hundred and ten families, 
and commanding the labour of one hundred and thirty 
and a fraction ; but every other capitalist would find his 
capital of one thousand quarters produced by the labour 
of one hundred families, commanding the labour of a 
small fraction less than one hundred and nineteen fami- 
lies. The first, or accumulating capitalist, would find 
the value of his capital and the amount of his profits 
increased, though the rate of profits had fallen one per 
cent, lint all the other capitalists would find both the 
value of their capital and the amount of their profits 
diminished. 

Now there is nothing to which a capitalist submits 
so reluctantly as the diminution of the value of his 
capital. He is dissatisfied if it even remain stationary. 
Capitals are generally formed from small beginnings by 
acts of accumulation, which become in time habitual. The 
capitalist soon regards the increase of his capital as the 
great business of his life; and considers the greater part 
of his profit more as a means to that end than as a 
subject of enjoyment. It is probable, therefore, that the 
other capitalists in the Country would endeavour to 
keep the value of their capitals unimpaired, though at 
the expense of a diminution of the general rate of profit. 
One after another would follow the example of the first- 
mentioned capitalist, and devote to the increase of their 
respective capitals a portion of the labour previously em- 
ployed in furnishing commodities for their own use. In 
time each capitalist, instead of employing one hundred 
families in the reproduction of capital, and twenty in sup- 
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plying his own enjoyments, would employ one hundred Politics! 
and ten in the reproduction of capital, and only ten for Economy, 
his own purposes. The ride of profit would fall from 
twenty to ten per cent., and, of the one thousand two !>»«tribu- 
hundred labouring families, one thousand one hundred 
would be employed in producing wages, and only one ** 

hundred in producing profits. The annual produce of C auses re- 
the Country, instead of ten thousand quarters of corn gating 
and two hundred casks of wine, would consist of ten 
thousand one hundred quarters of corn and one hundred ** r ° 
ca^ks of wine. Instead of live-sixths of the labourers in 
the Country being employed in producing commodities 
for the use of the labourers, and one-sixth for the use of 
capitalists, eleven-twelfths would be employed for the 
benefit of the labourers, and only one-twelfth for the be- 
nefit of the capitalists. 

This fall of profit, however, could take place only on 
the supposition of the number of labouring families re- 
maining unaltered. But it is highly improbable that it 
could remain uni u creased. The increase of wages would 
enable the labourers to marry earlier, or to raise more 
numerous families. If .labour should remain equally 
porductive, their numbers might increase until the former 
proportion of labourers to capital had been restored. All 
the results would be beneficial. The labourers would 
not be worse off than before the additional accumulation 
took place, and the capitalists would be belter off. The 
value of their capitals and the amount of their profits 
would be increased, and the rate of profit would be again 
twenty per cent, per annum. 

We set out with supposing a Country possessing an 
abundance of fertile land, l-nder such circumstances 
the productiveness of labour might for a long period 
continue, or even increase, with every addition to the 
number of its inhabitants. But in a densely-peopled 
Country the powers of labour seldom remain the sume 
during an increase ot population. In manufactures 
labour becomes proportionally more productive. In 
agriculture, unless aided by increased industry or 
skill, or by permanent improvements of the soil, 
it becomes proportionably less so. And, as the labourer 
consumes chiefly raw or slightly-manufactured pro- 
duce, the i net eased facility of obtaining manufac- 
tures may not make up for an increased difficulty in 
obtaining raw produce. In an old Country, therefore, 
when the rate of profit has been reduced by an increase 
of capital, it seldom can be fi.lly restored by a propor- 
tionate increase of population, unless either the labourer 
receives a smaller quantity ot raw produce than before, 
or the necessity of cultivating lands of inferior produc- 
tiveness is obviated either by permanent improvements 
such as draining marshes or fertilizing bogs, or by addi- 
tional industry or skill, or by the importation of raw 
produce. In such Countries the natural progress seems 
to be an increase of capital, occasioning a fall of the rale 
of profit; a check to that fall, occasioned by an increase 
of the labouring population ; a check to that increase, 
occasioned by an increased difficulty in obtaining raw 
produce ; and a diminution, rarely amounting to a re- 
moval, of that difficulty, occasioned by permanent agri- 
cultural improvements, increased industry or skil , or 
foreign importation ; leaving, as the general resn , a 
constant tendency towards ail increase ot capita an 
population, and towards a fall in the rate of profits. ^ 

In our hypothesis we have supposed the whole capital 
of the Country to be consumed and reproduced every 
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Polituvil >ear. l udcr such circumstances it has appeared that, 
. the number ot labourers remaining the saine.no permanent 

D.tttrilm- °ddition could be made to capital without occasioning im- 
tion. mediately a proportionate diminution of the rate of profit. 

Wages aud since that addition would disappear in a year unless 
profit. reproduced by a repetition of the sacrifice on the part of 
the capitalist hy whom it was originally created. Hut 
thtf result would be ditferent if that addition were made 
in a torm lequiring no further labour tor its reproduc- 
tion. Suppose the capitalist, instead of adding five to 
the hundred families employed in producing wages, 
were to employ the additional five iu the construction of 
a durable machine enabling one man to do some piece 
of work that previously required two. At the end of 
the first year each capitalist would possess wages for 
one hundred and twenty families, produced by the labour 
of one hundred families ; commodities for his own use, 
produced hy the labour of fifteen families; and hi* ma- 
chine. produced l»v the labour of five families. Hut in 
every subsequent year he might obtain wages for one 
hundred ami twenty families by employing only ninety • 
nine families and his machine, and rn ii* lit employ twenty- 
one families in producing commodities for himself. Both 
the rate and the amount of profit would be increased 
without any diminution of wages. Such a machine 
is a new labourer added to the existing number of 
labourers, but a new labourer whom it costs nothing 
to maintain. It adds to the amount of the profit of 
the capitalist who has constructed it, without either 
taking from the profit* of other capitalists, as must bo 
the case when additional capital is created, which 
iriu*t be kept up and worked by additional labour; or 
taking from the wages of the other labourers, as must 
be the case when an additional labourer is added, wlio^e 
subsistence be taken bom the common fund. A 

machine or implement is, in fact, merely a means by 
which the productiveness of labour is increased. The 
millions which have been expended iu this Country in 
making roads, bridges, and ports, have had no tendency 
to reduce either the rale of profit or the amount of 
wages. They have, iu fact, had a tendency to keep up 
both, by enabling labour to he more productive, and con- 
sequently enabling the circulating capital and the popu- 
lation ot the Country to increase ni corresponding rutios. 

It appears, therefore, that m one of the main employ- 
ments of capital, namely, the employment of labourers 
to produce commodities for the use of labourers, or, in 
oilier words, to produce wages, the difference lietweeii 
tile value of the returns and the value of the advances 

depends on the amount of labour which at a previous 

period was devoted to the production of wages, com- 
pared with the amount of labour which those wages 
when produced can command. And as the rate of pro- 
fits in every different employment of capital has a tend- 
ency to equality, we may infer that all capitals, how- 
ever employed, yield about the same rate of profit 
as those which are employed in the production of wages. 

Average The first of the two principles which regulate the division 

period »f of the produce between the capitalist and the labourer, 
udva.Kt; of namely, the rate of profit in the advance of capital for a 

capital. given time, having been, in some measure, ascertained, 

we proceed to inquire into the causes winch regulate 

the second principle, namely, the average time for which 
t e capital must be advanced. 

it must be recollected, however, that the expression 
“ tne capitalist’s share, 1 * though familiarly used by Eco- 


nomists, is not strictly correct. When the product is Political 
completed, it is the sole properly of the capitalist, who E ^ ono ^ a y* 
has purchased it by paying in advance the labourer's 
wages. What is meant, therefore, by “ the capitalist’s , i(llu 
share,’* is that portion of the product, or of the price lor Wagesaud 
which it sells, which the capitalist can retain and apply 
for his own purposes, keeping the value of his capital 
unimpaired. Wjiut is meant by 11 the labourer’s share” 
is tint portion of the produce, or of the price lor which 
it. sells, which the capitalist, il he keep his capital unim- 
paired, cannot employ for his own purposes, hut must 
employ iu advancing the price of the labour by which 
the work of reproduction is to he performed. We have 
already shown that, the period of advance being given, 
these proportions are determined hy the rate of piolil. 

It is equally clear that, the rale of profit being given, 
they must lie determined by the period of advance. If 
a capitalist has a return which we will call twelve quar- 
ters of corn, and we wish to know how much of it he 
must retain as capital, ami how much he may use as 
profit, the first inquiry is, for what period must lie ad- 
vance his capital before he can again obtain a .similar 
return? The next inquiry is, what is«the current rate 
of profit? If the answer to the first inquiry be, one 
year, ami to the second, twenty per cent, per annum, it 
follows t hut, by constantly employing ten quarters as 
wages, he will receive two as profit. If the period of 
advance he only six month*', the rate of profit continuing 
at twenty per cent, per annum, he must employ eleven 
and a (ruction as capital, and will not icceive quite one 
as piolil. If the period of advance be two years, the 
rate of profit continuing at twenty per cent, pei annum, 
rather less than eight q uniters will foiin a sufficient 
capital, and rather moie than four will be profit. With 
every prolongation of the period of advance, the rale of 
profit continuing the same, the capitalist's share must 
increase. With every abridgement of tiiat period it must 
diminish. And it is equally obvious that, the pel iod of 
advance being given, the capitalist's share must aug- 
ment wiLh every increase of the rate of profit, and 
diminish as that rate decreases. 

On what then does the peiiod for which capital is to 
he advanced depend? To thi* question no general 
answer can he given. The peiiod differs according* to 
the accidents of soil and climate ; it varies indefinitely 
in every different business, and even in employments 
which, iu other respects, are perfectly similar. 

In Europe the harvest is auuual ; iu Hindustan it 
recurs every six months. Tuc average period for 
which agricultural wages are advanced must be at 
least twice as long in Europe as iu Hindustan. A 
great part of the capital employed iu breeding horses 
must be advanced four or five years ; that employed iu 
planting must be advanced forty or fifty. A very small 
part of die capital of a butcher or a baker is advanced 
for more than a week. The stock of a fishmonger spoils 
iu a (lay; that of a llhenisil wine- merchant is impioved 
by being kept a century. As a general rule, the aveiage 
period is longer or shorter iu one C ountry than in an- 
other in an inverse proportion to the general rate of profit. 

In the general market of the world, a Country in which 
the rate of profit is low has over one where it is high au 
advantage which increases at compound interest, as tire 
period of advance is prolonged. The rate of profit iu 
Russia is supposed to be above twice us high us in Eng- 
land. We will suppose that rate to be five per cent, 
per annum in England, and ten in Russia. A eonuno- 
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dity produced in Russia by an advance of £10 for 
twenty years would sell for nearly £70. A commodity 
produced in England by the advance of £20 for the 
same time would sell for less than £tf0. The difference 
in the rate of profit would far outbalance a doubling of 
the first expenditure. Profits* are supposed to he lower 
in Holland and in England than in any other part of 
the globe. The English and the Dutch, therefore, have 
almost a monopoly in those trades in which the returns 
are distant. Abstinence with them is a cheap instru- 
ment of production, and they use it to the utmost, in 
their commeice with other nations they generally pay 
in ready money, but give a very long credit. They 
purchase raw produce, and sell manufactures, in many 
instances they even advance to the foreign Countries 
the first expenses of production. The indigo of Bengal, 
1 lie wines of the Cape, the wool of Australia, and the 
silver of Mexico, are in a great measure produced by the 
advance of English capital. The accumulated interest 
on such advances would be tin intolerable addition to 
the value of the retun s if the rale of profit were high. 
This circumstance occasions a tendency to unilormity in 
the proportion, fn different Countries, in which the pro- 
duce is shared between the capitalist and the labourer. 
When? profits are high the capitalist's share is kept 
down by the shortness of the period for which his capital 
is advanced. Where they are low it is kept up by the 
prolongation of that peiiod. 

The labourer is far more interested in the comparative 
rate of piofil than ill the comparative period for which 
capital is advanced. The productiveness of labour and 
the period of advance being given, we have seen that 
the amount of his share of the product depends on the 
late ot profit. It is lus interest, therefore, in the first 
place, that when capital is employed in the production 
of the commodif ies which he consumts, all oilier things 
remaining the same, the rate of piofit should be low. 
And if it were possible t hut the rate of profit in other 
employments could be higher, capital woidd be diverted 
from the only production in which the labourer is 
diiecily interested - the production of commodities lor 
his own use— and the general fund for the maintenance 
of labour would be diminished. All other things, 
therefore, remaining the same, it is the luhnurei’s in- 
terest Dint the rate of profit should be universally low. 
But it must be recollected, first, that the average peiiod 
for which capital is advanced, especially in the produc- 
tion of the commodities used by labourers, is so short 
that the cupitaiist*s share is small even when profits are 
high : if the advance has been for six months, the capi- 
tuiist's share, at the high rate of twenty per cent, per 
annum, would be less than one-eleventh : mid, secondly, 
that a high rate of profit is generally found to accom- 
pany a great product ivenes of labour. And theiefure 
that, in general, the labourer is better paid, or, in other 
words, receives a larger amount of commodities, when 
profits are high, that is when he nceivea a small share, 
than when profits are low, that is when ly; receives a 
large share, of the value of what he produces. The 
int reuse ot the labourer’s share from ten-elevenths to 


twenty-one-twenty -seconds, which would be the conse- 
quence in the case which we have supposed of a fall of 
profits by one-half, would add very little to the amount 
of his wages. 

On the other hand it is his interest that, when capital 
is employed in the production of what he himself con- 
sume* the period of advance should be short. We will 
suppose a labourer employed on the least productive soil 


to produce by a year’s labour employed in hoeing and Pl> i:, irtl 
weeding an additional produce <>f twenty-two quarters of Economy, 
corn ; the wages of labour to be £20 a vear; the rate v 
of profit to he ten per cent, per annum,’ ami a vear to Drstribu- 
elapse between the advance oi the wage*? and the com 
bcingTit for use ; the price of the corn would he £22 ; 
the labourer would receive twenty quarter*, or, what is 
the same, £20, with which he could pin chase twenty 
quarters. Blit if corn were not fit for m-i* until it had 
been kept for ten years, on the same daia. the corn, 
instead of sellintr for £22, would sell Irr above C.'iD ; the 
labourer would receive less t h‘: n ten quarters instead 
of twenty, or, what comes to the same, his wages, instead 
ot twenty, would purchase less than ten quaiteis. To pro- 
duce the corn would require the same degree of labour as 
before, but ten times as much abstinence 


Another consequence of the prolongation of the 
p M «iod of advance would he, that with the same 


amount of capital the capitalist would be able to main- 
tain much fewer labourers than before. It ten quarters 
were necessary to maintain a labouring family during a 
year, and they could reproduce eleven in a stale fit for 
consumption at the <nd of the year, a capital ol one 
hundred quartets would enable a capitalist to keep in 
constant employ it-n labouring families during the first 
year, and eleven dining every subsequent year. But, if 
the corn weic not fit for consumption till the end often 
years, a capitalist starting with a capital of one bundled 
quartets could not maintain more than a single family. 
For, it he were to mniuln n more, the capital would be 
exhausted before it was reproduced. The prolongation 
of t lie period of advance would have preccely the same 
effect as u diminished productiveness of labour. 

But the prolongation of the period of advance of the 
capital employed in the production of the commodities 
winch the labourer does not consume is niter'. v indif- 


ferent to him. If a labourer by a year’s labour can 
produce twenty-two ounces of lace, his wages being 
£20 a year, and advanced lor a year, and the rate o 
profit being ten per cent., be will receive ten elevenths 
of the value of the lace, or, in other words', he might 
purchase with lus wages twenty ounces of lace. If the 
lace required keeping for ten years, his wages would 
purchase less than tell ounces ot the lace in its complete 
state. But as he never wishes to purchase lace, and as 
the prolongation of the period for which capital must be 
advanced in the production of lace would not affect 
either the productiveness ot labour, or the rate of profit, 
or t he peiiod of advance in any other employ men;, it 
would be utterly indifferent to him ; it would affect only 
the consumers of lace. 


We have seen that, although practicajlv high wages 
and high profits generally go together, yet, all other 
things remaining the same, it is the interest of the la- 
bourers ilml profits should be universally low. It is 
equully clear that it is the interest of the capitalists 
that they should be universally high. A fall in the rate 
of profit in any one employment has a tendency to force 
capital into the others. This diminishes the compe- 
tition among the first-mentioned capitalists, but in- 
creases it among the others. The first are relieved, hut 
it is only by the loss being spread over the whole body. 

But a prolongation of the period of advance allects 
the capitalist only so far as lie uses the specific com- 
modity with respect to which that prolongation has 
taken p'uce. The rate of profit on the advance of 
capital for a given peiiod hi nig given, the length of 
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the period between the bottling of a pipe of port and Us 
being fit for use affects a wine merchant only so far as 
he drinks port. As a consumer, it is his interest that the 
pcriodl should be short ; as a capitalist it is immaterial 
to him. 

We have now given on outline of the causes which 
affect the general rate of wages, the most important and 
the most difficult of all the subjects embraced by Political 
Economy. It has appeared, first, that the general rate 
of wages depends on the amount of the fund for the 
maintenance of labourers, compurcd with the number of 
labourers to be maintained. 

Secondly, that the amount of that fund depends partly 
on the productiveness of labour in the production of the 
commodities used by the labourer, or, to speak more 
concisely, in the production of wages, and partly on the 
number ol labourers employed in the production of wages 
compared with the whole number of labourers. 

Thirdly, that the productiveness of labour depends on 
the character of the labourer, or the assistance he derives 
from natural agents, and from capital, and on his freedom 
from interference. 

Fourthly, that, in the absence of rent and improper 
or unequally-distributed taxation, the proportion of the 
labourers employed in producing wages to the whole 
number of labourers depends partly on the rate of 
profit, and partly on the time for which the capital em- 
ployed iri the production of wages must be advanced. 

Fifthly, that the rate of profit, at any given time, 
depends on the previous conduct of capitalists and la- 
bourers. 

And, sixthly, that the period for which capital must 
be advanced is subject to no general rule, but has a 
tendency to he prolonged when profits are low, and 
shortened 'when they are high. 


The inquiry into the causes which regulate wages 
has, in a great measure, ascertained those which affect 
profits. We have to add only that profits may be con 
sidered in three points of view: first, as to their rate; 
secondly, us to their amount ; and. thirdly, ns to the 
amount of dcsir.ible objects which a given amount of 
profit will command. The causes which decide the rate 
of profit have been already considered. It has been 
shown that they depend on the proportion which the 
supply of capital employed in providing wages bears 
to the .supply of labour. The rate being given, the 
amount of the profit received by any given capi- 
talist must depend, of course, on the amount of his 
capital. It follows that, when the rate of profit fulls in 
consequence of an increase of capital without a propor- 
tionate increase of labourers, the situation of the existing 
capitalists, as a body, cannot he deteriorated, unless the 
fall in the rate has been so grout as to overbalance the 
increase of the amount. Two millions, at five per cent., 
would give as large an amount of profit as one million 
at ten. At seven uud a half per cent, they would give a 
much larger. And such is the tendency of an increase 
of capital to produce, not indeed a corresponding, but 
still a positive increase of population, that we believe 
there is no instance on record of the whole amount of 
profits having diminished with au increase of the whole 
amount of capital. 

Totally distinct from the amount of profit is the 
amount of desirable objects which a given amount of 
profit will purchase. A Chinese and an English capi- 
talist, each of whose annual profit will command the 


labour of ten families for a year, will enjoy in different Political" 
degrees the comforts and conveniences of life. The Eco n omy. 
Englishman will have more woollen goods and hardware, 
the Chinese more tea and silk. The difference de- 
pends on the different productiveness of labour in China | nequali- ’ 
and in Englund in the production of those commodities tj eB A 0 f 
which arc used by the capitalists in each Country. In wages and 
the command of labour, and in the rank in society which profit 
that command gives, they are on a par. We have seen < * l * Ieren J 
that, as population advances, labour has a tendency to 
become less efficient in the production of raw produce, 
and more productive in manufactures. The same 
amount of profit, therefore, will enable the capitalist in a 
thinly-peopled Country to enjoy coarse profusion, or 
among a dense population moderate refinement. A 
South American, with an annual income commanding 
the labour of one hundred families, would live in a log- 
house on the skirts of u forest, and keep, perhaps, one 
hundred horses. An Englishman with the same com- 
mand of labour would live in a well- furnished villa, and 
keep a chariot and pair. P^ach would possess sources 

of enjoyment totally beyond the reach of the other. 

* 

Variations of th * Amount of fV age* and the Rate of 
Profits in different Employments oj Labour and 
Capital . 


In the previous discussion we have assumed the 
existence ol a certain average rate of wages and average 
rate of profits. We now propose to consider t lie 
influence of some specific causes on the amount of 
wages and the rate of profits in different employments 
of labour and capital. 

The justly-celebrated chapter on this subject in the 
Wealth of Nations begins with the following words: 

“The five following are the principal circumstances 
which, so fur as I have been able to observe, make up 
for a small pecuniary gain in some employments, and 
counterbalance a great one in others. 1. The ogreeable- 
ness or disagreeahleness of the employments themselves. 

2. The easiness and cheapness, or the difficulty and 
expense, of learning them. 3. The constancy or incon- 
stancy of employment in them. 4. The small or great 
trust which miM be reposed in those who exercise them. 

5. The probability or improbability cf success in them/* 

Book i. eh. x. 

As our remarks will he chiefly a commentary oti 
those of Adam Smith, we shall, as far as we can, follow 
his arrangement. We shall begin, therefore, by the 
influence of ngreeableuess or disagreeableness. 

The act of labouring implies a sacrifice of ease, and it 
is chiefly to this sacrifice that our attention is directed 
when we speak of wages us the remuneration for labour. 

But, a< we have already observed, the indolence which 
generally indisposes to severe or long-continued bodily 
exertion is not in all cases the only feeling which the 
labourer has to conquer. His employment may be 
dangerous, os physically disagreeable, or degrading. In 
any one of these cases his wages are the reward not only 
of the fatigue, but of the hazard, the discomfort, or the 
discredit which he has encountered. Adam Smith, \ m Agree- 
however, has remarked, that the prospect of hazards abloueas, 
from which we can hope to extricate ourselves by 
courage and address is not disagreeable, and does not 
raise the wages of labour in any employment. 44 The 
dangers and hair-breadth escapes of a life of adventure, 
instead of disheartening young people, seem frequently 
to recommend a trade to them. But it is otherwise/* 
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he observes, “with those in which courage and address occupations, those of a shepherd and a tiller of the Poetical 
can be of "no avail. In trades which are known to be ground. And, accordingly, we believe that in every Kcono,,, y* 
very unwholesome the wages of labour are always state of society the lowest wages are those which arc 
remarkably high.” * paid to agricultural labourers. The current wages of t I ? llltnbu- 

Unwholesomeness, indeed, is generally united to other common agricultural labourers may, therefore, in general inuquaU- 
disagreeable circumstances. Dirt, dust, deleterious aitno- be considered as representing the value, at the time and tie* of * 
sphere, exposure to continued heat or cold, or to sudden place where they are paid, of mere bodily labour. If, at wa P*&nd 
transitions from the one to the other, which are the prin- the same time and place, we find the services of any 
cipal causes of unheal thi ness in any business, are also the other labourer more highly paid, we may infer eitlier employ* 
principal causesof its being generally disagreeable. When that his employment is subject to some peculiar dis- raeut*. 
toil, disease, und discomfort, are all lobe encountered, the advantage, or that, in fact, rent or profit enter into his 
temptation must indeed be high. But this union is not remuneration. 

universal. The trade of a house-painter is one of the Adam Smith states that, in point of agrecahleness or 
most agreeable, and one of the most unwholesome, among disagreeableness, there is little or no difference in the 
ordinary occupations. On the other hand, that of a greater part of the different employ incuts of stock, 
butcher, though brutal and disgusting, is eminently though a great deal in those of labour; and lie infers, 
healthy. The wages of each are, we believe, about as we have seen, that average profits are more nearly on 
equal, and considerably exceed the remuneration for the a level than uverage wages. That portion of profit 
mere labour undergone, which, in fact, is in both cases which is simply (he remuneration for abstinence is cer- 
very trifling. But the fear of popular odium, and, what taiuly, at the same time and place, nearly on a level; for 
is always strongest amongst the least educated, the fear abstinence, being a negative idea, does not admit of 
of popular ridicule, as they are amongst the most degrees, excepting in the amount of capital from the 
powerful feelings of our nature, are the most effectual unproductive use of which the capitalist abstains, and 
means by which the wages of an employment can be the length of time during which he abstains, 
increased. To Adam Smith’s instance of a public But we cannot admit that the agreeableness or dis- 
executiouer may be added that of a common informer; agreeableness of the greater part of the different cm- 
both of whom are remunerated at a rate quite dispro- ploy meats of capital is about the same. Nor would 
portioned to the quantity of work which 1 hey do. They Adam Smith have stated them to be so unless he 
ore paid not so much for encountering toil us for being had used wages in a wider, and profit in a narrower 
pelted und hissed. The most degrading of ull common sense than that which lias been adopted in 'this Treatise, 
trades, perhaps, is that of u beggar; but, when pursued Wages, in the sense in which we have used the word, 
os a trade, it is believed to be a very gainful one. are paid almost exclusively for undergoing bodily 

Such appears to be (he influence upon wages of labour or bodily inconvenience, and bodily labour is 
danger, discomfort, and disgrace. And it may be sup- almost always disagreeable. But the labour of employ- 
posed thut any peculiarly agreeable employment is ing capital is principally mental, and mental exertion is 
generally as comparatively underpaid as peculiarly often delightful. We frequently hear of men who are 
disagreeable ones are overpaid. Adam Smith has devoted to their profession or their business, however 
accordingly remarked that in a civilized society hunters generally unattractive. A surgeon once told us that, 
and fishers, who follow as a trade wliul other people whatever were his income, his utmost happiness would 
pursue as n pastime, are generally very poor people, be to superintend a great military hospital. Half the 
“ Fishermen/' he observes, have been poor from the miseries of mankind have arisen (rum the delight of 
times of Theocritus. The natural taste for these statesmen in governing, and of generals in war. Again, 
employments makes more people follow them than can the mere labourer receives ineie pecuniary wages, or food, 
live comfortably by them; and the produce of their shelter, and clothing, of equal value. The capilulUt is 
lu bo nr, iu proportion to its quantity, comes always too often paid by power or reputation, and sometimes re- 
cheap to market to afford any thing but the most scanty ceives the highest of human rewaids, the consciousness 
subsistence to the labourers/' Hunting, however, can that he has been widely and permanently useful. And, 
scarcely be. said to exist os a trade in any well-civilized oil the other hand, there are employments, as fur instance 
Country. And we doubt the accuracy of Adam Smith's the slave-trade, which imply fatigue, hardship, and danger, 
statement as to fishermen; unless, as perhaps was the public execration, and, if a slave-trader can be supposed 
case, he intended to confine them to the small number to reflect on the nature of his occupation, self-reproach, 
of anglers and poachers on rivers, who do, in tact, follow It is unnecessary to prove by a formal induction that, 
ns a trade what other men enjoy as a pastime. Marine when almost all thut reuders life agreeable, or even en- 
fithery is a business of too much toil and hardship to durable, is sacrificed to profit, the profit must be great; 
be very attractive; and if any proof, besides the well- or that competition must reduce very low the pecuniary 
fed persons and ample clothing of the men and their reward or valuable remuneration of occupations which 
families were required, of its being well paid, it would seem to carry with them their own reward, 
be found in the fact that the capital employed in it, It may not appear obvious why the extra profit of a 
which is far from inconsiderable, generally belongs to the disagreeable employment should bear any proportion 
fishermen themselves. 1° l ^ e value of the capital emplojcd in it. It must ba 

As a general rule, we fear it must be admitted that remembered that, since the number of persons possessed 
the occupations open to those who are not possessed of of a given capital becomes rapidly smaller as the amount of 
capital differ only in the degree in which they are the supposed capital is larger, the possessors of any given 

disagreeable. The least disagreeable are man’s primeval amount of capital enjoy a sort of monopoly, which be- 
comes stricter and stricter as the given amount is larger; 
and, secondly, that the larger a man's capital, and conse- 
quently his income, the greater must be the temptation 


* Book i. ch. x. 



214 POLITICAL 

Political necessary to induce him to encounter moral or physical 
Economy, evil in tile hope of increasing it. On the other bund, both 
the trouble and the inferiority of rank lhat accompany any 
tion n * ,U ~ tra ^ e are ge»erall\ in inverse proportion to the capital em- 
Invipiali- P lo > ed - Where, indeed, the objection to a trade arises 
ties of from its moral turpitude, as in the case of the keeper of a 
wages and gambling-house, or of any place of still more shameful 
profit in, resort, its extent will only increase its infamy But in the 
eninlov- absence of this peculiar objection, the same trade which 
muuts. on a small scale is mean, is respectable in a large way, and 
almost dignified when carried to its greatest extent. The 
trouble cannot be so completely got rid of, but when the 
capital is large enough to enable the employment of 
clerks and junior partners of great knowledge and high 
character, it may often he so far reduced us to occupy a 
small portion of the principal's daily time. There are 
at this instant many persons busily engaged, uud even 
distinguished in politics and literature, who are also at 
the lo ad of great hanking, brewing, or mercantile esta- 
blishments. It is not probable that their occupations in 
business can employ much of their time. 

The result that might be anticipated from these oppos- 
ing ei i cu instances is, that that part of profit which is the 
remuneration tin* the trouble and other sacrifices, inde- 
pendent ot abstinence made by the capitalist, though it 
must positively increase in amount, yet generally bears 
a smaller proportion to the capital employed as that 
capital increases in value. And this anticipation is, we 
think, confirmed by observation. There arc, we apprehend, 
few persons employing in England a capital of ^£'1 00.000, 
who would not he satisfied with a profit of less than ten per 
cent, per annum. A manufacturer of considerable emi- 
nence, with a capital of £40.000, complained to us of the 
smallness of lus profits, which he estimated at tw elve and 
a half per cent. About fifteen per cent, wc believe to be the 
average that is expected by men with mercantile capitals 
between ,£1.0,000 and £20,000. Scarcely tiny whole- 
sale trade can be carried on with a capital ot less than 
£ 1 0,000. The capitals of less value, therefore, gene- 
rally belong to farmers, shopkeepers, and small manu- 
facturers, who, even when their capital amounts to £5000 
or £<i 000, expect twenty per cent., and when it iH lower 
n much larger per centage. We have heard thaL stall 
fruit-sellers calculate their gains at 2 d. in the shilling, 
or twenty per cent, per day, or something more than 7000 
percent, per annum. This seems, however, almost too low. 
The capital emploed at any onetime seldom exceeds 
in value 5*., twenty per cent, on which would only be I*, 
a day; a sum which would scarcely pay the wages of 
the mere labour employed. It is, however, possible that 
the capital may sometimes be turned more than once in 
a day ; and the capitalists in question, if they can be called 
so, are generally the old and infirm, whose labour is of 
little value. The calculation, therefore, may probably be 
correct, and we have mentioned it as the highest appa- 
rent rate of profit lhat we know. 

Larnin^- “ Secondly/* says Adam Smith, “ the wages of labour 
thebusi^ var >' with l * ,e easl,iess aild cheapness, or the difficulty 
ness. ami expense, of leurning the business. 

“ When any expensive machine is erected, the extra- 
ord nary work to be performed by it before it i9 worn out, 
it must be expected, will replace the capital laid out on 
it with at least the ordinary profits. A man educated at 
the exjiense of much labour and time may be compared 
to one of these expensive machines. The work which 
he learns to perform, it must be expected, over and above 
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the usual wages of common labour, will replace to him Political 
the whole expense of his education with at least the or- Economy. 
dinary profits of an equally valuable capital. It must / 

do this in a reasonable time, regard being had to the timl 
very uncertain duration of human life, in the same iimquali- 
inanner as to the more certain duration of the machine, ties of 
The difference between the wages of skilled labour and wages and 
those of common labour is founded on this principle.’* 

Hook i. ch. X. employ- 

We agree with the whole of this admirable passage, meats, 
except that we think it shows the propriety of rather 
terming the surplus remuneration of skilled over com- 
mon labour profit than wages. It is an advantage de- 
rived by the skilled labourer in consequence partly of his 
own pievious conduct, and partly of that of his parents 
or friends ; — of the labour ami of the expense which 
(hey respectively contributed to his education. It is 
profit oik a capital, though on that sort of capital which 
cannot be made available without the labour of its 
possessor. 

Adam Smith has remarked that, in the liberal pro- 
fessions, this labour uud expense are very imulequattdy 
remunerated; and he attnbutes the slightness ot their 
remuneration first to (lie desire of the leputation which 
attends upon superior excellence in any of them ; se- 
condly, to the natural confidence which every mail has, 
more or less, not only in his own abilities, but in his 
own good fortune; and thirdly, as far ns literature and 
the church are concerned, to the number of (icrsons who 
are educated for those occupations at the public expense. 

The two first causes operate very forcibly, 'j he in- 
fluence of the third fie has, we think, exaggerated, or, 
perhaps, its force may have much diminished since he 
wrote. Til the first place, though our population has 
nearly doubled in the interval, the number of provisions 
for nftbrding gratuitously the means of a liberal educa- 
tion lias not materially increased. And, secondly, from 
the change which has taken place in the style of living 
at the places of education, and in many cases from the 
nominal value of the provisions having remained unaltered,, 
while money has lost more than half its value, these 
provisions now afford much less real assistance to the 
persons who obtain them. Adam Smith seems to have 
supposed that the greater part of the clergy were 
educated at the expense of the public, and he expressly 
states that few were educated altogether at their 
own. Hut at present there are scarcely any under- 
graduates at cither of our Universities wholly main- 
tained by a foundation: probably there are not twenty 
who receive from such a source one half of their expen- 
diture, and by tar the greater number receive no i>cctifii- 
ary assistance except from the relative cheapness of in- 
struction. We say relative cheapness, because the stun 
of money positively paid for instruction is perhaps as great 
at Oxford and Cambridge as at most other Universities ; 
but the attention bestowed by the teacher on each indi- 
vidual student is considerably greater. In the foreign 
Universities ajecture is a discourse delivered by the pro- 
fessor ; in ours, the College lectures, which are the prin- 
cipal means of instruction, are, iu a great degree, exami- 
nations undergone by the ptipils. There can be no 
comparison between tlie labour imposed on the teacher 
in these two modes of education. But that which is 
the laborious one necessarily confines each tutor to a 
small number of pupils. If our foundations did not 
afford them an income, our tutors must either require a 
much larger remuneration from each pupil, or adopt the 
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foreign mode of teaching by discourses delivered to large 
assemblies. 

The principal cause which fills the avenues to some 
of the liberal professions with candidates so numerous 
as materially to diminish one another's reward is one 
which Adam Smith has omitted. 

•The average expense of providing in the cheapest 
manner for the maintenance of a child until it can main- 
tain itself by ordinary labour may perhaps amount to 
about £40. This is double the sum tor which a parish 
will indemnify the father of a bastard. The parish, 
however, speculates on the chances of the child’s death. 
The average expense of giving to a gentleman’s son the 
education which is essential to his holding his fathei’s rank 
cannot be estimated at less than £2,040. But neither the 
labour which the boy undergoes, nor the expense borne 
by his father, is incurred principally in order to obtain 
future profit. The boy works under the stimulus of im- 
mediate praise or immediate punishment, it never 
ni‘< urs to the father that it would he chea|)cr to have his 
child nursed in the country at 2*. a week till he is eight 
years old, and then removed to a farm-yard or a cotton- 
mill ; and that in giving him a more ex pens' \e education 
he is engaging in a speculation which is likely lobe un- 
profitable. To witness a son’s daily improvement is, 
with all well-disposed men, or lather with all men, ex- 
cept a few outcasts, one of the greatest sources of im- 
mediate gratification The expense inclined for that 
put pose is as much repaid by immediate enjoyment us 
that which is incurred to obtain the most transitory 
pleasures. It is true that a further object may also be 
obtained, but the immediate motive is ample. 

But the extra expense and labour thus incurred in 
some cases constitute the whole expense and labour of 
prepaiatiou for a liberal profession, and in all cases con- 
stitute the bulk of that expense and labour. In the 
chinch they constitute the whole of the expense, and 
almost all the luhour. A graduate of Oxford or Cam- 
bridge may ha\e a very little more to read before he 
takes orders, but has absolutely nothing more to pay. 
What lie obtains, therefore, as a clergyman, alter deduct- 
ing the mere wages of his additional labour, is pure 
gaiu. And when we consider how many are the motives 
lor undergoing that labour, besides the merely pecuniary 
ones, we might be tempted to wonder that the pecuniary 
rewards should remain so high. M lirec circumstances 
keep them tip: two by diminishing the number of can- 
didates, and the third by raising the fuud applicable to 
their use. The two former ones are the indelibility of 
the clerical character, and the interdiction of clergymen 
from almost all secular employments, especially from 
those which offer the most glittering rewards. Many 
men would cuter the church if they could combine it 
with other occupations, or if they might quit it at 
pleasure, who refuse to enter into a path in which it is 
not permitted to turn buck or to diverge. These are 
probably the principal causes which tend in this Country 
to keep down the number of clergymen. # The revenue 
of the existing members is Kept up by means of the 
fund set apart bylaw for their use, and somewhat equal- 
ized by the repeated intervention of the Legislature to 
raise the remuneration ot curates by prohibiting the in- 
cumbent from ottering, and the curate from accepting, 
a stipeud as low as would have been fixed on mere prin- 
ciples of competition. The expense of entering the 
army is probably about equal to that of the church ; 
for though about £600 is to be added for the price of 


the first commission and for outfit, the difference 4s about Political 
made up by the early age at which the profession can be Ewnomy. 
begun. r \ he expense of the navy is much less, arid 
either profession may l»e entered upon without tui the* 0istribu * 
preparatory study. The Legislature has fixed the pav 
suid other advantages of the army and navy (moderate tus of 
as they appear to be) much higher than would haxehecu wu.-e* ami 
necessary to keep up tile supply of qualified candidates. in 
The difficulty of obtaining permission to enter either of [m .In”* 
them is so notorious, that few peisoim without consilient- 
blc interest ewr think of them. Yet, notwithstanding 
the influence of this feeling in diminishing the number 
of competitors, the Admiialiy and the Horse Hoards 
are besieged by candidates lor fir^t commissions ten times 
more numerous than the vacancies. 

The same may be said of what are the subjects of 
almost a distinct profession, public offices. Small as the 
emolument* arc, if they are to be considered as repaying 
the expenses of education, they are objects ot eager 
competition. 

It tut tiler proof w ere wanted that the number of the 
candidates for the liberal piofcssions is principally Kept tip 
by the feeling which forces every parent to endeavour to 
give to his children at least the education of his own lank 
rather than by calculation, it may be touud in the abun- 
dance of governesses. The expense of gi\in<j> to a o-n! 
the education which will fit her to be a gnvoi ness though 
not quite equal to that of educating a buy as a ncnilcu s.n. 
is yet very consideiable : no part of it is evei. supplied 
by the public ; and yet that pro.'esdnii is so overstocked 
with candidates that the pay scarcely equals that of a 
servant. 

An expense of nearly £1000 beyord the common 
expense ot a regular education may be necessary 'to s'art 
a young man as a physician, and pt-rhai s nearly £1500 
as a barrister. The lower branches of the legal and 
medical professions are about as expensive av the church 
or the army. But no branch of either law or phy^e 
admits of practice till after an apprenticeship of fiom 
ihicc to five years, or of success, without three or four 
years of diligent study. The effect of all these causes 
has been so much to diminish the number of competitors 
in the medical and legal piofessions, tl.at we much doubt 
whether they are now, as Adam Smith slat* s them to have 
been in his time, under-recompensed in point of pecu- 
niary gain. We speak more doul lltilly as to medicine ; 
but we can say, from the observnt on of many years, that 
his statement that, “if you send your sou to study the 
law. it is :.t least twenty to one if he ever makes such 
proficiency as will enable him to live by the business’* 
ha* no resemblance to the existing state of things. We 
have watched the progress of perhaps a bundled h gal 
students, and, where fair diligence has been empoyed, 
success has been the rule, and failure the evepliou. 

Many, indeed, have not applied lair diligence: but we 
have seen much move success among the idle than failure 
among the laborious. So" far from the duni** hi mg 
twenty to one against a young lawyer, we should he in- 
clined to rate them at two to one in his favour. 


A third entire of variableness both in wages and in •>. Ci.r.*fau- 
profiu is constancy or inconstancy of employment. 1 he 
variations which it occasions are, however, rather appa- * • 
rent than real. A London porter, employed foraii hour, 
would think himself ill paid by less than a shilling. \ 
pavior or a hodman, whose labour is much nunc sevete, 
seldom receives more than '£d. an hour. But the ptx- 
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Political vior cftralways find a market for his services. At 3<f. 
Economy. an hour, he can at an average earn three shilling's a day, 
or about £46 a year. The porter may be sometimes a 
Putnm- jj a y w j l j, ou t a job. If his employment be less regular by 
Inequali- three-fourths than that of the pavior, to make his annual 
tied of wages equal, his hourly wages must of course be three 
wages and times as high. Adam Smith, indeed, thinks that his unnual 
different Wl »£ es ought to be higher than the average, to make him 
employ- some compensation for those anxious and desponding 
meats. moments which the thought of so precarious a situation 
must sometimes occasion. But this evil is compensated, 
and, in most dispositions, more than compensated, by the 
diminution of his toil. We believe, after all, that nothing 
is so much disliked ns steady, regular labour; and that 
the opportunities of idleness afforded by an occupation 
of iingular employment are so much more than an 
equivalent for its anxiety as to reduce the annual wages 
of such occupations to below the common average. 

In the employment of capital, however, this compen- 
sation does not often exist. The occasional unproduc- 
tiveness »f his capital, generally speaking, affords no 
relief to the capitalist. It must, therefore, lie compen- 
sated by a surplus profit, when productive, at least 
enough to balance its periods of unproductiveness. A 
house-builder s capital often lies unproductive ; there are 
some places in which the majority of the houses are un- 
occupied for nine mouths in the year. The builder’s 
profit during their occupation must be at least four times 
as great as it they were regularly inhabited. One of the 
consequences of the effect of irregularity of employment 
on wages am! profits is to occasion many services and 
commodities to cheapen as the demand for them in- 
creases A man who can count on employment for four 
hours a clay would be forced by competition to sell his 
services lor nearly half of what he might have asked if 
he could have reckoned on only two hours. Prices in a 
watering-place always fall as the season becomes longer. 

4. Trust The fourth cause assigned by Adam Smith for the varia- 

tion in wages, the small or great trust which must be re- 
posed in the workman, appears to he in a great measure 
included m the second of his cutises, the expense of edu- 
cation. Occasionally, indeed, we see persons receiving 
and deserving confidence though brought up under dis- 
advantageous circumstances. The integrity of such per- 
sons must urise from a peculiarly happy natural disposi- 
tion, and its rewaid may then be considered a species of 
rent; hut, as a general rule, trustworthiness is the result 
of early moral cultivation, and in that case is as much to 
be considered a part of a man’s immaterial capital as his 
prudence or his knowledge. 

5. Probabi- The last of the causes mentioned by Adam Smiih, 

lity of sue- as affecting the remuneration of different employments, 
ce»i« is the probability or improbability of success. 

Uncertainty of success, in some respects, resembles 
inconstancy of employment. A few examples will show 
them to he different. The legal and medical professions 
are generally thought to be remarkably uncertain, but 
the employment of a successful physician or barrister is 
painfully incessant. On the other hand, a inan may be 
morally sure that in a given occupation he will have a 
day's work forty or fifty times during a year, and that 
his earnings on those occasions will supply well his 
annual subsistence. Such an occupation would be 
certain, notwithstanding its inconstancy. 

Uncertainty of success cannot well affect the wages 


of common labour, since no man, unless he be to a cer- Political 
tain extent a capitalist, unless he have a fund for his - conora y* 
intermediate support, can devote himself to an employ- 
ment in which the success is uncertain. But its ti 0 n. 
apparent, nnd indeed its real effect on profits, is very lnequali- 
considerable. !le9 . 

Perfect knowledge, of course, excludes the idea of 
chance; but if all men had sufficient information to 
enable them to calculate fairly Ihe chances of success, employ- 
and were subject neither to rashness nor to timidity, it meat*, 
appears clear that even theu the average profits of any 
employment would be raised by uncertainty of success. 

When the sums are equal, to lose is obviously a 
greater evil thun to gain is a good. If two men, with 
each a capital of £2000, toss up for £1000, the gainer 
augments his fortune by only one-third, and the loser 
sacrifices one-half. Laplace calculates the disadvantage 
at twenty-six percent. At an equal game, he observes, 
the loss is relatively greater thnn the gain. Suppose a 
player with a fortune of 100 francs to risk 50 of them at 
heads and tails, his fortune, after he has deposited his 
stake, will be reduced to 87 francs; that is to say, 87 
francs unhazarded would procure him As much happi- 
ness us 50 unhazarded, with 50 more subjected to the 
chance of being doubled or lost. Admitting this calcu- 
lation to be correct, and admitting the existence of the 
degree of information and prudence which we have Mip- 
poM»d, no one possessed of £10,000 would venture 
£5000 with an even chance of losing it, unless he had 
nil even chance of gaining not merely £ 10,000, and an 
adequate profit on his capital of £5000, but could 
reckon on a further profit of £1300, us the price for 
undergoing the risk. 

It is needless to say that men are far from possessing 
this degree either of information or of prudence. It is 
to be observed, however, that there are two sorts of 
uncertainty. In some cases the hazard is essentially 
connected with the employment itself, and recurs, in 
about an equal degree, ut every operation. Smuggling, 
and the manufacture of gunpowder, are instances. 
Experience and skill may somewhat diminish the risk ; 
hut the best smuggler, and the best maker of gun- 
powder, probably each, suffers an average amount of 
loss. But there me employments in which success, if 
once obtained, in permanent. Such is often the ease in 
mining. That mining is generally the road to ruin is 
notorious hi all mining countries; but there are miners 
who* iiuve never suffered a loss. The same may be 
said of the liberal professions. Granting them to lie as 
uncertain as Adam Smith believed them to he, the evil 
to winch that uncertainty refers is experienced only by 
those v. ho fail. To those who succeed „t hey afford a 
revenue eminently safe ami regular. Their uncertainty 
is personal. It arises from the error to which every 
man is subject when he compares his own qualifications 
with those of his rivals. If he be found on the actual 
trial inferior, his failure is irretrievable. In the other 
alternative lys success is as permanent. Where any 
business is necessarily and permanently hazardous, the 
fortunes of any one individual engaged in it afford a 
sample from winch we may estimate the fortunes of all. 

If only one old farmer could give to us all his personal 
experience, we should probably have a tolerably correct 
conception of the hazards to which farming is exposed. 

But, if we were to estimate the chances of legal or 
medical success from the average of ten or twenty 
selected instances, we should be likely to be grossly 
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misled. Tlic first sort of uncertainly, therefore, is likely 
to be estimated with a much greater approach to correct- 
ness than the second. 

Adam Smith believed both to be under-estimated, 
and, consequently, that the average profits of all hazard- 
ous employments are below the average profits of safe 
ones. Uis views are stated with so much force and 
ingenuity, that we will extract them at considerable 
length. 

“The overweening conceit which the greater part of 
men have of their own abilities is an ancient evil 
remarked by the philosophy and moralists of all ages. 
Their absurd presumption in their own good fortune 
has been less taken notice of. It is, however, if possible, 
still more universal. There is no man living who, 
when in tolerable health and spirits, has not some share 
of it. The chance of gain is by every man, more or less, 
overvalued ; and the chance of loss is by most men under- 
valued; and by scarce any mail, who is in toleiable 
health and spirits, valued at more than it is worth. 

“ That the chance of gain naturally overvalued vve 
may learn from the uuivcisal success of lotteries. The 
world neither ^ver saw, nor ever will see, a perfectly 
fair lottery, orone in which the whole gain compensated 
the whole loss, been use the undertaker could make 
nothing bv it. In the state lotteries the tickets are 
UN.l v not woitli the pi ice which is paid by the original 
'id- mbeis, and yet commonly s oil in the market for 
twenty, iliiitv, and sometimes forty per cent, advance. 
The vain hope of gaining >ome of the great prizes is the 
s=* rause ol tins demand. The soberest people scarce 
look upon it as a folly to pa\ a small sum for the chance 
o! gamin:; tl LO,t >; ’(’) or ^20.(K0, though they know 
that, even dial small sum is perhaps twenty or thirty per 
cent, moie than the chance h- worth. In a lottery in 
which no pu/e exceeded A! *20, though, in other respects, 
it ap ( u'.ichcd much nearer to a perieetly fair one than 
the common state lotteiies, there would not be the same 
demand lor tickets. in older to have a better chance 
f *r -muf of the great prizes, some people purchase 
uv rial tickets, :md others small shares in a still greater 
on nher. Then* is not, hoc. ever, a more ceitniu propci- 
s.’ Mi m Mathematics, than tlut the more tickets you 
a 1 enture up. on, the more likely yo- are to he a loser. 
A«. miiI. ue upon all the i.ekets in the lottery, and you 
k»‘-c for certain; and the greater the number of your 
tifivci’., the nearer you approach to tins eeilainty. 

“ That the chance of loss is frequently undervalued, 
and scarce ever valued more than it is worth, vve may 
lea’n iiom the very moderate profit of insurers. In 
order to make insurance either trom tire or sea risk a 
trade at all, the common ptemium must be sufficient to 
compensate the common losses, to pay the expenses of 
management, and to utford such a profit us might have 
been drawn from an equal capital employed in any 
common trade. The person who pays no more than 
this evidently pays no more tlmu the real Yulue of the 
risk, or the lowest price at which he cun reasonably 
expect to insure it. Hut, though many 'people have 
made a little money by insurance, very few have 
made a great fortune: and from this consideration alone 
i f seems evident enough that the ordinary balance of 
profit and loss is not more advantageous in this than in 
other common trades,, by which so many people make 
fortunes. Moderate, however, as the premium of 
insurance commonly is, many people despise the risk too 
much to care to pay it. Taking the whole kingdom at 
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an average, nineteen houses in twenty, or rather perhaps Talitical 
ninety-nine in a hundred, are not insmed from fire. Economy. 
Sea risk is more alarming to the greater part of people, 
and the proportion of ships insured to time not insured liif ‘ <ribu- 
is much greater. Many sail, however, at ail seasons,^”?* ilU . 
and even in time of war, without any instuaucc. This tin» of 
may sometimes, peihaps, he done without any impru- v am:* and 
deuce. When a great company, or cvui i great 1, * n 
merchant, has twenty or thirty ships at sea, the mav. rfl *, r ' ?nt 
as it were, insure one another. 1 tie premium saved 
upon them all may more than compensate Midi losses 
as they art likely to meet with in the common com si* of 
chances. The neglect of insurance upon sh'ppmg, 
however, in the same manner as upon houses, is, in 
most cases, the effect of no such nice calculation, hut of 
mere thoughtless rashness and presumptuous contempt 
of the risk. The ordinal y rate of profit al-vajs rises, 
more or less, with the risk. It does not, however, seem 
to rise in proportion to it, or .so as to complicate it 
completely. Bankruptcies are most fiequent in the most 
hazardous trades. The ino»t hazardous of all trades, 
that of a smuggler, though, when the adventure 
succeeds, it is likewise the most profitable, is the 
infallible road to bankruptcy. Tin* presumptuous hope 
of success seems to act here as upon all oilier occasions, 
and to entice sn many adventurers into those hazardous 
trades, that their competition reduces their profit below 
what is sufficient to compensate the ii.sk. To compen- 
sate it completely, the common letunis ought, over and 
above the ordinary profits of stock, not only to make up 
for all occasional losses, but to allbid a surplus profit to 
the adventurers of the same nature with the piofits of 
insurers. But if the common returns were sufficient for 
all this, bankruptcies would not be mute frequent in 
these than in other trades.’ ' Hook i. eh. x. 

\\ bother Adam Smith's conclusions be true or false, 
they certainly do not follow from his premises. Bank- 
ruptcies might be fiequent in a trade of extra- 
ordinary profit. We will suppose ten merchants each 
to employ for a \ear a capital of in a remark- 

ably safe trade, and ten others to employ equal capitals 
for the same period in a hazardous tiade; and ten per 
cent, per annum to be the average late of profit in 
undertakings involving similar trouble. The capital i.f 
£l0U,000 engaged in the safe trade would, at the end 
of the >ear, be raised to £110,000, but be distributed 
in the same propoi lions as bcfoic. If the capital 
engaged in the hazardous trade were also, at the end of 
the year, to amount to £ll(),0U0, it is clear that each 
tiade would have been equally profitable, although a 
different distribution of the capital might have numd 
so 1 1 1 . and made the fortunes of others, among the 
merchants engaged in it. Two might have lost, and 
two others might have doubled, their whole property. 

If the capital m the hazurdous trade were found, at the 
end of the year, to have been raiseil from £ I HO, Out) to 
£120,000, it is clear that the hazardous trade must 
have been twice as profitable as the safe one, though (he 
whole of the advantage might have fallen to two or 
three or even to one of the supposed ten merchants, 
leaving all the others to bankruptcy. 

Insurance was a still inure unfortunate source of argu- 
ment ; for all the premises thul it affords lead to a con- 
clusion directly opposed to Adam Smith’s. Insuranoe 
is one of the safest of employments. If hs profits be re- 
markably moderate, their moderation can be accounted 
for ouly by the extra competition which its safety invites. 
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It nlfimls therefore, at least one example in favour of 
the superior profits of lrj/ardotts employments. Nor 
can it he sai<l that the majority of persons despise the 
risk too much to secure themselves agu'iist it by paying 
a nioderaii' premium. So much do they fear the risk 
that they are willing to guard against it by paying a 
most immoderate premium. The sum received by the 
iusuiauce oiiiee must, as .Sclam Smith has remarked, 
exceed the value of the risk by an amount suiiicieut to 
pay the expenses of management, and aiford ordinary 
protit. The sum received by the office on common 
insurances against tire is Is. (id. per £lOt); of which at 
least (id. must go to pay expenses and protit, leaving Lv. 
as the value of the risk. But a dutv is also paid to 
Government by the insured of 3$. per .ill 00 ; so that the 
whole expense of insurance is 4s. 6d. per £ 100, or nearly 
live times the value of the risk. And, e\en at this ex- 
travagant rate, we believe that of good houses not one in 
a hundred is uninsured. So little do people despise 
the risk that, with their eyes open, they purchase a 
security against it at nearly five times its real value. 

We suspect the fart to be that the imagination is 
unduly aflected by the prospect either of enormous gain 
or of enormous loss; and, consequently, that men are 
ready to purchase the chaucc of obtaining a very great 
advantage, or the certainty of not suffering a very great 
disadvantage, at a price far beyond the value of either 
contingency. And this appears to he sufficiently pro\ed 
by the facts which have been stated respecting insurance 
ami lotteries. The English state lotteries of late times, 
indeed, afforded much more striking proofs of men’s 
tendency to over-estimate the chances of extravagant 
gain than those which Adam Smith had seen. The 
tickets were always worth exactly £10 apiece — £10 for 
each ticket forming always a sum equal to the aggregate 
amount of all the prizes ; the average price of a ticket was 
from £'21 to £2 1 apiece. Instead of twenty or thirty per 
cent, the purchase! s paid more than one hundred per cent, 
more than the value of their hope, just as, in the case of 
insurance, they pay nearly five hundred percent, more than 
the value of their fear. The purchasers of tickets seem to 
have considered the relation between £24 and £*20,000, 
not that between £2 1 and the one two-thousandth chance, 
of getting £*20,0()0. Just as those who insure their houses 
compare £2. a*, with £1000 instead of comparing it with 
the one two-thousandth chance of losing £ 1 000. Adam 
Smith lias well remarked, that if the disproportion between 
the sum paid and the cum attainable were altered, even 
though the bargain were rendered more favourable, the 
compel it ion for it would diminish. No one would buy 
half the tickets in a lottery, even at £12 a ticket; he would 
at once sec the absurdity of paying £120,000 for an even 
chance of getting £200,000, though, if a state lottery 
were now opened, a folly just twice as great in kind would 
be committed by thousand-'. So if, instead of one in 
two thousand, which we believe to be about the present 
average, one house in ten were annually burned down, 
and the annual expense of insurance were £22 10?. per 
cent., insurance would diminish, though the terms would 
be twice as favourable as they now are. 

Those employments which offer the possibility of a 
great return for a small outlay are of the nature of lot- 
teries ; and it may be supposed that they attract compe- 
tition in proportion not so much to the real value of the 
contingency as to the excess of the possible return over 
1 lie certain outlay. If that excess he very great, it may 
be supposed that the number of competitors in propor- 


tion to tlmt of prizes will reduce so low the value of Political 
each man’s contingency ns to render such employments Economy, 
on the whole unprofitable, in this Country the church, 
the army, and the bar, are such employments. They Dwtribu- 
offer prizes that may satisfy to its utmost almost every ft |j. 
human desire; and they require, as we have seen, t i l> 0 f 
from those who have already received a gentleman 's wages and 
education, a very moderate further outlay : the church pmfit in 
and tile army scarcely any; the bar perhaps £l;>00. ibfferent 
Under these circumstances, if the number of banisters 
were not Kept down by the necessity of years of irksome 
study, and the emoluments of the church and of the 
army and navy kept up by the funds appropriated to 
their respective use, we have no doubt that the compe- 
tition in these professions would reduce their average 
profit far below even its present moderate amount. VVe 
often hear proposals for equalizing, or rather for 
diminishing, the inequality iu ecclesiastical preferments. 

At first sight it appears a waste to pay £20,000 a year 
to an Archbishop for doing less than is required from 
the curate of a populous parish with only £100 a year. 

But if our object were to obtain an expensively edu- 
cated clergy on the cheapest terms, tfcat object would 
probably be best effected, not by diminishing, but by 
increasing, the value of the highest prizes. The 
revenues of all the English Bishoprics put together 
fall short of £150,000 a year. This sum, divided 


among the ten thousand livings, would raise the value ot 
each by ^15. Can anyone believe that such a change 
would not diminish the worldly attractions oftheehuich? 
Nothing sells so dearly us what is disposed of by a woll- 
cous traded lottery, and if we wish to sell salaries dearly, 
that is, to obtain as much work and knowledge as pos- 
sible for as . little pay as possible, the best means is to 
dazzle the imagination with a few splendid prizes, and, 
by magnificently overpaying ouc or two, to induce thou- 
sands to sell their services at half price. 

We have been told that it was once proposed at Rome, 
as the easiest mode of constructing a vast dome, to raise 
a mound of earth of the required shape, and build over 
it. But the expense of then removing the earth ap- 
peared enormous. On the principle which we have en- 
deavoured to illustrate it was proposed tlmt iu raising the 
mound the earth should be irregularly mixed with coins 
of gold, silver, and copper, amounting iu the aggregate 
to u sum equal to about half the aggregate amount of 
the wages which it would have cost to icmovc it by 
paid labourers, and then to allow the populace to remove 
ir in burrows, without payment. It was supposed (hut 
a sufficient number of persons would oiler their services, 
though, iu fact, working, in the aggregate, at half price. 

\V e have already expressed an opiuiou that the bar 
is belter paid than the church, and we uUrihute^lhis to 
its being less of a lottery. The expenditure, as we. have 
seen, is fur gi eater, and the prizes, on the whole, are 
smaller. Tin learned profession which offers the 
fewest prizes and requires the largest outlay, that ol a 
schoolmaster, as it ceases to be a lottery, is by far the 
best paid. There are probably few capitals which iu the 
aggregate yield so certain aud at the same time so large 
a profit. 

In some few cases commercial adventures arc of the 


nature of a lottery. Such were the shares which ex- 
cited the strange fevers of cupidity and speculation which 
marked the years of 1720 and 1S25. Of the thousands 
who crowded to buy Chili and Peruvian, and llio la 
Plata, and Columbian, and Mexican shares, how muny 
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can be supposed not to have ascertained, but to have 
endeavoured to ascertain, or even to have thought of 
ascertaining, the probability of their Company’s success ? 
All they knew was that Heal del Monte shares, for 
which £70 had been given, were selling for £1200 : 
and they bought a few shares in other Companies, 
because, if the speculation succeeded, they might get one 
thousand per cent., and if it failed they had only lost 
one or two hundred pounds. 

Generally speaking, however, those commercial ad- 
ventures which offer a large immediate advantage are 
more in the nature of ordinary gambling than of a 
lottery. The possible loss often equals or exceeds, and 
generally bears a large proportion to, the possible gain. 
The undue hopes and the undue fears, which we have 
described as excited by the prospect of enormous gain 
and enormous loss, may now be supposed to balance 
one another, and to leave room for the action of Adam 
Smith's principle, an absurd presumption in our own 
good fortune. If his theory be correct, if every man in 
tolerable health and spirits have a tendency to miscal- 
culate the chances in his own favour, it must follow 
that those speculations, which offer a groat gain at the 
hazard of a great loss, in\ite so much competition as to 
be, if not positively unprofitable, at least less advan- 
tageous than ordinary employments. And we believe 
such to be the case. Mining and stock-jobbing are 
employments of capital which offer splendid success at 
the hazard of ruinous failure. The former employment 
is notorious not merely as affording le j s than average 
profits, but as affording noaggegate balance of profit at 
all as productive in the aggregate of loss. Knowledge, 
diligence, capital, all the materials of success, are 
applied in (hiruwull to one of the richest mineral dis- 
tricts in the world, and yet it is supposed that the aggre- 
gate price of the whole of the copper and tin annually 
raised in Cornwall is not equal to the whole of the ex- 
pen.se of raising it. A few capitalists, however, make 
large fortunes, and their success draws on the rest, 
generally to loss, often to ruin. 

Even if speculation in the funds were attended by no 
expense, it is mathematically certain that it could in the 
aggregate afford no profit, 11 s what is gained. bv 011 c 
mi. st be lost by another. Hut it is carried on at a very 
great expense. Every transfer costs a commission of 
2*. Od. for every £ 100 stock. A man who annually 
buys and sells stock to the amount of £800,000, and 
that is far from a large amount for an habitual specu- 
lator, must at an average pay for commission £1000 
a year; ami that £1000 exactly represents the amount 
of his annual loss, supposing him to speculate with 
average success. 

On the whole, however, though we attribute some- 
thing to men's confidence in their superior good for- 
tune, we attribute much more to their confidence in 
their superior ability. A confidence which, if universal, 
would, on the whole, produce as much miscalculation 
as the former, but which is not obviously irrational 
in each particular instance, and on that very account 
is st ronger and more general. 

The third and last class of the employments of 
capital which are subject to uncertainty comprises those 
which are just the reverse of a lottery: those in which 
the gain is in each instance small, but nearly certain ; 
and the loss great, but highly improbable. 

If our theory be correct, this remote contingency of 
great loss must in general be overvalued, and the capi- 


talist who submits to it mu-t, in nddithm to the profit Political 
which would content him if his business were perfectly Economy, 
safe, receive at an average in the first place ;,n < \tra •v"~ / 
profit equal to the risk, and in the second place, n blither Distribu- 
profit to compensate bis anxiety, to compensate the 1ion * 
excess of evil occasioned by loss ov.r the benefit tint 
attends on gain, and a still fiirihci pu.fit to compensate vva^ea and 
the undue importance which he is likely to attribute to profit in 
the chances against him. different 

Now this class comprises almost all tho-o employ- on, l ,lo y- 
ments of capital which, to distinguish them Isom those ,luja ’** 
attended l.y extraordinary risk, are geneially termed 
safe. A merchant or a manufacturer who wishes to be 
safe must in general give up the hope of obtaining great 
profit by any single transaction. Hut no productive 
employment of capital can be perf etly safe. A capi- 
talist in.iy, indeed, Imd bis capital to one who wishes to 
emp’oy it, on receiving a pledge, and the pledge may so 
much exceed in value the sum lent as to make the loan* 
secure; but the capital itself, if employed, must be 
risked. Credit must be given, confidence must be 
reposed ill agents, ami when every precaution has been 
taken, an extraordinary season, an unexpected source of 
supply, a sudden change in foreign or dome-tic politics, 
nr a commercial panic, may produce ruin out of the best- 
arranged operations. No man in business can be per- 
fectly sure that in ten years* time lie shall not be a 
bankrupt. If we are right, this risk of enormous lors, 
when unbalanced by the hope of enormous gain, must 
be compensated by an extra profit of something more 
than its value, just as the chance of enormous gain, 
when not balanced by the fear of enormous loss, is 
purchased at more than its value; and as (lie latter class 
of employments gives a smaller, so the former must give 
a greater average return than would be afforded by an 
employment perfectly safe, if any such there be. 

Inequalities in wages and profits occasioned l>y the 

difficulty of irons f rring capital and labour from one 

employment to another. 

The inequalities in wages and profits which we have 
as yet considered arise from causes inbeient iu the em- 
ployments themselves which have been the subjects of 
discussion, and would, geneially speaking, exist even if 
one occupation could at will be exchanged fi r another. 

Hut great inequalities are found which cannot be ac- 
counted for by any circumstances leading men to 
prefer one employment to another, and which therefore 
continue only in consequence of the difficulties expe- 
rienced hv the labourers and ihe capitalists iu changing 
their employments. 

The difficulty with which labour is transferred from 
one occupation to another is the principal evil of a high 
state of civilization. It exists in proportion to the 
division of labour. Jn a savage state almost every man 
is equally fit to exercise, and in fact docs exercise, almost 
every employment. Hut in the progress of improve- 
ment two circumstances combine to render narrower and 
narrower the field within which a given individual can 
be profitably employed. In the first phiee the opera- 
tions in which he is engaged become lewer and fewer. 

“ In a pin- manufactory says Adam Smith, “one man 
draw's out the wire, another straightens it, a thild cuts 
it, a fourth points it, a fifth grinds it at the top tor re- 
ceiving the head ; to make the head requires two or 
three distinct operations; to put it on is a peculiar 
business ; to whiten the puis is another; it is even a 
•> a — n 
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trade by itself to pul them into the paper; and the im- 
portant business of mal.hu*- a pin is in this manner 
divided into about eighteen distinct operations.” in u 
large manufactory the man who is engaged in one of 
these operations has little experience in any of the others. 

And, in the second place, the skill which the division 
of labour gives to each distinct class of mtifleers gene- 
rally preveuts whatever peculiar dexterity an individual 
may have from being of any value in a business to which 
be has not been brought up. A workman whose spe- 
cific labour has ceased to he in demand finds every 
other long-established employment filled by persons 
whose time has been devoted to it from the age at which 
their organs were still pliable and their attention fresh. 

Mr. Ewart, one of the many intelligent witnesses ex- 
amined by the Committee on Artisans and Machinery, 
is asked : 

“ Can you state any tacts to prove the inelliciency of 
even the best workmen when they are taken out of the 
immediate line of their daily business, though in the same 
trade >” 

He replies, “Yes, I can: I should state particularly 
the ease of the clock and watch tool and movement 
makers in Lancashire; they are considered the best 
workmen; they u*e the same sort of tools that the 
cotton-machine makers use; but they are bi ought lip 
t.i no employment but making those clock and watch 
tools and movements. When those men come to he em- 
ployed in making cotton machines we find thut they 
lia\e almost as much to learn as if they had never 
learnt any working in metal at all. Wc have found 
them quite insufficient to do any ordinary filing and 
turning.”* 

Gamier, in the amusing notes to his translation of 
Adam Smith, contrasts the comfort of the lower oiders 
in France with the pauperism of England, and ascribes 
the difference which he discovers to artificial restraints 
on the circulation of labour in England, and the absence 
of such restraints in France. “ Under a government,” 
he observes, l< which does not interfere with the direction 
of industry, it is impossible that a man in health and 
strength call be without employment, unless his vices 
make employment intolerable to him. Let the workman 
be allowed to choose the market for his labour, and you 
may be sure that he will find one, and more and more 
certainly in proportion to the wealth of the Country. The 
complaint of want of work is the threadbare excuse of 
the idler who prefers iclief towages. If he were to 
search for it, he would find it as well as his companions. 
In France, though our population is one-third more nu- 
merous than that of England, and the fund for the sup- 
port of labour much smaller, the labouring classes ore 
free from want, or even discomfort.* 1 '}' 

There can be no doubt that we have among our insti- 
tutions and our habits much that fetters and misdirects 
the industry of our labourers ; and that these causes 
frequently occasion, and always prolong, the want of 
employment to which large portions of our labourers 
are frequently exposed. Y\e believe, too, that from many 
of these causes France is comparatively free. The mo- 
nopolies possessed by towns and by incorporated bodies 
of artificers, with their oppressive bye-laws and duties, 
were swept away by the Revolution. Much, however, 
that is productive of evils similar in kind, still remains. 

* Report on Ar titan i and Machinery , 1824, p. 201. 

f Note ?5. 


Not long ago the number of butchers in Puris was, by an Political 
ordou nance of police, restricted to four hundred. The most Ec onomy. 
important of all employments, that of affording education, 
is a government monopoly ; and the coinmcicial code of 
France is even worse than our own. If, therefore, the i ictjuali- 
hibotiring classes of Fiance never suffer from want of ti 'h «>1‘ 
employment, they do not owe their immunity to a com- 
plete, or even a very considerable, freedom from interfc- Jj ^ r|J|lt 
rcnce. If their employment be actually more constant than Countries, 
that of our labouring classes, wc believe that they owe that 
constancy principally to the inferior extent of their ma- 
nufactures, and, vvliat is both the cause and the effect of 
that infci Unity, to a much less subdivision of labour. 

Less than one-third of the population of England, and 
more than two- thirds of the population of France, arc 
employed in the cultivation of the soil. We are inclined 
to think that, notwithstanding this disproportion, the 
English labouring classes are better led than the French. 

But thcio is no comparison between their respective en- 
joyment of clothing and other manufactures. r l lie 
greater part of the coarser manufactures are both cheaper 
and better in England; while the wages in France, both 
of manufacturing and agricultural labourers, are about 
half what they me with m«. “ A peasant suffering 

severely from rheumatism/ 1 saysM. Say, (Cours Cojnphl, 
tome i. p. 4li,) 11 asked my advice. 1 recommended to 
him a 11 a line! waistcoat next the skin, lie did not know 
that there was such a thing as flannel. 1 told hint then 
to wear under his shirt a cloth waistcoat turned iusidc-out. 

How, lie asked, am l to get cloth to wear umh r my shirt, 
when I have never been able to nilbrd to wear it above ? 

And yet lie wus no worse oil than Ins neighbours. 1 * 

The French labourer, being employed in more capa- 
cities than the Englishman, has more trades to turn to, 
and for that very leason is less efficient at any one. Tins 
Russian is probably more seldom out of employ than 
the Frenchman, and the Tartar less frequently than 
cither. But few principles are move clearly established 
than that, cceh ris paribus, the productiveness of labour 
is in proportion to iL> subdivision, and that, catrris pari- 
bus, in proportion to that subdivision must be the occa- 
sional suffering from want of employment. A savage 
may be compared to one of his own instruments, to his 
club, or his adze, clumsy and inefficient, but yet com- 
plete in itself. A civilized artificer is like a single wheel 
or roller, which, when combined with many thousand 
others in an elaborate piece of machinery, contributes to 
effects which seem beyond human fo ice and ingenuity, 
but, alone, is almost utterly useless. 

The difficulty in transferring via tv ri at capital from one 
employment to another depends principally on the de- 
gree in which it has been manufactured, and on the 
change to he made in the disposition of its parts. The 
destimuion of raw muterinl can, in general, be changed 
with little inconvenience. The stones that have been col- 
lected for a bridge may easily be employed for a house. 

But if they have been formed into a house, or a bridge, the 
value of the materials would scarcely pay the expense of 
removing them. Those costly instruments vvlneli form 
the principal purl of fixed capital can scarcely ever 
be applied in their original slate to any but their original 
purposes. They are employed, therefore, in the same 
way, long after they have ceased to afford average profit 
on the expense of their construction, because a .still greater 
loss would be incurred by attempting to use them in a 
different manner. It would be u had speculation to 
erect u steam-engine at the cost of iT20 f 00t» which should 
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return an annual profit of only <£100, but it would be 
a still worse one to sell it as old iiou for £500. 

There is a considerable resemblance in this respect 
between mental and inanimate capital. Probity, in- 
dustry, judgment, elementary knowledge, and the other 
inorul and intellectual habits and acquirements to which 
we give the general name of a 44 good education,” are 
a kind of mental raw material, of which the destination 
can be altered at pleasure. The peculiar knowledge and 
habits of a given profession are like a steam-engine or a 
water-mill, of comparatively small value for any but their 
appropriate purposes. In general, however, mental capi- 
tal is the more transferable of the two, and becomes more 
and more so the more exclusively it is exclusively mental. 
The professional knowledge aiul dexterity of a weaver 
would he of little use to him in any other employment. 
A lawyer or a physician, prevented by circumstances 
from continuing to practise, would find the information 
and the intellectual habits which be bad acquired in his 
former profession of considerable advantage in any new 
one. llodily labour, especially when the labourer is con- 
fined to a very few operations, so that a few muscles have 
too much andlhferest too little to do, often weakens, and 
almost always distorts, the frame. Mr. Shaw, a surgeon 
of great eminence in the treatment of distortion, toll us 
that, as he walked along the streets, he could in general 
tell each man’s trade by bis characteristic deformity, lint 
mental exertion, unless in those rare cases in which it is 
carried to such an excess as to produce cerebral derange- 
ment, never seems to weaken the mind. It may some- 
time*, pel haps, a little distort it, may sometimes give to 
one or two faculties an undue preponderance; but even 
this, to such an extent as to diminish the productiveness 
of the individual’s subsequent exertions, is comparatively 
rare. And, in general, it will be fhuud, that the more 
work a man’s mind has done, the more he is able to do, 
and the better he will do it. 

The obstacles which exist, even within the same neigh- 
bourhood and the same Country, to the transfer of 
labour and capital from one employment to another, arc 
of course aggravated, when not only the occupation but the 
neighbourhood or the Country is to be changed. Ad:im 
Smith states the common price of labour in London and 
its neighbourhood to have been, when he wrote, Is. Od. 
a day, and the usual piice in the Lowlands of Scotland 
to have been Brf. “ Such a difference of prices,” he adds, 
“which it seems is not always sufficient to transport a 
man from one parish to another, would necessarily occa- 
sion so great a transportation of the most bulky commo- 
dities, not Only from one parish to another but from one 
end of the kingdom, almost from one end of the world, 
to another, as would soon reduce them more nearly to a 
level. After all that has been said of the levity and in- 
constancy of human nature, it appears evidently from 
experience, that a man is, of all sorts of luggage, the 
most difficult to be transported,” Hook i. ch. v i. 

When we compare the wages of labour in different 
Countries, we usually estimate them in money. And we 
are forced to do this for two reasons: first, "because the 
precious inctals are the only important commodities uni- 
versally distributed throughout the world ; and, secondly, 
because they arc the only commodities of which the 
value is every where the same, or very nearly the same. 
We should gain little information by comparing the 
number of pine-apples that can be earned in Java and in 
England by u week’s ordinary labour. And still less by 
comparing the quantity of pulque earned by a Mexican 


with the quantity of vvlikky earned by an Irishman. Political 
But money wages, though they measure accurately the Keun<m ‘>\ 
value of national labour in the general minkei of t|,a 
world, afford a very imperfect test of thedemve uitotr- 
fort and convenience obtained by the labourer in dilfi.ivnt lu'.uali- 
Countries. Now it is this difference, not the d.fierenee t.rslf 
in money wages, that leads him to change his residence; 
and we can ascertain, or rather approximate to aM.-t.T- 1:1 
tabling, these differences only by translating the money CeliiitiM 
wages in different Countries into the commodities ust-d l)y 
the labourer. The money wages of labour in North 
America are about one-third higher than in England; 
this is in some measure compensated by the higher price 
of manufactures. Blit as food, which everywhere forms 
the largest portion of the labourer’s expenses, is con- 
siderably cheaper than with us, the real superioiity nt the 
American over the English labourer is greater than is 
indicated by the difference in their wages. We are told 
(Crawford s Embassy, p. 466) that n day labourer in Ben- 
gal can hardly earn £3a year. Notwithstanding this 
low rate of wages, most manufactures are dearer there 
than in England. Food, of course, is cheaper; lor were 
it at tlie same price as the cheapest food in England, a 
family could not exist at about 1$. a week. And it is 
obvious that in every Country the average wages of labour 
must be sufficient to support an average family. In 
proportion to the quantity of land and labour required, 
rice is, perhaps, the most abundant food that the euith 
affords. Rice, therefore, is the food of the Bengallee, and 
his wages, supposing them to be ail laid out in food, would 
produce him about eight hundred pounds ; the same 
quantity of rice might be purchased here for about £10 
sterling. Estimated in money, therefore, wages in England, 
at £30 a year, are ten times as high as in Bengal ; esti- 
mated in manufactures, they arc more than ten limes ; 
estimated in rice, they are about three times as high. 

In comparing the rate of profits in two Countries, this 
difficulty does not exist ; both the advances and the re- 
turns being always estimated in money, the apparent 
must be the real difference between the rate of profits in 
any two Countries. 

The great obstacles to the circulation of labour ure 
difference of climate, distance of place, and difference of 
language. The first is by fur the most powerful, and 
so great that there is little voluntary emigration of la- 
bourers to a very dissimilar climate. Difference of lan- 
guage seems often a greater obstacle than very consider- 
able distance of place. The advance of wages obtained 
by an English mechanic in France is greater then he 
can get by going to America; but ten go to America for 
one who will venture to France. Differences in habits, 
government, and religion are comparatively weak obsta- 
cles, except in those cases where the differences have 
caused an antipathy, making immigration dangerous. 

Few Countries differ more iu habits and religion than 
England and Ireland, or in government than Ireland 
mid the United States. Yet we know how gre at i- the 
emigration from Ireland to both those Commies. Til 
general, however, the physical and moral obstacles to 
the emigration of single labourers, or even of bodies ot 
labourers, unless supported ami directed by a very con- 
siderable capital, ore such that it seldom takes pmce 
unless under peculiar circumstances; such ns tin se of 
Irelund and England, or Ireland and America, where 
the temptation is very great, the physical obstacle only 
a passage of a few weeks iu ihe one case, and a few 
hours in the other, and the language the same. 
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But the voluntary migrations of capitalists and la- 
bourers united, and t he attempts by capitalists to force 
the involuntary migration of labourers, have been among 
the principal causes that have advanced and retarded the 
improvement of mankind. To the first class belong 
those hostile migrations in which a whole nation, in the 
hope of obtaining a climate or a soil more favourable to 
production, has moved in a body to seize the territory of 
a neighbour. From the invasion of Egypt by the Shep- 
herd Kings to that of (3 recce by the Turks these move- 
ments have kept the inhabitants of the whole of our 
hemisphere in a constant fluctuation. Many Countries, 
and among them our own, have been so covered by suc- 
cessive strata of occupants, that no trace of the first 
settlers can be discovered ; in others, the poor remains 
of the aborigines are discovered, like the Ilelofs of La- 
conia, the Fellahs of Egypt, or tile Wheels of Hindustan, 
by their misery ami degradation. Europe, in its present 
stale, does not fear these invasions. They could not be 
attempted by a civilized nation, nor, in the present state 
of the art of war, could they be successful (i^ahwt one. 
But, until the improvement of military science and the 
extensive use of machinery in war, gave to wealth and 
knowledge their present superiority, these attributes seem 
to have been sources rather of weakness than of strength. 
The least polished people seem, on the whole, to have had 
the advantage. Cicero confesses the warlike superiority 
of the Gauls over the Romans. It was not till after 
Gaul had become comparatively civilized that her mili- 
tary fame was recalled as a tradition.* A few centuries 
of peace made the Britons an easy prey to the Saxons, 
and the Saxons to the Danes. Under such circumstances 
the permanent improvement of the human race seemed 
almost hopeless. And if gunpowder had not been 
brought into use just at the time when those military 
virtues which belong to semi-barbarism were decaying, 
it appears probable that another irruption of barbarians 
might have brought back another middle age, in which 
Europe might have lost all that she gained between the 
Xllth and the XVth Centuries. 

Resembling in kind these migratory invasions, but 
very different from them in effect, have been those emi- 
grations on a smaller scale, to which wc give the name 
of colonization ; in which a portion of a comparatively 
civilized nation have gone out, with their knowledge and 
wealth, their material, and moral, and intellectual capital, 
and settled in an unoccupied or thinly peopled district. 
It is a remarkable ami a most unhappy circumstance 
that, notwithstanding the progress of political knowledge, 
the true principles of colonization have been less and 
less understood, or, if understood, less and less acted on, 
as civilization has advanced. The earliest colours with 
which we arc acquainted, tho v e founded by the Pluis- 
uicians and the Giccks, seem to have been founded for 
the benefit of the colonists. They we*c allowed to ap- 
point their own governors, to direct their own industry, 
and to manage their own concerns; and they relied 
on themselves for their defence. They weic children, 
hut emancipated cliildien ; and their progress w;is in 
proportion to their independence. The Phoenician 
colonies in Africa and Syr.a, and the Grecian colonies in 
Italy, Thrace, Sicily, and Asia, seem quickly to have 
risen to an equality with, or to have, surpassed, their 
Mother Countries; to have obtained, in fact, all the 
wealth and power which their extent of territory, and 


the religion and knowledge of the times, made it possible 
to acquire. The Roman colonics scarcely deserve that 
name. They were generally formed by grants of fhe 
lands, the capital, and the persons of conquered Tribes 
almost as civilized as their conquerors to the armies or 
to the populace of Rome, as a reward for services in 
foreign or civil war, or for sedition and riot in the forum. 
It may he a question whether they accelerated or re- 
tarded the improvement of the world. 

The colonies of modern Europe have been established 
partly for the benefit of the colonists, ami partly, as it was 
supposed, for that of the parent state. The latter has, 
in general, contributed a part of the expense of outfit, 
and almost all the expense of protection against foreign 
aggression. She has also, in general, given to her 
colonies a monopoly, nr something approaching to a 
monopoly, of her market. On the other hand, she has, 
in general, required her colonies to gi\e to her own pro- 
ductions a much stricter monopoly. She has, in genera), 
required her colonies to receive European productions 
solely from the Mother Country, and to export only to 
the Mother Country colonial productions. She has. in 
general, appointed the principal officers, and interfered 
in the internal management of her colonies. She has 
not only prohibited the colonists from purchasing in 
any other market what could be produced in the Mother 
Country, but has prohibited them from producing for 
themselves. She has peopled them with the refuse of 
her gaols, and governed them by the refuse of her aristo- 
cracy. The Court of Spain commanded the vineyards 
of Mexico to be rooted up; the English Parliament lor- 
bade Jamaica to discontinue the slave-trade, prohibited 
the establishment of iron, woollen, and bat manufactures 
in our North-American colonies, and even now forbids 
the West Indians to refine their own sugar. The 
Mother Country dragged the colonists into all her wars, 
and, from their comparatively defenceless situation, 
exposed their trade to more loss, and their persons and 
property to more danger, than she encountered herself. 
And when the rising strength of the colony rendered 
these oppressions intolerable, no Mother Country has 
yet had the good sense to submit quietly to a separation, 
which, even if it could have been avoided, mi j lit have 
been desirable; and which, whether expedient or not, 
was inevitable. England, France, Portugal, and .Spain 
have all wasted, in the vain attempt to retain their 
colonies, ten times more wealth than was expended in 
founding them. 

iJut, mismanaged a> colonies have been, they have, 
without doubt, been one of the principal means by 
which civilization has been diffused. 
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The separate attempts by independent capitalists to 
procure the voluntary emigration of labourers have 
generally been made on a small scale, and have been 
improb able to t lie undertakers, in consequence of the 
difficulty of compelling or inducing the labourers to 
perform thfir engagements, and work diligently at a 
rate of wages sufficiently inferior to the current rate of 
the colony to repay the expense and risk of the capi- 
talist. £ir R. Wilmot Horton’s pinna (or effecting 
emigration on an extended scale, and as a untioiml 
undertaking, have not received the attention which the 
magnitude of the probable advantage, and the unwearied 
diligence and public spirit jof its proposer, deserved. 
And the scheme for founding in Australia a colony in 
which the first price of all the land shall be employed in 


* OaffuK in hello flormngc it u flirt mug. 



223 


POLITICAL ECONOMY. 


Political 

Economy. 


Distribu- 

tion. 

Inequali- 
ties of 

WUgeB ill id 

profit in 
different 
Countries. 


transporting; labourers, lias not yet been submitted to 
the test of experience. 

The attempts by capitalists to force the* involuntary 
migration of labourer* have been productive of almost 
untnixed evil. They produced, and have continued, the 
abominable truflic in which man is the commodity; — a 
traffic which, partly by its direct effects, and partly by 
the wars and general insecurity which are its necessary 
accoinjninimenis, retarded more than an) other cause the 
early civilization of Europe; has Kept, and continues to 
keep, the greater part of Asia, and the whole of Africa, 
in hopeless barbarism ; and has divided the inhabitants 
of the most fertile portions of the Continent of America, 
and, until lately, those of almost all her islands, into two 
classes only, the oppressors and the oppressed. 

The transfer of capita! from one Country to another is 
subject to less difficulty. When the exchange is at par 
between any two Countries, capital can be transmitted in 
the shape of money without any expense. And as 
the occasional loss which occurs when the exchange is 
against the Country to which it is to be exported is 
compensated by the occasional gain when it is in favour 
of that Country, it may fairly be said that monied 
capital is transferred from Country to Country without 


expense. The chief obstacle is the unwillingness of Political 
capitalists either to tried their capital out of their own Kconorn y- 
superintendence, or to encounter a change of covei n- 
ment, habits, climate, and language, by ac^ompanyitin- 
it. Difference of language, however, is felt as a 4ignt Ia^unli- 
objcctioii by educated men. Nor is difference oft .-*of 
government of great inipoilaine to those who prt>\n*.e ■'•»?*» and 
only a tiausitory residence. The d.HVieiice indeed is }J!^ * n t 
often considered an advantage. During ihe late war, c«!u, [tries. 
London was filled by foreign capitalists \vh<v-e piiucipnl 
motive was to escape ihe tyranny of Napoleon. Diller- 
enccs of habits and climate arc more material, especially 
the latter; blit even these do not seem to counter- 
balance a great increase of profit. There is scared) a 
port in the civilized world in which a considerable part 
of the mercantile class does not consist of the -natives of 
Great Britain. The inequality in the rate of profit 
throughout the civilized world is, therefore, much less 
than the inequality of wages. And as the general 
progress of improvement tends more and more to 
equalize the advantages possessed by different C ountries 
in government and habits, and e\en in salubrity of 
climate, the existing inequalities of profits are likely to 
diminish. 
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('•luta.ds. Voi.nu m TCl'inou* defined as, Tlu* Science wl.ich treats of the N\- 
■him:, tin* hioiumi'N, uuil the distribution ol' NVr.Aj.ni, lJy. 

\Y 'evi.tii defined, us comprt heading all these thing**, and thane 
things i nly, which an* tiunsferabir, fimdtd in supply, aud 
diiectly or indirectly productive of pleasure or preventive of 
pain, or, to use un equivalent expression, which arc susceptible 
of exchange, or, to use a third equivalent expression, which 
hire rntiw, 131. 

Constituents of NVk \ li it 

1. Utility , 131. 

2. /. imitation in supply, 131. 

3. Transferubleness, 132 

/imitation in supply the most important, 133, 

Vai.uk <lv lined as, The yuahty in any thing which fits it to he given 
anti received i n exchange, 13 1. 

The intrinsic causes of the value of a commodity defined as. Those 
which give to it utility and limit it m supply. 

Tile extrinsic as, Those which limit the supply ami occasion the 
utility of the commodities for winch it to he exchanged, 134. 

Steadiness in value depends on the permanence of the intrinsic 
causes of value, 137. 

Objections to the definition of wealth considered, 137. 

Statement of the. four elementary proposition* of the S< icnec • 

1. That every man dt sires to obtain additional wealth with 

an little sacrifice a.s possible. 

2. That the population of the world, or, in other words, the 

number of persons inhabiting it, is limited only by 
moral or physical evil, or by fear of a deficiency of 
those nr tides of wtalfh which the habits of the indivi- 
duals of each class of its inhabitants lead them to 
require, • 

3. Thai the powers of labour, and of the other instruments 

which produce wraith . may be indefinitely inert ase>l by 
using then products as the means of further production, 

4. That, agricultural shill remaining the same , additional 

labour employed on the. land within « givtn district 
produces i/» general a less proportionate return , or, in 
other words , that though , with every increase of the 
labour bestowed, the aggregate^rtium is increased , the 
increase of thr return is not in proportion to the in- 
crease of ihe labour, 139. 


Dcvelopoment of the tird element aiy proposition, namely, the ge- Content* 

tiered desire of wealth, 1 30. 

Dcvelop. nu nt of the second elementary proposition, uanuly, the * 
c«u*f\ uhich limit p'-pulaikn, 1*10. 

Production defined as the occasioning an alteration in ihe condition 
of the existing particles uf matter, fur the occasioning of which 
altri ation, or for ihe things thence resulting, something may be 
vbtaimd m f.uhunge, Tim alteration tt a product, 1 19. 

Products di\ided 'into services and cum modi firs. A uiTice is the 
act of occasioning the above-mentioned alteration. A commo- 
dity is the thing as altered, 150. 

Consumption defined as the making use of a thing, 15 1. 

Productive consumption defined as that use of a product uhich occa- 
sions an ulterior product. Unproductive consumption us (foil 
use ichich occasions no ulterior product, 151. 

Instruments of production : — 

Primary, 1. labour; 2. natural agents, 152. 

1. Labour defined as the voluntary exert ion of Ijdu'y or 

mental faculties for the put pose of production , ] 52. 

2. Natural agents defined as those productive agents •rhnft 

da not derive their powers from man , 152. 

3. Third and secondary instrument of production. Ab- 

stinence. Abstinence defined os the conduct • f a 
person who cither abstains ftom the unpmdu> ta\ ;/*c 
of what he can command, or designedly prefers th • 
production of remote, to that of immediate, result 
153. 

Abstinence, comhiued with one or both of the ether two m*>(i unu-uts 
of pioduction, occasions the existcuce »if •«■ pitul. (\ijrtul de- 
fined as an article of wcidth. the t’t tdt of human cu-ouon. t/n- 
pl'iy'd m the production vr did/ finite n o f tend. h. IV?. 

Different modes m which capital may he employed. 1 '>■>. 

Statement of the advantages derived fu.m the use of capital. 

1. The use of implements, l. r )fi. 

2. The division nf labour, 159. 

Under these he.uls the thud eleimutary pioj»> sitii -i ui 
the Science »s developed. 

Additional labour when employed in manufactures is #// - * r. w hen 
employed in apiculture is less, ellicienr in propul u«.:i^ 162. 

Dcvelopem’ent of.thc fourth ekmcntaiy preposition el the Science. 

Distribution. 
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Contents. Society divided into three r A is sex, labourers, capitalists, and pro - 
prirtors of natural ay* ids, each clnS'i having a different instru- 
ment, a different conduct, and a different remuneration, ] Gf>, 

Nomenclature u; plicaMf to the tirst c'ass, the labourers, 165. 

Nomenclature npp'ic.ihlc to the second class, the capitalists , 165. 

Nomenclature applicable to the third class, the proprietors of 
natural ayents, 166. 

Kxciianuk. 

f W of production defined as the sum of the labour and abstinence 
necessary to production, 170. 

Divided into cost of production on the part of the producer , and cost 
of production On the part of the consumer, 170. 

These are the same, unless the production he subject to a monopoly , 

Monopolies divided into four kinds : — 

1. A monopoly under which the monopolist lias not the 

cncIumvc power of producing, but exclusive facilities 
ns a producer which inny be employed indefinitely 
with equal oi increasing advantage, 171. 

2. A monopul) under which the monopolist is the only 
4 producer and caunot increase the amount of lus pro- 
duce, 1 72. 

3. A monopoly under which the monopolist is the only 

producer and can iucreuse indefinitely vv ith equal or 
increasing advantage the amount of his produce, 

4. A monopoly under which the monopolist is not the only 

producer, but bus peculiar facilities which dimmish 
and ultimately disappear as he increases the amount 
of his produce. 1 72. 

The last is the great monopoly of land, 17*2. 

Effects of the cost of production on price, 175. 

Effects of monopolies ou price, 176. 

Consequences ot the proposition that additional labour when em- 
ployed in manufactures is more, and when employed in agri- 
culture is less, etficieut in propot lion. 

I, Different eifects of increased demand oil the prices of manufac- 

tured, and of raw. produce, 178. 

II. Different el fee Is of taxation on the prices of manufactured, and 
of raw, produce, 179. 

Discussion whether certain revenues ought to l»e called rent, profit, 
cr wages, 1 82. 

Causes on which the proportionate amount of rent depends, l S3. 

Discussion of the circumstances which decide what, at a given 
timo and in a given place, shall be the average rate of wages 
and the average Tate of profit. 

Statement of the question, 183. 

Meaning of the words high and low as applied to wages, 188. 

Difference between the amount of wuyes and the price of labour, 
191. 

Proximate cause deciding the rute of wages slated to be the r stent 
of the fund for (he maintenance of labourers compared with 
the number of labourers to be maintained, 1 9.1. 

Discussion or seven opinions inconsistent with this proposition : — 

1. The doctrine that the rate of wages dejends solely 

on the proportion which the number of labourers 
bears to the amount of capital in the Country', I 93. 

2. The doctrine that wages depend on the proportion 

borne by the number of labourers to the whole re- 
venue of the society of which they me members, 191. 

3. The doctrine that the non-residence of unproductive 

consumers can be detrimental to the labouring in- 


habitants of a Country which does not export raw Contents, 
produce, 1 93. v »«— • y Wl, / 

4. The doctrine that the general rate of wapty can, ex- 

cept in two cases, be diminished by the introduction 
of machinery. 196. 

5. The ilbcuine that the general rate of wages can be re- 

duced by ihe importation of foreign commodities, 199. 

6. The dnetuue that the unproductive consumption of 

landlords and capitalists is beuctiriul to the labour- 
ing classes because it furnishes them with employ- 
ment, 199. 

7. The doctrine that it is more beneficial to the labouring 

Hasses to be employed in the production of servicis 
than in the production of commodities, 200. 

Statement of the causes ou which the extent of the fund for the 
maintenance of labourers really depends. 1. The productive- 
ness of labour in the direct or indirect production of the com- 
modities used by the labourers. *2. The number of persons 
directly or nwliiectly employed in the production ot things 
for t lie u .e of labour* rs compare 1 ! with the whole number 
of Inhuming families, 201. 

I. Causes on winch the productiveness of labour depends: — 

1. The eoiporeal, intellectual, and moral qualities of the 

bibourci, *202. 

2. The ns ->i <4an it* of natural fluents, 20'2. 

3. The assistance of capital, 202. 

4. The exist i nee or the absence of government inhr- 

fei'Oiicc, *2u2. 

II. Causes which dive it labour fi inn the production of ei m nulli- 

ties for the use of lnboming families: — 

1. Kent. 20-1. 

2. Taxation, *205. 

3. Protit, 206. 

Profit consists of the difference between the value of the advance 
made by the capitalist and the value of thu return, *207. 

IIow that value shoo'd be estimated. 206. 

The facts which decide in what proportions the capitalists and 
Inhume; s slime t lie comiinoi hind alter the deduction of lent 
and taxation stated to be two : first, the y envoi rote of pr fit 
m the Country on the u leant e of ••npitot fir a given prn, ni : 
and, secondly, the period uhtch in inch particular ease A. n 
elapsed ht tween tie advance tf the capital ant the recap! up 
the profit , 200. 

Cause regulating the rate of profit ascertained to be 1h * prop- rdon 
which the supply of capital employed in providing wages beat s 
to the supply of /about cis, 209. 

Causes regulating the pciiod of advance incapable of a general 
statement, 210. 

Capitalists and laboureia interested in the period of advance only 
ku far ns they are consumers, *211. 

Cuu sen of variation in the amount of wages and the rate of pr .tits 
iu different employments of labour and capital assigned bv 
Adam Smith : — 

1. Agreeableness. *212. 

2. Facility of learning the husincRP, 214. 

3. Constancy of employ ment, *215. 

4. Trust woithi.:ess, 216. 

5. Probability of success 21 fi. 

\ anations occasioned by the difficulty of transferring labour mid 
capital from one tniploymcnt to another, ‘219. 

From one country to anuthi”, 221. 
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Carpentry. CxnwtifTRY i^tho Art -of ^Ve^ng timberprindpally for fteteforr* i$ u*ed;Orilyo^ariohally in small quantities. Cwwarfrv 
wv-»/ the constructiqriof building. ; V Arooiigjthe timbers which are more easily wrought, fir 

In the following Essay we shall first Mat op "the »- the most usefuly on accent ofits durability atad The general, 
nature eudproprtie® of timber ; we shall then proem strength, the sttaighfri$a& of Sts fibres,** alto the ease of fir in 
to the practical application of timber to Carpentry ; and. by which H mat bit ^wbed.into various figures or cut »u * uiW,n * 
to the principles and . pra^tiee of geometrical operatiodf . avery direction. , We shall, therefoVe,^re«t onr attention 
required in wording drawing*, in order to effect thereon- principally to fitt$ fep^iles of" timber r bqt not to that of 
struction of buildmgs in the easiest and most substantial 


the growth of our jOWit Country, 'which is hot only 

manner. V weaker, but more subject to decay than foreign timber. 

" Timbef Is Imported into Britsfih from the North of 
Europe and from North America.. European fir is , 
distinguished bj'the names of the. places from, which 
it is cut; tr». M^me{ r Paat»c 9 Riga, Norway, Prussian, . 
and Russian; an&come* under the Ibttaa 6f baulk and 
deal timber • Baulk timber consists of the largest square Baulk tin. 
bare which can be cut from file .trunks of trigeS, being h»? 
generally from eig^t tqsbdden inches sqoare, ahd Sortie- ' 
times extending to sixty file t In length or more. 1 American ' 
baulk timber is of mp<^ Burger gro wthtban European, 
being from two feet ($ tWa feet six inches squi*re,at*d in 
length from twenty-five to fifty feet, oreven^ipb^^;^ V. 

Deals are rectangular burs from fwo^and A bii^Up 
three inches in thickness, and are also jmported ^tn ^ y 
America as well as front the North of Europe. i$uroj&*«i Tfceirdt 
deals are from ten to twenty foet in length^ aiid from eight^^** 
to eleven inches in breadth, imdAmerfean deiW'iMy 
from ten to twelve feet in length, apdfrom nfriefo eleven 
inches In breadth. The colour of t imtNriris either redid-? , 
dining to yellow, or white, and ia there fqrccat led ycUow v : 
d white fir accordingly, or sonwtijoes fbd ahd whUc^r.^' 

The fir timber which is the most eficemed fot mis 
Country is imported from Mentel, Rlj^; and ]>g.ntaic. <; 

Norway fir also is much used for the smaller timbersot* 
a building, and is extremely durable whet? exposed . to 
the air or kept under ground. Red and white pine are 
imported from America. *' ' . . ,, 

Deals are either white pryfilow r a*tf»iWfii fi * ( &e*f4aiffg 
timber firom which they^ar^ etd, Ibe best J^inpeim ^ hoiWiiig. ; 
deals are from Christiana. .. White deals are also Imported 
from America. Dads are mostly used in joinery. 

Yellow Ben! ft? considerably 1 harder than white deal, had 
being saturated with turpentine hm&sr jmaiited 
enduring 

liable tt> shHnt Uj.n wnoWv w prtper for --^*-— 


Various Kinds and Properties of Timber. 

Timber is obtained either from the thinks or branches 
of trees. The trunks of trees approach to the figure of 
the frustum of a cone not differing materially from that 
of a cylinder, the difference Of the diameters at the ends 
being generally very, small. 1 In order, therefore, to 'de- 
scribe the propWrties of timber we shall suppose that; 
when it is cut into such trunks, the figure of each trunk 
is that of the frustum of a cone, of which the diameters 
of the circular ends even of very long pieces fid not differ 
considerably. ’• • 

When timber is split by any straight-edged instru- 
ment, the surfaces which are separated are very nearly 
in plaues, and would pass through the vertex of the cone 
were the upper part restored ; and as the 'splitting may 
be made both in parallel and in transverse planes so as 
to form bare which shall have the areas of their sections 
as small as we please, the bare may have their right 
sections as * small as threads ; such threads are called 
fibres, and timber which has. the property of splitting' and white fir accordingly, or sometimes 
into such small rectilinear parts is said to ‘be' affright rBn ‘- *- 

groined. 

If two square bare of equal lengths and breadths be 
cut from the same trunk or stem of a tree, the length of 
one of the bars being in the direction of the fibres, the . 
length of the other perpendicular to the fibre*, the trans- 
verse strength of the bur, Of which the length ia in the di- 
rection of the fibres, would exceed A t he transverse Strength 
of the bar, of which the length is perpendicular to the 
fibres, several times f become experijrnenis the lon- 
gitudinal bar is threfe 'jutatf** airong'ak file', trans- 
verse bar. Moreover, £ timber bar,, of which the length ‘ 
is in the direction of firo mwfih will also i^sitheforce 
of extension or that bf com plreSsloh with much greater 
effect than when the length is perpendicular or obKque 
to the fibres. Hence, since timber must ‘always, be 
employed either to resist transverse, ^xt^ndl^, ar 
compressing forces f itis always ,d prided for^t^wi jA the 
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snnu? length and breadth as tjie deals front which they 
are out by means of the pit-saw Bars thus cut. from 
two to seven inches in breadth, and from half an inch 
to two inches in thickness, are called battens. Bars from 
seven inches to any greater breadth, and from half an 
inch to two inches in thickness, arc called ftonre/s, and all 
boards above nine inches in breadth are called planks. 
Bars are sometimes so cut. that their right section is a 
quadrilateral or four-sided figure, of which two opposite 
sides are not only unequal, but the greatest is vcry'small 
compared to either of the other two ; such boards are 
called feather-edged hoards , and are of. the same breadth 
and thickness as those which are rectangular. There 
are other names belonging to deal timber when ent 
into boards, as half-inch, three-quarter inch, inch, &c. to 
two- inch deal. Whole deal board ? are those which are 
one inch and a quarter thick. Slit deal are boards made 
by dividing a three-inch deal by five cuts of the pit-saw 
into six boards ; thinner bourds are called veneers. 

When deals or other timber bars are divided into 
boards of the sarrfe breadth and length by means of the 
pit-saw, the surfaces of these boards are very liable to 
change in various parts, from a plane surface, as was in- 
tended, to vaiious curved forms. 

Though bars and boards may be selected of a texture 
apparently uniform, the fur greater number contain knots 
at the points in which the branches begin to issue from 
the tree, and thc«c knots are attended with a coiling of 
the fibres round each ; the wood of such a bar or board 
is called ni rfing stuff*. The term stuff* is a very com- 
mon expression with workmen tor any material they 
may lin\e to use as timber, See. Chan stuff* is that which 
is without knots or sap wood. Free stuff' that which is 
clean, and works in the operation oi planing without 
tearing. Frowy stuff* is a piece of timber or board of a 
soft texture, and with brittle fibres. 

Timber after having been cut into various rectangular 
bars, when exposed to the weather will contract in breadth 
and thickness; but after a certain time, in a uniform 
temperature, will cease to become less. This contrac- 
tion arises from the expulsion of the natural snp, and 
may be promoted by various menus ; but whether by 
Nature or Art, a piece of wood or timber having under- 
gone this change is said to be seasoned. 

The surfaces of all rectangular bars, though they may 
have remained correct after having been cut or divided, 
will he very liable to change in seasoning, so as to be- 
come concave and convex in various directions, and thin 
bars will be more liable to this change than those which 
are thicker. 

When any face of a board or piece of tirnher is a 
quadrilateral, and when the surface is concave between 
two opposite corners and convex between the other two, 
the surface is said to wind , or to be winding. 

Such a form of surface is also said to warp , and the 
effect is called warping. Some woods are more liable 
to warp than others; thus American white deal is more 
liable to warp than tint from the North of Europe. The 
warping of timber is occasioned hy some of the fibres 
being in a state of tension, and others in a state of com- 
pression ; circumstances which arise from the. unequal 
exposure of timber in a growing state to the weather, 
and from knots and other irregularities. 

Timber, in the act of seasoning, is not only subject to 
bend and warp, but is also liable to rend in various 
places. Timber* which is thus partially split is said to 
be tnakeru This disagreeable effect may be often pre- 


vented before the timber is used by being careful in the 
seasoning ; and after it has been put to use, by painting 
the exposed surface immediately with two or more coals 
of oil paint. 

A piece of timber properly seasoned is not liable to 
warp, or to change its magnitude in any considerable 
degree ; and besides, its stiffness and hardness will be 
greatly increased, fn [this state it is best adapted to 
every purpose of building. Timber is contracted in 
breadth or in thickness in passing through the various 
degrees of change from moist or dry weather, and ex- 
panded in passing through the contrary state ; but 
whatever variation takes place in a direction perpendi- 
cular to the fibres, the change of length in the direction 
of the fibres themselves will be almost imperceptible. 
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A piece of timber may be compressed in u direction Compros- 
perpendicular to the fibres; so that after the compress- 
ing forces are taken away, it will be greatly reduced in un 
breadth or in thickness, blit very much increased in 
hardness. No compressing forces, however, can be 
employed to shorten its extension in the direction of the 
fibres, in any sensible degree, without crushing or crip- 
pling the fibres. 

Another valuable property which wgod possesses, is TV uIV.iic 
that two or more pieces may be connected together by »nj 
an intermediate substance called glue. The two pieces 
thus connected will acquire a degree of adhesion equal tu ‘* 
to that of the wood itself in separating the fibres Inniyi- 
tiidinallv from each other; and thus two or more hoards 
may be joined edgeways, so as to fomi a smlii.v to 
any ex lent .of breadth which may be required. It inud, 
howe\er, be obserted, that whenever two or more pieces 
of wood are glued together, they must not be exposed to 
a damp situation; and therefore mud nlwny- he under 
cover to protect them from the influence of the atmo- 
sphere.* No boarding, however, of this description can 
lie made so that one. of its surfaces may fill a permanent 
inclosure, or surrounding border, or frame, from the 
shrinking of the timber in its transverse, direction ; and 
if a board thus glued together be fastened along its two 
longitudinal edges, (supposing the surface a rectangle,) 
jt will be liable to split, and the exposed Mil face will be 
liable to change from its first position. 

A series of boards placed together, so that the edges 
may join each other, and that u right line, or straight 
edge, stretched along the whole may coincide with the 
surface of any board thus joining, is called a plane of 
boarding; or, more generally, common boarding. 

A most useful property of timber is, that a spike or TV of n,nn 
nail of considerable thickness may be driven into a piece iu.i *m ng 
of wood of sufficient substance to a considerable depth, or f“ l -l ,tr - 
even through its whole breadth, without splitting it, and 
without having any other effect than merely compressing 
the fibres on each aide : and the adhesion of the nail nr 
spike thus driven is so strong as to require very great 
power to extract it. 

Timber exposed to the action of the atmosphere is 
subject to speedy decay by rotting ; the period of its 
duration may, however, be greatly prolonged by painting 
its exposed surface with two or more coats of oil paint ; 
but, previously to the operation of painting, if the sur- 


* Unless the glue be made iA the following manner it will not 
endure the weather. Mix with the glue white lead and linseed oil 
in a leaden pot, which is considered the heat for the purpose, and in 
this vessel boil them a sufficient time; and the compound of these 
materials Ih’ift prepared will 1* found to answer the puqroses, apply- 
ing it in the same manner as before described with common glue. 
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Carpentry, face he covered with two or more coats of linseed oil, until 
the wood become wit ura ted to a considerable depth from 
the surface, this last process will greatly extend its 
period of duration. 

Hoards may be bent upon a curved surface, or upon 
several bars of wood'; of which the edges are arranged 
in a curved surface by means of nails. 

IIow timber Timber bars may also be bent by being brought 
« tent into a pliable state either by boiling or steaming; and 
in this slate, if sufficiently softened by the operation, 
they may be bent, so that the linear edges may form 
plane curves, to a certain degree of curvature ; but, 
however pliable the state# to which the timber maybe 
reduced, it is very difficult to bend a bar so that the 
linear edges may form curves of double curvature. After 
a piece of timber has been thus bent, and become cold 
and .sufficiently dry, if it be taken off the mould, the 
curvature will be lessened in a small degree ; and if 
the ends of the piece are not confined, it will still con- 
tinue to unbend, as it endeavours to regain its rectilinear 
direction. 

The solid materials fitted for building are stone, 
brick, metals, and timber. Iii comparing two square 
rectangular burs of equal length and of equal breadth 
upon each side, trie one bar being of stone and the other 
of timber, (we shall say of yellow deal,) then, whether 
these bars be employed to resist the force of tension 
or compression, or a force transversely applied, it will 
be found that the timber bar is the strongest ; hence, 
yellow fir is preferable to stone when used either as a 
tie or a straining bar, or to sustain a weight or pressure 
acting transversely. Timber is lighter than stone, and 
there tore throws less stress upon its bearing supports. 
Tm I'n'i . Moreover, bars of timber can be procured in lengths 
I.: vastly greater than that of stone, and therefore in this 
tVwiu Lillie r res l )ecl morc accommodating to a great extent of bear- 
ing; mid not only so, but to form bars of stone would 
be much more expensive than those made of timber. 
Timber is not only preferable to stone in resisting pre**- 
sure, but also in resisting percussion. The use of brick 
in resisting a transverse strain, or the force of extension, 
is altogether out of the question. As to metals, iron is 
the strong! st of those that are sufficiently cheap for com- 
mon use. Iron bars arc stronger than wooden bars of 
the same scantlings iq any of three modes of applying 
lowers ; but yellow fir is stronger and cheaper than iron, 
weight for weight ; on this account, therefore, it is more 
economical, and consequently morc generally employed. 

Iron lias, however, some properties which timber does 
not possess ; vis. that it can be easily bent into curves of. 
every degree of curvature, or even formed into the most 
acute angles, without the strength being sensibly ini* 
paired ; but straight -grained timber can be bent only 
into a small curvature ; and in no case can a single piece 
of such timber be formed into no angle without weaken- 
ing the piece by cutting it across the fibres ; neither can 
two bars of straight-grained timber be joined so as to 
form an angle, which will not be much weaker at the 
joint than in any other section of each of the parts. 

Use of iron Thus it is that iron becomes a useful auxiliary in 
iu building, securing the joints of timber framings either \n the form 
of straps, bolts, spikes, or nails, or by any combination 
of these. Iron is, therefore, a most essential material iu 
the constructive parts of Carpentry. 

Tempura- Though timber is more generally employed in this 
timl)oi and Country than iron, owing to the cheapness and the great 
hun. ease by which it i* wrought, the adoption of the one or 


the other of these materials will depend upon the pm pose Carpentry, 
to which it is to be employed. Jf the object be to form 
such a construction as shall be proof against fire, as aKg 
to be of small dimensions, or of small thickness, or even 
of the same thickness when great rtreuglh is necessary, 
and when the weight is not an object, iron musi in this 
case be preferable to wood. In the introduction of iron, 
however, it will be of some advantage to remember the 
following observations. 

All metals are subject to variation from the extremes Expanmon 
qf heat and cold ; for they are expanded by heat and arul con- 
contracted by cold proportionally in all their dimensions. t 

Moreover, iion, when exposed to the action of the ^3 
atmosphere, is soon brought to a ruinous state by de- 
composition. These rapid effects of destruction may be 
greatly retarded by paiuting the exposed surface several 
limes over with oil paint. 

To resist impressions by violence or accidental force, 
wrought iron is both cheaper and betl< r adapted than any 
other material. Cast iron’, however, is better calculated 
to resist oxidation than wrought iron; and therefore, for 
many purposes is preferable, particularly in bending 
stone work together With respect to timber work 
wrought iron is preferable to cast iron, used as fastenings, 
iu the form of straps, bolts, nails, &c. 

Preliminary observa(io7is. 

In order to have a complete understanding of the 
adapt ation and applications of different materials to build- 
ing purposes, particularly that of timber, and of the 
proper forms into which it may he cut, it will be neces- 
sary to describe the figures of buildings as will at the 
same time be both convenient and cheap, and which, if 
required, may be susceptible of elegance and decoration. 

It is not only economical that every floor should be Most econo- 
level, but a level position is also the most easy for walk- mica ! I * 0 . 01111 
ing upon ; and because our position in walking is vertical, of building, 
the surfaces also of all walls within rooms ought to be 
vertical, at least to a certain height, in order to occupy 
the area of the floor to the most advantage ; moreover, 
the laws of gravitation require the surfaces of walls to 
be vertical. In economical buildings, plane surfaces arc 
easier to execute than any other ; hence in this case the 
figure of every room ought to be that of a right prism, 
of* which one of the ends or bases is the plane of the 
room, and the other end is the ceiling, aud of which the 
sides are the surfaces of the walls. Hence the plan of 
every roam as regards convenience and economy ought 
to be a rectilinear figure or polygon, and nil the faces of 
the walls, which are the sides of the prism between the 
cuds, should be rectangles. 

When a building consists of two or more rooms. In 
order to occupy the least space and to use the fewest ma- 
terials, the walls or partitions between them ought to be 
equally thick ; hence every wall, whether exterior or in- 
terior, ought to be comprised between parallel planes. 

Among all the figures which may be given of the plan 
of a room, a rectangle is the most convenient for furni- 
ture and accommodation ; therefore since every rectilinear 
figure, or which c\ery two adjacent sides form u light 
angle, may be wholly divided into rectangles of equal or 
of various dimensions and pjoportions, the subordinate 
rectangles will constitute the plans of the looms and 
division walls. 

A building upon a rectilinear plan having every two 
adjacent sides reciprocally perpendicular to each (*iher, 
forming a right rectangular solid figure, is belter aJapted - 
. 2 i *i 
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f'.irpiMitry for subdivision than one of any other figure, us not only 
9 being the least expensive upon the whole, but as every 
room is more convenient than one of any other figure. 
For walls which are oblique to one another require more 
materials at their junction, and are therefore more ex- 
pensive ; and ihcy are not only weaker than those which 
are at right angles, but they introduce forms which 
ure inconvenient for furniture. 

Therefore to execute a building at the least expense, 
and at the same time to be the most convenient in 
respect of accommodation and communication, ull the 
dihedral angles of rooms should be right angles ; hence 
all three trehedral angles ought to consist of three plane 
angles, all which are right angles. Therefore any two 
distinct surfaces whatever, must either be in the same 
plane or in parallel planes, or in planes reciprocally per- 
pendicular to each other. Hence any two distinct lines 
formed ai the meeting of these planes must be right, 
lines, which are either. in the same right line or in paral- 
lel right lines, or in right lines reciprocally perpendicular 
to each other ; moreover, in any such right line and in 
any plane, the right line will cither be in that plane or 
parallel or perpendicular to it. 

Because the plans of all walls and partitions arc com- 
prised between parallel lines, and because planes pass- 
ing along parallel lines are also parallel as well as the 
lines, the substance of every wall and partition carried 
upon these planes is comprised between parallel planes. 
Moreover, as the surface of a floor for walking upon is 
more convenient and less expensive in a horizontal than 
in nu inclined position, and since in economical build- 
ings every room is the figure of a right prism, of which 
the floor is one end and the ceiling the other ; tlicrelbre 
as the floor is horizontal the ceiling also must be hori- 
zontal ; and as it is convenient in every story of a build- 
ing consisting each of two or more rooms/ that all 
the floors of these rooms should be on the same level, 
therefore the substance of the division between two adja- 
cent rooms, one immediately above the other, is com- 
prised between parallel planes, the upper plane being 
the floor of the upper room, and the lower plane the 
ceiling of the lower room ; hence the substance of ull 
exterior walls and divisions of rooms ought to be com- 
prised between parallel planes, whether the surfaces are 
horizontal or vertical ; and generally, as all rectangular ■ 
apertures receding from vertical planes having each two 
sides perpendicular to the horizon, and consequently the 
other two parallel, are not only cheaper to form, but the 
figure is more congenial to the shape of the room than any 
other; it is fur this reason that rectangular apertures 
are move generally adopted than any other form what- 
ever. All the meeting lines of vertical surfaces, whether 
external or internal, being right lines perpendicular to 
the horizon, are much more easily executed than curves, 
and consequently ure cheaper. All the ceilings and 
floors of buildings, as regards convenience and economy, 
must be parallel to the horizon. The substance between 
the apparent surface of the ceiling of one room and the ap- 
parent surface of the floor next above is comprised be- 
tween two parallel planes, as well us the substance of walls 
and,' partitions. Moreover, the floors and ceilings of 
rooms, the soffits of the apertures of doors and windows 
in economical buildings are parallel to the horizon. 

It is therefore from motives of economy and conve- 
nience, that the far greater part of buildings arc con- 
structed as here described, Hence whenever buildings 
or rooms are mentioned, though the plan may be of any 


figure whatever, it will always be considered as a rectan- 
gle unless otherwise defined. This, is the reason why 
timbers are generally divided longitudinally into rectan- 
gular bars ; for if the right section of any timber bar be 
required of any other figure, it is most convenient to 
form such a bar from a rectangular one; but bars which 
require to be of a different figure in their sections will 
scarcely occur in any part of such building except in the 
margins or iu the several sides of a roof. 

All the parts of u habitation which appear to the eye 
are called apparent surfaces. These apparent surfaces 
on glit to be plane figures. 

Every material used as a covering, in order to possess 
sufficient strength and continuity, must have such thick- 
ness as is requisite to preserve the apparent face in its 
due form. This thickness, in the covering of roofs, is the 
distance between a plane containing the arris lines of 
the courses, and the plane of arrangement which contain 
the under faces of the hoarding and the edges of the sup- 
porting timbers; iu partitions and ceilings the thickness 
of the covering is the thickness of the lath and plaster 
together, which is equal to the distance between the ap- 
parent face of the plaster, and the plane containing the 
edges of the supporting bars; and i lit the boarding of 
floors, the thickness of the covering' is the distance be- 
tween the surface for walking upon and the plane con- 
taining the edges of the supporting burs and the lower 
face of the boarding. 

Surfaces to cover hypethral apertures in order to shut 
the interior, so as to effect the stoppage of rain and in- 
clement weather, as also the lapid disc! large, of water 
generated by rain or snow, and at the same time to be 
both beautiful and cheap, ought to be constructed in in- 
clined planes. 

As no apparent surface can exist without substance, 
w r e shall call the material, whatever it may be, by the 
simple name of covering, or by the compound names of 
covering substance , or covering material , which will al- 
ways be supposed of uniform thickness. 

Every covering will therefore be comprised between 
two parallel planes. We shall call the plane of tins 
covering opposite the apparent lace, the concealed face 
or invisible face. 


Carpentry. 


Of Wall Timbers. 

All the operations in economical buildings are con- 
structed for the purposes of .supporting the apparent 
coverings, in w hatever posit^u or situation they may 
occur ; the materials, should therefore be of such strength 
as will enable them to resist the accidents to which they 
may b© exposed. 

The exterior walls being carried up between vertical 
surfaces, will be best constructed with solid and weighty 
materials, such as stone or brick bedded in mortar, as Applica- 
tive more weighty the materials are, the more capable w ill fi 1 ” 1 * of 
be the walls of resisting the pressure of heavy winds und anJ 
tempi ats, and their position, if they are sufficiently thick, 
will prevent the possibility of their lulling either to the 
one side or to the" other, and thus it will be impossible 
for them to produce any lateral pressure ; but on the 
contrary they will be able, if sufficiently thick, to resist 
any proposed lateral pressure whether applied upon the 
one side or upon the other. 

Partition walls are often built with brick or stone bed- 
ded in mortar, particularly when it is required that they 
should contain chimnies. In such cases, where cheapness 
and the saving of room is required, partitions may be 
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( arpenfry. constructed of timber work adopted to support a cover- 
ing on both sides of lath and plaster. Such a construc- 
tion of timber becomes necessary whenever the door 
under the partition is unsupported from below, except 
under the vertical extremities of the frame. 
u<v of tim- Therefore the principal objects to which timber is ap- 
i*r in build- plied in buildings, are the framings tisecl in supporting 
the coverings of partitions, floors; ceilings, and roofs. 

Timber is also applied in exterior walls; thus long 
pieces of timber, (piles,) and sometimes planking are 
used in bad foundations ; as also for the greater security 
timber bars (ske-pers) are laid transversely at short in- 
tervals under the foundation, extending about two feet 
Lintels, wider. Other timbers (lintels) are laid horizontally over 
• the apertures of doors and windows to support the snper- 
boiul tinfc^Jncumbent part of the wall. Other timber bars (bond or 
km, am chain Umber) are built into the walls in order to prevent 
via 1 j>la<es. settlements ; and others again (wall plain) are inserted 
in oider to give a firm support for the timbers of the roof, 1 
and those of the floor or floors when such occur i n the 
Wrtnil building; besides these, pieces of timber (wood bricks or 
li.u'ts. plugs) arc built or driven into Malls for supporting the 
timber bars to which the laths for sustaining the plaster 
is nailed, and fbrtfce convenient)* of fixing the fiiiishingsre 1 - 
q nired in Joinery. Bond Limbers, wall plates, lintels, and 
wood bricks, should always be laid in walls in a hori- 
zontal position with two faces parallel and two faces 
perpendicular to the horizon, and with one of the verti- 
cal laces parallel to the faces of the wall. Bond timbers, 
in order to be the most durable, should be made of oak, 
and they ought to be placed in the middle of the thickness 
of the wall, and not to have either of their two vertical 
faces in the interior face of the wall, as the shrinking or 
decay of ihe timber will greatly weaken the substance of 
masonry or brickwork, and thus will hasten the destruc- 
tion of the fabric. Bonds made of cast-iron, with one 
face Illicit with the interior face of the wall, and with 
holes at regular intervals for plugs, would not only be 
proof against Are, but would add greatly to the .strength 
of the Mall. After the stone lintel has been laid over 
the aperture, of a window or door, the remainder of the 
breadth between it and the inside of the wall may be 
cmered with wooden lintels, in order to save the expense 
of iron or of a stone arch. The thickness of wooden 
lintels ought to be as many inches as the bearing dis- 
tance is in feet. 

Timbers inserted in a wall, or in walls For supporting 
the ends of the horizontttl timbers in a roof, or those 
for supporting the ends of the timbers in a floor, arc 
called wall plaits, and are employed in order to distri- 
bute the pressures of the timbers which they support 
upon the walls. Without Mall plates the masonry or 
brickwork would be liable to be crushed under the ends of 
the timbers, which would act partially, and thus dislocate 
the parts underneath ; one of the vertical faces of every 
wall plate should be flush with the interior surface. 
The sizes of wall plates will greatly depend upon the 
thickness of the walls, and the weight of the timbers 
which they have to sustain. In thick partition walls of 
stone or brick, the wall plates should be dopble upon 
each such wall, and their upper faces as well as tneir 
lower luces ought to be level. 

The greatest care, however, -must be taken not to 
place any timber inserted in a wall, in whatever office 
thut timber is to serve, nearer to a flue than nine inches ; 
and if it be necessary that timbers should be placed, so 
that they would fall upon flues, the ends must be cut 


off, and cast-iron ends must be fixed to the timbers, and CVrucntry 
these must be supported upon cast-iron wall plates or — 
templates.* 

Construction of Floors. 

When any room in the basement story of a building 
is intended for living in, a boarded floor will be found 
the most comfortable ; and as boards cannot lie solid 
without being fixed to some material or other, and as 
timber is the most convenient for the fixing of timber, a 
row of timber supporting bars, laid upon dwarf walls, or 
upon props of stone or brick piers, is generally em- 
ployed for the fixing of the boarding ; the supporting 
bars for this covering are called groupd joists. 

In a house which consists of two or more stories, the 
timber work which is necessary for supj>orting the co\cr- 
ing of. the floors for walking upon or the coverings of 
the floors and ceilings together, is called naked flooring, Naked 
and by some writers carcase flooring. To accommodate filling • 
rooms of various dimensions, naked flooring consists of 
two different kinds. 

One species of naked flooring may be constructed with 
a row of timber bars, which at once supports the floor 
for walking upon and the ceiling of the room below. 

This description of naked flooring, which is the most .Single 
simple of any, is called a single joist floor. jobt floor 

\V hen the building has been carried np^ nearly to 
the clear height of the story, the inside of the walls 
must be levelled, so that when the wall plates come to 
be laid, and the ends of the joists upon the wall plates, 
as also the ceiling finished, and the floor below is 
completed for walking upon, ihe clear height of the story 
may be equal to that which it was intended to be; then 
if another story be intended, after having laid the wall 
plates, and the joists upon the wall plates, the walls 
must be again carried up, by previously building upon 
the wall plates in the interval between the ends of the 
joists, so as to fill up every cavity to the level of the lop Beam 
of the joists. This operation is called beam filling . tilling 

Another mode of constructing naked flooring i*« to 
support the supporting limbers by another stronger row 
of timber bars laid upon the wall plates. The timber 
bars of the row thus laid, are so notched upon the wall 
plates as to prevent the tiifibers being drawn off the top of 
the wall plates, and therefore from being drawn out of the 
walls, hy pulling the timbers in a direction of their length, 
without either tearing the ends of the timbers or the u r all 
plates. These notching*, as well, as the operation - of Cocking*, 
framing them, are called cocking s. 

The building is generally roofed in before the sup- 
porting bars aie laid, and when they are laid their ends 
do not penetrate or enter into the thickness of the walls, 
as the row of limbers upon which they are laid, but only 
abut upon the interior face of each opposite wall. The 
su ^/porting bars and the bearing timbers which support 
them are notched into each other, so tlmt the supporting 
aud bearing bars may be comprised between two hori- 
zontal planes, of which the distance is less than the 
sum of the 'depths of one of the bearing timbers and 
one of the supporting bars. Each of these rows of 
timbers is called joists; the lower row of bars, or bear- 
ing timbers, is called binding joists ; and the upper Binding. 

y — 7 - 

* For an explanation of this term, stc prist# u p. 235. 

f Walls aw said to bo carried up when they uro built lo any re- 
quired height. The terms bring up and brought up are u * l *“ 
for building up and but ft up. 
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Carpentry.^ row, or supporting bars of the covering, is called 

v TT<T"^ bridging joist*; moreover, the construction of naked 

S3f floods * called a bridged floor. 
s J In order that the timbers may have equal bearing?, 

and that they may have the utmost advantage Ip point of 
* strength, and in economy, materials, mid workmanship, as 
also to render them convenient for joining one another, 
and for fixing the coverings, two faces of every two joists, 
whether in the upper or lower row, ought to be parallel 
to either face of two opposite walls or sides of the room, 
and all the intervals of the binding, ns well as those of 
the bridging joists, should be equal to each other. In 
substantial works, the supporting bars, whether in a 
bridge floor or in a single joist floor, ought not to be 
more than one foot from centre to centre, that, is in every 
two adjacent joists the distance from in to out ought 
Dot to exceed one foot, 

It is obvious that in bridged, naked flooring, the 
transverse strength of the bridging joists by a force 
acting in the middle of one of its hearing distances, (that 
is, between two binding joists,) should not be greater 
than the strength of a bridging joist and the binding 
joists, supporting it by a transverse force acting in the 
middle of the area comprised by the tour sides of the 
room. Hence it is evident, that the binding joists ought 
to be placed at much greater intervals from each other 
than the bridging joists. Therefore, owing to the great 
distance between the intervals of the bridging joists, the 
lath upon which the plaster of the ceiling is laid being 
very thin, cannot be attached to the under edges of the 
binding joists without being loo weak for sustaining the 
plaster. Therefore, to render the laths of sufficient 
strength, another series of supporting bars for the lath 
and piaster may be introduced and placed at such inter- 
vals as will render the bearing distances sufficiently short 
to give the degree of strength required. The timbers thus 
introduced are called ceiling joist*. The ceiling joists 
are either nailed upon the binding joists, crossing two or 
more, or even extending from wall to wall in one length ; 
and to save room they may be notched, so as to make 
shorter nails answer the purpose of fixing them to the 
biuding joists, which ought not to be notched, as they 
have to support the two coverings; viz. the boarding for 
walking upon, and the ceiling of the room below; or in- 
stead of extending the ceiling joists across the timbers, 
they are sometimes let into the binding joists so as to be 
very nearly Hush with the lower edges of the biuding 
joists, and thus the thickness of the binding joists and 
bridging joists may be comprised between two horizon- 
tal planes, of which the distuuce is very little more than 
the depth of a binding joist. This mode of fixing the 
ceiling joist is not so strong as extending them over the 
binding joists, which, however, is much more expensive. 

Thus in a bridge floor we have a compound frame, 
consisting of three rows of timber bars, all called by 
the general name of joists, of which each row of sup* 
porting bars of joists is supported by the binding joists, 
which constitute the middle row. 

These rows in economical buildings have all their 
vertical surfaces in planes which are either parallel or at 
right angles to each other,, as well as to the iuterior faces 
of the wife of the building. _ 

; Sometimes, however, the walls are at bo great a dis- 
tance from each other, os to cause the entire distance lie- 
tmin 'two horizontal planes, which will just comprise the 
thlcktteps bf .the naked flooring, to be so great, as to render 
the binding joists too weak. Therefore, iu order to fur* 
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ntah shorter bearing distances for the binding joists, one Carpculry. 
or more rectangular timber bars, of the largest scantling v*— ' 

which can be found, are introduced instead of walls for 
supporting the ends of the binding joists, and are called 
girders . The girder or girders ought to divide the length Girders. . 
of the room into two or more equal intervals, and their 
surfaces ought alwajs to be comprised between the 
parallel planes which comprise the naked flooring. 

The purl of a bridged floor comprised between two Buy of 
adjacent girders, or between a girder and the wall, in jwi&ting. 
clear space is called a bay of joining, that in the clear 
of two girders is called a case bay; and that in the cleur Caw nml 
between a girder and the wall is culled a tail bay . More- hay*, 
over, when there are no girders, the bridging and ceiling 
joists between the binding joists in the clear, or between 
a binding joist and the wall in the clear, are called n bay 
of joining. A bay of joisting between two binding 
joists is called a case bay , and that between a binding 
joist and the wall is called a tail bay . 

Girders me supported by short pieces of timber 
placed under their ends, which are inserted in the wall. 

These short pieces of timber, called templates , ought to Templates, 
be of sufficient length, to distribute the pressure of the 
girders to u considerable extent along 4 be wall or walls, 
because the entire weight of the floor will press upon the 
templates. 

Wo shall call Ml the timbers which derive their sup- 
port immediately from the wall, whether they are placed 
upon wall plates or upon templates, by the name of 
bearing timbers. All bearing timbers ought to be sup- 
ported at their extremities upon the two walls, which 
are in the direction of the length of the room*, hence in 
a single joist-floor the length of the joists should be laid 
in the breadth of the room, and thus the direction of 
the boarding will extend m the length : in a bridge floor 
(sometimes called a doable floor) which has no girder, 
the binding ure the bearing timbers, therefore the direc- 
tion of the binding joists ought to extend in the breadth 
of the room, as also the boards which form the covering 
or floor for walking upon ; moreover, in a bridged floor 
with girders, the girders are the bearing timbers ; hence 
their direction ought to extend in the breadth of the 
room, as well as the bridgiug joists; therefore, the 
binding joist and boarding will extend in the length. 

It is obvious that when the plane of a room is square, 
the strength of the timbers can never be affected, whether 
they are placed parallel to one side of the room or to the 
other; hence in such a case as this, and when there arc 
more than two or more rooms upon a floor, the choice 
of the direction of the timbers will be influenced by 
the direction of the timbers in the other floors, or by the 
direction of the boarding. When the direction of bear- 
ing timbers extends over two or more rooms, they will be 
much stronger if they extend in single lengths over both 
openings. 

Wood will resist cither by compression or extension, 
therefore in a building consisting of two or more stories, 
the walls will be greatjy strengthened by the timbers, 
and will consequently be more capable to resist the pres- 
sure of heqvy winds or other accidental forces; hence, 
with such assistance, the walls will not require to be so 
thick as independent walls of the same height, As 
a Further contribution towards the strength of the build- 
ing, the wall plates in very substantial buildings are 
often fixed to each other at the angles, and the two wall 
plh^s, which are thus joined, are again joined by a third 
bar of limber fixed at each end to each of the other two* 
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Carpentry, at equal distances from the joining of the two wall 
plates ; the three timbers thus joined, encloses a space 
in the form of a right-angled triangle, the two sides 
bingunal which are perpendicular to each otherbeing equal. The 
tie or angle piece of timber which is opposite the right angle is 
brucc. called a diagonal tie, or angle bract . ^ 

Floors are generally interrupted by one qr more cir- 
cumstances : every comfortable room must have a fire- 
place, and whenever a building consists of more than 
one story, a stair will be necessary to pass from the one to 
the other. For the safety of the building, in order to 
prevent its being liable to burning, no joist nor girder 
ought to be placed near to a fire-place, nor to enter any 
, wall containing dues opposite to the ends of the timbers. 

% But from whatever circumstance bearing timbers are 

- interrupted, instead of inserting the ends of the timbers 
they are generally cut and the ends thuB cut off are 
framed or fixed to a timber bar, and the ends of the 
timber bar are fixed to the two adjacent joists, which 
Various remain uncut. The timber bar which sustains the ends 

knulh of of the joists is'called a trimmer , and the two joists which 

trimmers, support the trimmer are called trimming joists. When 

the trimmer is opposite to flues it is called a tail trimmer , 
if opposite to a fire-place it is called a hearth trimmer , 
and if to make way fur a stair it is called a stair trim - 
tner, which forms the margin of the lauding. Tail 
trimmers are generally brought close to the wall ; but 
hearth trimmers, on account of the marble slab which is 
necessary to protect the fire from the timber work, are 
fixed ut some distance from the surface of the adjacent 
wall. 

As the slab which forms the hearth requires a sup- 
port, the space under the hearth between the trimmer 
and the wall must be filled with something in order to 
support the slab; and, since nothing is stronger than 
an arch, a brick arch is generally thrown over between 
these extremities as abulments, which ’are the heanh 
trimmer ami the wall, nt such a distance from the ap- 
parent surface of the boarding as is sufficient to receive 
the slab, generally constructed of stone or marble. 

The arch thus thrown also is called a trimmer by the 
bricklayer, but to distinguish it from other trimmers, it 
is called a brick trimmer , 

The mould upon which the arch is formed is called 
the centre of the trimmer. It is obvious that the brick 
trimmer must be comprised between two parallel 
planes, of which the higher is below the level of the 
floor, and the lower above the surface of the ceiling. 
Scantlings. construction of naked flooring and roofing the 

small timbers which arc used are called by the general 
name or scantlings, though, perhaps, not with good 
reason ; as this term has been appropriated to the di- 
mensions of breadth arid thickness of a rectangular bur, 
and in regard to squared stones the term is applied to 
tile three dimensions of length, breadth, and thickness. 

lit the construction of the timber works of floors and 
ceilings, the arrises of the timber ought always to have 
a horizontal position and to be perpendicular to the 
two opposite walls, and consequently parallel to the 
other two opposite walls . 11 

' * Bridge floors have been Wag ia tree, and had always been con* 
aideredae the beat in order to support the covering and ceiling over a 
large area, until Professor Rowwttm caused two models of naked 
flooring to be marie, one being a single-joist floor, and the other a 
bridged floor, each containing the tame quantity of timber, and co- 
vering equal aseas. These models were each Waded uniformly with 
email shot until they were broken; ^strongest was that court metal 
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Horizontal framings are used in roof* hr well as in Carpentry, 
floors, to prevent the action of the oblique timbers 
from thrusting out the walls, They also serve to sup- 
port the timbers to which the ceiling of the rovm 
below is attached ; such a construction ia called a eat- 
ing floor. 

Construction of Partitions . 

Every construction of partitions where the bearing is 
solid below the framing, ought to be filled with timber 
bars, called quartering s, of which every timber has each 
of its four faces perpendicular to the horizon, and of 
which the interval between every two adjacent timbers 
is equal. But when the floor under the partition is 
unsupported, as the partition ought not to lay any stress 
upon the floor, it ought to be supported only at the extremi- 
ties of (he under edge. Now if the partition be filled with 
timbers, as has been described, the whole weight of these 
timbers will press upon the unsupported part of the 
floor. To prevent the strain which they would give, and to 
make the partition capable of supporting the floor alxne, 
and even the floor below, if necessary, two oblique tim- 
bers must be fixed in such a manner that the lower end 
of one must rest upon the one supported extremity, 
und the lower end of the other upon the other supported 
extremity. The upper extremities may either meet 
each other, or meet an intermediate post, or they may 
meet two intermediate posts with an interval between, 
in such a manner*that each oblique timber may meet 
the nearest post ; between the two posts, opposite to the 
places where the oblique timbers join, another piece of 
timber bar must be inserted in the interval. -Whether 
there are two posts with an interval, or only one post, 
two timbers will meet every post ; aud, including the 
post, three -timber bars will therefore meet each other. 

To prevent this limber from moving, the three timbers 
must be secured to each other at every junction of three 
timbers : the triple junction of the timbers is called a 
joggle^ the oblique timbers are called braces , and the in- 
termediate piece is called an intertie . Hence, when 
only one post is used there are three joggles, and when 
two posts are used there are four joggles ; in each case 
the joggles at the lower ends of the braces are included. 

The posts, when the partition contains a door, are those 
which form the sides or jaiubs of the door, and the iuter- 
lie is the head of the door. When there is no doorway, 
the timber along the floor becomes a tie. The whole 
of 'the partition is included within a rectangular frame; 
the post or posts must meet the horizontal sides of the 
frame. 

The interruption of doors in partitions frequently 
occasions an .irregularity in (lie position' of the braces, 
and, in many cases, so much so as to render their effect 
insufficient. But since the door is generally much 
lower than the height of the story, the head of the door- 
way is extended so as to meet the upright timbers at 
each extremity of the partition, and thus the rectan- 
gular frame will be divided into three rectangular com- 
part in eiifs when the partition contains one door, apd 
into four rectangular compartments when the partition 

of single joint Tire same experiment has been recently triori, an d 
the result of Frirfuasar Robinson has Utn verified t>y Professor 
Barlow, of the Royal Military Academy at- Woolwich. It has, 
however, been argued in favour of the coujjtounri framing, though 
not in such a manner .ii»4o decide the fact, that its use is I'o.'trr cal- 
culated to preserve the ceiling from cracking th.ui a suigic-joist 
tot* With deep joists. 
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iVip^ntry. contains two doors; hence the upper compartment, 
which extends the whole length of the partition, may be 
framed in the very same manner as the whole would 
have becu when it contained no door, or vyhen it con- 
tained one door in the middle ; and this framing might 
even be made of sufficient strength to support the floor 
above, and the . timbers below adjacent to the door or 
doorways without bracing any of the lower compart- 
ments: very frequently, however, the lower compart- 
ments arc braced as w r ell as that above the door or door- 
ways. 

As the timbers which support the lath and plastering 
ate most advantageously arranged when their faces are 
in planes perpendicular to the horizon, and when their 
intervals are equal, and os these vertical timbers must 
rest upon the braces, which would therefore be bent by 
the pressure, and consequently would either have their 
Use of effect diminished or entirely destroyed ; in order to ren- 
paraboljc ( ] or them as effectual as they were intended, parabolic 

B *rhtions arches, described so as to answer to the obliquity of the 

1 braces and intertie, are recommended ; these arches ought 

tube double, and opposite to each other, and if they are 
made of iron, they may eilher be used as a tie or ill a 
state of being compressed. 

The upright quartering for the fixings of the lath 
being fixed to two such arches will effectually, pre- 
vent- them from descending by their weights, and thus 
the whole stress will be thrown upon the joggles; the 
braces and intertie, when there are two posts, will be in 
a 'state of compression, but the weight of the timbers 
upon the arches will lessen the degree of compression 
upon the straining pieces. 

Quarter Partitions constructed of timber bars to be lathed and 
partitions, plastered are called quarter partitions . 

There is yet another species of partition constructed 
with timber posts placed at equal intervals, and filled 
with brickwork between the adjacent po«»ts, which arc 
called quarters ; the quarters arc placed at eighteen or 
twenty-seven inches in the clear, and to strengthen the 
brickwork, horizontal pieces of timber extend between 
the quarters over every five or six courses of brick, A 
partition thus constructed, partly with brick and partly 
Brick nog* with timber, is called a brick nagging partition , and the 
giug parti- WO rk done in this manner is culled brick nogging . The 
turn. horizontal pieces between the quarters are called Hog- 
ging pieces . 

Brick nogging partitions ought always to be con- 
structed upon a, solid foundation, and, consequently, 
ought never to be used but in ground or basement 
stories. The quarters ought always to be three-quarters 
of an iiich thicker than the brick, so that half the differ- 
ence, or three-eighths of an Inch, ought to project before 
each face exhibited by the brickwork, in order to allow 
for the irregularities of the surface of, the lath, occa- 
sioned in the splitting by the sinuosities of the fibres in 
taking curve directions round the, knots* 

* Of the Various Kinds of Roofs . 

A Common roof is that which has only two apparent 

sides, which meet each other in the ridge, and which 
rest upon opposite walls, which, in isolated houses, are 
Gable ended generally the two opposite walls that have the least in- 
roof. tcrval. This roof is called a gable ended roof. 

Common A common hip roof is that which has only oue ap- 
hiproof. parent face adjacent to each of the four walls, and the 

two Epp&rfent faces which rise from the two opposite 


walls, which have the least interval, meet each in the Carpentry, 
ridge. ' 

As the meeting plane of n hip roof generally bisects 
the dihedral angle formed by the external faces of two 
walls which meet each other, every two planes which 
meet have the 'same inclination to the horizon, and the 
right section of a common hip roof between the two 
most remote walls is a trapezium ; but if the dimensions 
of the aperture to be covered are equal, all the four 
faces of the roof will meet in a point, and each of the 
right sections through this point will be an isosceles 
triangle. 

A truncated roof Is that which is flat upon the top, Truncated 
and may either be of the simple prismatic form or roof, 
hipped. When it is not hipped it is called a simple , 
truncated roof and when it is hipped it is called a trun-^ 
catcd hipped roof A truncated roof is also called a 
terrace roof or cut roof A truncated roof has its right 
section in the form of a trapezium, with two parallel 
sides, and the two diagonals equal ; the side which is 
parallel to the base is not absolutely a right line, but is 
raised in the middle to an obtuse angle tor the purpose 
of discharging the water. The top, which is nearly ho- 
rizontal, ought to be covered with lea<V 

A curb roof is that which has two sloping faces upon Ci<rt> rouf. 
each side ; when it consists only of a simple prism it is 
called a common curb roof and when it is hipped it is 
called a curb hip roof A curb roof is also called a 
manmrde roof 

As the roof of a rectangular building may consist 
of the intersection of two or more prisms, as has been 
described, these intersections may be either external or 
internal, that is to say, the dihedral angles of their 
planes may cither advance or retreat, arid, accordingly, 
are called by the French salient or re entrant angles ; 
hence when the dihedral angles of the adjacent sides of 
a roof are salient, every two of such which meet each 
other will form a hip, which has already been described ; 
but when the dihedral angles are re-entrant , they form 
what arc called valleys . A, roof having a valley is called 
a valley roof 

A roof which has both a hip and valley is called a hip Hip and 
and valley roof* ” >aiie> u»of. 

The roofs of buildings in which the faces of the walls 
terminate in horizontal right lines are culled straight 
roofs , in order to be distinguished from curved routs. 

Curved roofs arc generally circular and isolated. We 
may, however, have both straight and curved roofs inde- 
pendent' of each other, or intersecting each other. 

Roofs cither cover the tops of the exterior walla from 
which they spring entirely, or only partially ; when a 
straight roof covers the top of the wall, the inclined 
surfaces are prolonged before the face of the wall several 
inches, or even feet ; such a roof is said tp have dripping Dripping 
ettctf, and the parts thus prolonged are called the skirt* 
of the roof ; in such a roof the water is supposed to drop 
fioin the margins of the eaves upon the ground without 
being stopped in the way.t 

* When the plan of a building ie curved, the waits are also 
curved surfaces, and the roof is denominated from the plan of the 
building, or from the form ef the top of Hie waits 3 a roof for such 
a building is called a curved roof. Hence, wheu the top of the walls 
from which the roof rises it a circle, the roof is called a circular roof. 
and, if an ellipse, it is called a titiiipth roof, and so on. . 

, + Such forms of roofs have sometimes troughs placed with a 
gentle inclination under, but near to the margin of the eaves in onk-r 
to carry the water into pipes; blit the appearance of such apiien- 
dages is rather unsightly, 



CARPENTRY, 


237 


fVrpnitry. Straight Roofs. 

Straight roofs of the most agreeable and best con- 
• struction ought to have a certain number of dihedral 

angles. Let us conceive, either in a hip roof, or in a 
hip and valley roof, a bar to be fixed in the intersection 
of every such angle; and the plane which bisects the 
dihedral angle to divide the bar into two equal parts, so 
that two of its faces may be parallel to the bisecting line, 

Let us again conceive, at the margin of every face 
of the roof which joins the wall another bar to be 
fixed, so that two sides may be parallel to the horizon; 
these twd faces will therefore make an acute angle with 
the plane of arrangement, or with the apparent face of 
the covering; and suppose all these bars to meet each 
other, so as to form a complete frame surrounding the 
Aperture to be covered ; also, let the upper edges of the 
bars of every such frame be in the plane of the support- 
ing bars of the covering, (that is, their plane of arrange- 
ment,) so as to allow for the proper thickness of covering 
and boarding. If any particular bar is required to 
project abt.' e the apparent face of the covering, draw a 
right line on the inner face of such a bar which will 
mark the intersection of the surface of the plane of 
arrangement. 

The bar in the dihedral angle, of which the line of 
meeting of its two faces is parallel to the base of the 
It nlgo piece, roof^ is railed the tidge piece; and each of the inclined 
Ivirs in the meeting of every two adjacent inclined 
i ' 1 i» rafter. faces, which form a salient angle, is called a hip rafter ; 

and the timber in every face which joins the wall is called 
\\ all plate, u wall plate. 

Thus every apparent face of the roof of an economical 
building will have its enclosure in the form of some of 
the diagrams, Plate, Nos. 1, 2, 3, 4, &c. to 7. No. 1 
is the figure of the apparent sides of a gable ended roof; 
No. 2 that of a gable end and a hip ; No. 3 that of a 
gable end and a valley.; No. 4 that of a hip and valley ; 
No. 5 that of two hips; and No. 6 that of two valleys. 
The quadrilateral diagrams, Nos. 1, 2, 3, 4, 5, 6, all 
belong to the longest sides of the roof, and No. 7 to the 
end of a hip roof. 

Here, in this diagram, each timber bar adjacent to 
each line, or side, is called by the general name of a 


When the roof only covers the top of the walls in part, the front 
of the walls umy he carried up to any required height above the 
level of the roof, and a construction of wood, in the form of a trough, 
is covered with thin sheets of met hI, genet ally lead, for the purpose 
of carrying off the water into pipe?*, which may either be concealed 
or exposed, as 'the circumstance of the building may require. In 
such constructions the water-ways nr© entirely concealed, and some- 
times tho roof itself, the walls ; the wall thus carried up is 
reduced in its thickness in order to make room for these water-ways, 
which are called gutttrs % and such roofs are sometimes also called 
gutter roofs / the part of tile wall thus carded up is called a parapet , . 

Gutters are not ouly placed along the horizontal margins of roofs, 
hut are also made in the valleys of return roofs. When the bot- 
tom and side of the hoarding of the gutters uro supported by short 
pieces of timber, the gutters arc called bridged gutters. 

Gutters should ho made sufficiently wide for a person to Walk 
along them with 'tiase when repairs aru needed, ana thev ought to 
have a sufficient descent that water may run freely along them ; hut, 
instead of making one continued descent, it would be snora conve- 
nient and less expensive to make two wherever circumstances will 
admit ; and the nearer these descents can be made of the same length 
the less height will lie required for the fall of water ; because, when 
long gutters are made in one descent, as tho rise upon the whole 
must lie proportional to the length of run, the distance which they 
cover the roof must be proportional ; or, otherwise, if the breadth of 
the gutter be confined within parallel limits, the depth must be very 
great- to allow for the proper fall of the water. 

VOL. VI. , 


bordering piece ; the bordering pieces being joine d at Carpentry, 
the angles will form a triangular or quadrangular form, 
according* as the aperture consists of three or four sides. 

The frame thus enclosing an open area is called thesicr- 
rounding frame. 


In tile seven diagrams here referred to, the aide B (‘ is 
supposed to be the skirt next to the wall, and A D that 
adjacent to the ridge. 

Fig. 8 exhibits the plan of a gable ended roof, figures 
9 and 10 plans of hip roofs ; that of fig. 9 being square, 
and that of fig. 10 oblong. 

Fig. 11 is the plan of a hip and valley roof, or what Hip roofs, 
is called, in reference to the plan, an ell roof, being in 
form of the . letter L ; ami fig. 12 is the plan of a hip 
and valley roof in the form of the letter T.* 

All the supporting timbers of every inclined covering 
of a roof ought each to be perpendicular to the wall 
plate, and to have two faces perpendicular to the hori- 
zon, and a face in the plane of arrangement. All (he 
intervals between every two adjacent rafters ought to be 
equal to one another; and the breadth of every interval 
between the frame and the adjacent supporting bar 
ought not to exceed the hreadth of the interval which is 
common to the supporting bars. Moreover, every sup- 
porting bar ought to be fixed at each extremity to oppo- 
site parts of the skirting frame. 

Hence, if the frame of the apparent face to be covered 
belong to a hip roof, or to a hip and valley roof, tho*c 
rafters only can be of equal lengths, which meet a ridge 
in the summit of the roof and the plate at the bottom ; 
therefore, in the triangular parts, the supporting bars 
must be shorter and shorter. 'Jhe supporting bars are 
generally called rafters ; and those whiph are of un- Rafters, 
equal lengths, and all shorter than the rafters which ex- 
tend between the plate and the ridge piece, arc called Jack raft- 
jack rafters. trs. 

But, it is clear, that the longer the rafters are, the 
greater ought the scantlings to be ; therefore their depth, 
or their thickness, or both their cross dimensions ought 
to be increased as their length is greater : tor if all (he 
rafters were of the same scantling, their strength would 
be very nearly in a reciprocal ratio of their length. 

Now, instead of increasing the rafters in thickness, or 
in depth, or in both these dimensions of breadth and 
thickness, it is a general practice with builders to 
make the rafters nearly of the same scantlings for sill 
buildings ; and therefore, when they are so long as not 
to be able to support theinsehes and the covering with- 
out saggingor breaking, it becomes necessary to support 
every rafter at one or more intermediate points, ami thus 
to divide its length into two or more equal parts. 

For the purpose of giving the rafters a sufficient sup- 
port, it is not only convenient, but economical, to place 
one or mpre horizontal rectangular bars, called purlins , Purlins, 
so that each extremity of every puilin may he fixed to 
the opposite parts of the bordering frame ; and that one 
of the faces of every purlin, and the lower edges of all 
the rafters comprised in the length of the purlin, may be 
all in one plane ; and, lastly, that all the .intervals be- 
tween the plate and the ridge may he equal, the number 
of intervals being one more than the number of purlins. 


^ ft is evident that, in hip roofs the plane which bisects every 
dihedral angle will l>e perpendicular to the horizon: therefore, 
two faces of every hip ratter, two faces of ever) valley ruffw. and 
two faces of every ridge piece, ought lo be perpendicular lo d 
hftintfifi 

2 K 
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Carpentry, Therefore every rafter in that length will he supported 
V «v— ^ by one point of the purlin, and at as many equidistant 
points as there arc purlins in the length of that roller, 
making ttye intervals one more than the ijumber of 
piSrlins. 

Here the same observations may be made on purlins 
as have been offered on rafters ; viz. that it is customary 
with builders to make the purlins for all buildings nearly 
of the same scantling, whatever may be their length. 
Hence, there is only ouc necessary length between one 
prop and another that will sustain the rafters and the 
covering to the best advantage ; therefore, if they have 
^any longer bearing than that which would be just neces- 
sary between their extremities, that bearing ought to be 
divided into two or more equal bearing distances. This 
may be done by placing a sufficient number of other 
oblique bars in the same direction as the rafters, so that 
all the upper edges of these limbers, ami* the under 
edges of the purlins, maybe in one plane; and that the 
two ends of the bar or bars thus introduced, may be 
supported, and of such length as to contribute to the 
support of all the purlins. 

Principal The bars for supporting the purlins are called prin - 
rafters. cipal rafters , ami the rafters supported by the purlins 

Common are called, by way of* distinction, common rafters . 
rafters. Again, let it be supposed that the principal rafters are 
in their turn supported opposite to every purlin, as well 
as at the two extremities. For this purpose, let as 
many beams be extended across the building as the 
principal rafters are in number, and let these beams be 
supported upon wall plates; viz. one plate upon each of 
the opposite walls in the same manner as the binding 
joists of a floor were laid upon the wall plates ; more- 
over, let the lower end of every principal rafter be fixed 
to the end of the beam. Then, if the roof is of the best 
construction, and be a common hip roof, its right section 
will be an isosceles triangle ; therefore, if cm the other 
side of the roof principal "rafters of the same length are 
supported at their lower extremities, each upon the 
opposite end of every beam, and if the two equal sides 
thus constructed for the opposite faces be made to meet 
each other in a vertical plane passing through the sum- 
mit, they will necessarily balance each other. However, 
if they only lean one upon the other, a very small force 
will destroy their mutual balance : hence, if they are 
fixed together in any manner so as to prevent them 
from sliding upon each other, their balance cannot be 
easily destroyed by any accidental pressure acting upon 
cither side only. 

Thus the supports of the purlins have been reduced 
to a triangular frame of an isosceles figure, the two 
opposite principal rafters forming the two equal sides and 
the beams its base, it is obvious that in this state of 
the timbers, the principal rafters from their own weight, 
and from the loud which, they have to support, are in a 
state of compression, and therefore the beams are in a 
state of tension. 

He beams* Hence the beams are called lie beams, and the whole 
of the triangular frame, together with the timbers it 
comprises, in order to support the principal rafters most 
effectually and sufficiently, is called a truss, and the prin- 
cipal rafters among builders are often called principals . 

■ The lower ends of the common rafters, when the con- 
struction of the roof requires principals, are fixed to a 
bar of timber supported upon the ends of the tie beams. 
l*ole plate. This bat is called a pole plale> The whole of the 
timbers, including the purlins and common rafters be- 


tween every two ad jacenttrusses, is railed a bay of roof- Carpentry. 
iitg. The whole of the timber work for supporting the 
covering is called a carcass roof. 

The timbers of two skirting frames for supporting the 
covering of two opposite inclined faces of a hip roof 
* which meet and form the ridge have been described. 

The two triangular frames in the ends ought to be filled 
with common rafters supported by the same number of 
purlins exactly in the same manner ns has been ex- 
plained in respect to the sides of the roof. 

In large roofs the construction requires a principal 
rafter reaching from the middle of the wall plate to thfe 
summit, and this is supported below upon a half tie 
beam, and the feet of. the common rafters upon a pole 
plate is in the two sides which meet and form the ridge. 

Whatever may be the form of a straight roof, the^ - 
timber work for supporting the covering of every in- , 

dined aperture ought to be constructed in the manner 
which has been described. Here, as in naked flooring, 
the common rafter may be let into *the purlins iit the 
same manner ns the bridging joists of a floor arc let 
into the binding joists. Hence the entire substance of 
the rafters and purlins may be comprised between two 
parallel planes, of which the distance will l>e less 
than the sum of the depths of a rafter and purlin. 

The purlins and principal rafters may aKo be comprised 
between two parallel planes, which will be less distant 
from each other than the sum of the depths of a purlin 
and a principal rafter. 

In rooting, not only horizontal and vertical framings 
are employed in the construction, hut oblique framings 
also. The oblique framings are those which immediately 
support the covering. 

The vertical finmiiigs not only support the oblique 
framings but the horizontal framings also. The whole 
of the framings, taken collectively, is called the framing 
of the root*, and ull of them are connected and fixed at 
the joining*. The timbers belonging to the houzmital 
frame lire disposed similarly to those in the framing of a 
floor, and the timbers in the vertical frames to those of 
a partition. 

Every truncated or terrace roof ought to have at least Tmnrute 
two sloping sides, and when such a roof is hipped it ought tu ‘ >ls ' 
to have at least three equally inclined faces of which 
two and two are adjacent, and every adjaceut pair of in- 
clined faces form a dihedral angle. Such roots may also 
have one or more valIeys«accordiiig to the figure of the 
plan. The hips and valleys of such a roof, as well as the 
apertures of the skirting frame, ought lobe constructed in 
the same manner ns those of a * ommon roof, or of a com- 
mon hip roof, or of a hip and valley roof. The upper ex- 
tremities of the rafters in each face of the roof rest upon 
a horizontal bar between the inclined face and the flat on 
the top of the roof; and the principal rafters instead of 
meeting, have a beam fixed between the top of every two 
opjxisite rafters so as to balance them ; and thus every 
truss will consist of four rectangular bars, viz, the tie 
beam, the two principal rafters, and the top beam which 
is paraded to the tie beam. The top beam, from its 
rising in tfie middle in order to give the hoarding and 
leaden covering a gentle inclination, is called a camber Camber 
beam. beam. 

The four timbers of every truss ought to be comprised 
between the two vertical planes which contain the ver- 
tical surfaces of the Uie beam. It it evident that in 
every such quadrilateral truss frame, the top beam and 
the two principal rafters are in a state of compression. 
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Carpentry, and the tie beam is in a state of tension. The ccver- 
in£ of the aperture on the , top, supposing it to be rectan- 
gular, may be supported by a row of beams perpen- 
dicular to each of the horizontal bars, to the sides of 
which the euds of the common rafters and the ends of 
these beams may be fastened. The under edges of 
the level row of timbers ought to be arranged in the 
same horizontal plane, but the upper edge or back of 
every timber extending across the horizontal aperture, is 
generally cut into a very flat or obtuse angle having the 
fiunimit in the middle, so that all the summits may be 
in a right line bisecting the aperture. Each sloping side 
of the camber beams is boarded over, and the boarding 
, is covered with lead. 

. In the construction of a curb roof, the lower part being 
. the same in form as a truncated roof, and the upper part 
the same as a common roof, or a comifion hip roof, 
the construction of these parts may be the same as that 
of common and hip roofs. The horizontal bar between 
the two inclinations will serve to support the tops of 
the rafters in the lower inclined face, and the feet of the 
rafters hi the upper inclined face. The beams which in 
terrace roofs are required to support the boarding, do not 
icqviire to be cumbered in the curb roof, as they only 
serve the purpose of ceiliug joists. 

The rafters used in the upper part are called curb 
rafters, and the timbers in the angles which divide the 
two inclinations are called curb plates. 

On the. Trt hcdral in general. 

A trehedral is a solid angle contained under three 
plane surfaces called faces, every two of which meet 
each other, and all the three in a point called the vertex 
of the trvhrdral * 

Drf. The angle formed on any face by the two edges 
ib called the angle of that face, and the face is said to be 
obtuse or acute, according as the angle of that face is 
obtuse or acute.t 


i’urh 
r lifters, 
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plate*. 


Def. If from any point in any one of the three edges Carpentm 
of a trehedral two right lines be drawn peipendicular 
to that edge one upon each adjacent face, the angle con- 
tained by these lines is called the dihedral angle, winch 
is less than a right angle ; it is also called the inclination 
of the planes. 

Def. If a trehedral, of which the angles of the faces 
are acute, be cut by a plane perpendicular to one of its 
edges, the triangular section is called a sectional trian»lc, 
and each of the three triangles formed by two edges of 
the trehedral and aside of the sectional triangle is called 
a lateral triangle. 

Def The edge to which the cutting plane is perpen- 
dicular is called the adjacent edge, and the remaining 
two edges of the opposite face are called opposite 
edges.* 

On the Right Trehedral. 

Def. If two of the faces of a trehedral be jierpcn- 
dicular to one another, the trehedral is called a right- 
angled trehedral. 

Def The two faces of a right angled trehedral which 
are perpendicular to one another are called the right faces. 

Def. The face of a right angled trehedral which 
joins each of the two right laces is called the oblique 
face. 

Def. If a right trehedral be cut by a plane perpen- 
dicular to one of the edges of the oblique face, thm edge 
is called the adjacent edge, the remaining edge of the 
oblique face is called the opposite edge, and the edge 
between the two right faces is called the right edge. 

Drf. Jf the two right faces of a right angled tre- 
hedrat be both acute, the trehedral is called u right tre- 
hedral. 

Dtf. The right face which terminates in the adjacent 
edge is called the adjacent face, and the right f’nca 
which terminates in the opposite edge is called the op 
posite face.f 


* Generally speaking, timber is divided into solids, of which ouch 
is contained by *ix rectilinear piano faces. The solids thus formed 
for the construction of buildings have various names according to 
their relative magnitudes or their destination. 

The laces of such solids terminate in twelve edges called by 
workmen art ist's, which ore right lines, because the intersection of 
every two planes is a right line. The twelve edges again terminate 
in eight points, and three of the edges' meet each other in each of* 
the eight points. Any three of the right lines which thus meet 
contain la-tween every two of themja face of the solid. Hut os the 
fact-* me at right angles to one another, the edges are also at right 
angles to one another. None of the eight trehedrals having the 
three planes perpendicular to one another, can ever be an object of 
research, all the parts being known. 

But us timber may bo cut by planes (that is by saws) in a 11 
positions, we may have trehcdrals of various forms in which the 
angles containing the faces may be of all magnitudes. * 

As we shall frequently make use of the words oblique angle, it 
will he proper to explain its meaning. An oblique angle is an angle 
in which one of the sides containing it is uot perpendicular to the 
other, and may therefore be either an acute angle or, an obtuse angle. 
An oblique plane has alwaj s a reference to another plane, and implies 
that the two planes are uot perpendicular to each other. 

Tlvo cutting of tinilier coutaiued under plane surfaces depends 
ntiruly upon a knowledge of the trehedral, aiul there is no object 
constructed in parts with plane joints which does not qpibrace some 
case or other of trehedral solutions. We shall therefore proceed 
to give the remaining definitions, and then to the solution, of the 
different coses. 

■f- PnorosiT ion.— Theorem 1, 

If each of the three faces of a trvhedml bo acute, its section made 
by a plane perprndirulnr to one of the edges, if sufficiently extended, 
will be a triangle of which a side will be contained in each of the 
three faces. 


For let C V,*B V, and A V (plate i. fig. 1) be the three edges of 
the trehedral, and let the angles of the three face* C V B, C V A, 
and B V A be each an scute angle, and let the plane F G be drawn 
perpendicular to one of the edges V C, and let the planes of two of 
the faces which meet in this edge lie prolonged to meet the plane 
F G, thus lt*t the face CV B meet the plaue F G in tho lino C K 
and let the face C V A meet FG in the line C D. 

Then localise tin; intersection of two planes is n right line, the 
lines C K and C D are right lines, and because a right line perpen- 
dicular to u plane is aUo perpendicular to every right line drawn in 
the plane from the point in which the line intersects the plane, the 
right line C V is purjiendicular to the two right lines G E, C I>. 
Moreover, because the angles C V B and VCK are both in tho 
same plane, aud because the angle C V 13 is an acute angle and the 
angle V’ C K is a right angle, the two right lines V B and C K will 
meet ; but C E .*iijthc plane F G, therefore V li will meet the piano 
F G. In the same manner it m.iy lie shown that V A will meet tho 
plane F G. Let the edge V B meet the ptane F G in E, and tho 
other V A meet it in i), therefore since the intersection of every twa 
planes is a right line, I) C K is a rectilinear triangle. 

* The definitions hitherto given are general for all kinds of tre- 
hcdrals; but as two adjacent planes oi timbers are generally per- 
pendicular to one another, the oblique trehedral seldom oreius m 
practice, and whenever it does ko the object of inquiry m»y be ob- 
tained by dividing such a trehedral into two others, ot which each 
may have two planes perpendicular to one another. It is ihcrtforo 
to this more limited species of trehedral* to which we sJiall direct 
the attention of the reader. 

j- Pkopomj k>n. — Tfuorvm 2. 

In aright trehedral, the three triangles formed !\v the edges of 
the trehedral and the sectorial triangle, as al»o the aeciuiiai m 
itself, will be all right angled triangle*. 

For in fig. 2 let the trehedral be V A f Jl. in "huh ibe V is 

2 k 2 
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Def In the sectorial triangle A B C, the angle A is 
called the vertical angle, the leg adjacent to the vertical 
angle is called the adjacent leg, and the leg opposite to 
the vertical angle is called the opposite leg. 

Def Th(f common leg of the sectorial triangle, and 
the triangle upon any face of the trehedral formed by 
two edges and that leg, is called the sectorial leg of the 
triangle in that face.* 

Def The angle contained by the oblique face and one 
of the right faces is called the inclination of these faces. 

Def, The point in which any two of the sides of the 
sectorial triangle meet each other in one of the edges of 
the trehedral is called the sectorial point. t 


the vertex, anil AC B the sectorial triangle, nml VA be the edge to 
which the plums of the sectorial triangle A B C is perpendicular, and 
let the two right faces be A V C and II V C, and the obliquo face be 
A V B. 

The right line V A being perpendicular to the plane of the secto- 
rial triangle ABC will be perpendicular to every right line drawn 
in the plane from the point A, in which the perpendicular meets the 
plane ; lienee V A is perpendicular to each of the right lines A C and 
A B ; therefore, the two triungles V A B and V A C are each right 
angled at the point A, and are consequently right argted triangles. 

Moreover, because the right lino A V is perpendicular to the 
plane B A CJ, every plane passing along A V is perpendicular to the 
piano B A C, therefore the plane V C A is perpendicular to the 
plane A C B ; and reciprocally the piano A C B is perpendicular to 
the plane V C A. But because V C A and V IJ B are the right 
faces, the plane V C B is perpendicular to the plane V C A ; lienee 
each of the planes A C U and V C B is perpendicular to tho plane 
AC V; therefore their common section B C is perpendicular to the 
plane A C V : again, a right line which is perpendicular to a pinna 
is perpendicular to every right line drawn in that piano from the 
point in which the perpendicular meets the plane ; lienco B C is 
perpendicular to each of the right lines C V, C A ; therefore the 
triangle V C B is right angled at C, and the triangle A C B is also 
right angled at C ; hence all the four triangles A V B, A V B V C ■, 
uml A B C, are right angled triangles. 

Cur. 1. Because the triangle Y A B is a right angled triangle, 
and the right angle is at the sectorial point A, the angles A V B 
and ABV are each an acute angle; therefore tho angle A VB of 
the oblique face is always less than a right angle, when the angles 
of the right faces arc each less than a right angle. 

Cor. 2. Because the sectorial triangle A It C is a right angled 
triangle of which the vertex of the right angles is in the right edge 
at C, each of the two angles contained by the oblique plane and 
each of the right faces is an ofcuto angle. 

Schomux. 

From these two corollaries it appears that the sum of the angles 
of the three faces is less than three right angles, and the hum of tho 
angles contained by every two faces is also less than three right 
angles. 

* Cor. The vertical angle A of the sectorial triangle is the 
dihedral angle formed by the planes of the oblique and adjacent 
Cures, and the hypotenuse A B, the adjacent leg A C, aud the oppo- 
site leg B C of this triangle are respectively the sides of the lateral 
triangles opposite the angle of the oblique face, the angle of tho 
adjacent face, and the angle of the opposite face. . 

Hence if these triangles l>e ail developed upon one plane, the 
lines 'Which are common in the solid are equal in the de\ elopement ; 
that is, the vertical angle A of the Bectonal triangle is equal to tho 
angle contained by a right face and the oblique lace ; the hypote- 
nuse of the sectorial triangle is equal to the sectorial teg in the 
cblique face ; the adjacent leg of the sectorial triangle is equal to 
the sectorial leg in the adjacent face ; and the opposite leg of the 
sectorial triangle is equal to the sectorial leg in the opposite faco. 

f Proposition. — ThaoremZ. 

Every right angled trehedral having one or both its right faces 
obtuse, may be reduced to a right trehedral, or to one which shall 
have both its right faces acute. 

* For let in fig. 3 one of the right faces of each of the four 
adjoining trehedral*, A V B C, A V C I), A V 1) E, aud A V K B, 
be upon the same base B C D E, so that the oblique faces may 
coincide two and two in the plane BAD/ and the right faces may 
also coincide two and two in the plane CAE, and let the right 


Def. In n right trehedral the two inclinations and Carpentry, 
the three faces arc called parts. 

The right angle being always given is not one of the 
parts. Hence in every right trehedral the number 
of parts ore five. In every right trehedral, when two 
of its parts arc given, a third may be found at one ope- 
ration. 

(1.) In all the diagrams the oblique face is denoted 
by A V D, the adjacent face by A V C and the opposite 
face by B V C. 

The sectorial triangle is denoted by A B C, and the 
three sectorial points by A, B, C. 

As one inclination is only concerned in our opera- 
tions, this inclination is denoted by B'AC or by 11 A' C: 
viz., by B'AC when the sectorial triangle is placed 
upon the sectorial line A C of the adjacent face, or by. 

B A' C when the sectorial triangle is placed upon the 
sectorial line B C of the opposite face. It being conve- 
nient to place the sectorial triangle sometimes upon the 
one, and sometimes upon the other of these lines. 

All the triangles may be entirely detached in the con- 
struction, but it is convenient* to adjoin in the same 
manner as they are in the solid. This not only saves 
lines, but renders the diagram more efldent in order to 
bring the corresponding edges in contact, and thereby 
form the trehedral. 

Keeping the ubove notation in view, the sectorial linos 
AB and A C will be each perpendicular to A V, and 
C IJ perpendicular to C V.+ 

faces in tile piano H ( - D E bo called the bases, and tho other 
right faces the vertical faces. 

The buses of these trehedral? living right lines rutting one 
another, arc either adjacent or opposite, that is. in opposite angles.. 

Now let each of the three trehedrals A V (J lj, A V j)K, and 
A V KB, be compared with the trchediul A V B C, in which Loth 
the right faces AV t) and BV C arc acute. Then, becarse ihe 
angle BV(I is acute, aud tho two angles B V C and C \ J) are 
together equal to two right angles, the angle C V D is obtuse ; am! 
because C V I) and 1) V K are equal to tyro right angles, and tlio 
angle CV D is obtuse, the angle 1)V K is acute ; and because 
DYE and KV B arc equal to two right angles, and tho angle 
DYE is acute, the angle K V B is obtuse. 

Moreover, localise the angles A V C and A V E uro together 
equal to two right angles, and the angle *A V' (J is acute, therefore 
the angle AYE is obtuso; hence the trehedral V AC D has an 
ohtuse base, C V D, and an acute vertical face C V A, and is joined 
to the trehedral V A B C by the common vertical face A VC; the 
trehedral V A D E has an acute bane D V E and an obtuse vcitical 
face A V E, end the two trehedrals A V 1) K and A V B C are oppo- 
site each other, aud have their vertical facet* in one plane, and their 
oblique faces in another plane j and lastly, the trehedral V A U K 
has an obtuse base B V E and an obtuse vertical face AVK, and 
the two trehedrals VA1JK and V A B C are joined to each other by 
the common oblique face A V B, aud hence the proposition pro- 
posed to be proved is true. 

t CoROlXARfES. 

Hence, 1. If a right angled trehedral, of which the base Is obtuse, 
and tho vertical face lie given, find tho adjacent trehedral, ho that 
the vertical face may be common to Iho trehedrals. 

2.. If i right angled trehedral, of which the base is acute, and 
the vertical face obtuse, be given, find tho trehedral upon the oppo- 
site base. 

3. If a right angled trehedral, of which both its base and ver- 
tical face are given, find tbo adjacent trehedral so that tho two tre- 
hcdrals may tyavo a common oblique fuco. 

In any of the three coses the trehedral to be found will hove oil 
its parts, and the like parts of both will be either equal or supple- 
mentary to each other. The common tacos and opposite bases will 
always be equal, as well as the dihedral angles which terminate in 
the same right line, and upon the same side of this right line, and 
the adjacent faces will be supplements of each other, os well as 
the dihedral angles adjacent. 

* Notwithstanding the variety of cases, which are sixteen 2t» 
number, every construction is extremely easy, us there Is no ease 
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. (2.) Any two of the three parts, the inclination, the 
% adjacent face, and the. oblique face of a right trehcdral, 

being given to find the third part. 

Preliminary . 

The adjacent and oblique faces A V C, A V B being 
constructed, the triangles upon these faces will have 
a common leg V A upon the adjacent edge, therefore 
the sectorial line upon each face will be perpendicular 
to V A ; hence the construction may be found from one 
of the three following rules. 

• Rule I. 

* (3.) When the inclination is required, the adjacent 

■anti oblique faces must necessarily be given. 

1. From any convenient point, A, in the adjacent 
edge V A, draw the sectorial line upon each of the two 
given faces. 

2. The sectorial line upon the adjacent face, and the 
sectorial line upon the oblique face being drawn, the 
adjacent leg and hypotenuse of the sectorial triangle 
will be given to find the vertical angle. 

3. The vertiesft angle being found will be the inclina- 
tion required.* 

Rule II. 

(4.) When the oblique face is required, the adjacent 
face and the inclination must necessarily be given. 

1. I : pon the adjacent face draw the sectorial line. 

2. Having drawn the sectorial line upon the given 
adjacent face, the adjacent leg and the vertical angle of 
the sectorial triangle are given to find the hypotenuse. 

3. Having found the hypotenuse of the sectorial 
triangle, the lateral and sectorial legs of the triangle 

. . upon the oblique face will be given to find the angle at 

the vertex, or opposite the sectorial side. 

4. The angle at the vertex being found, will be the 
angle of the oblique face required. t 

Rule III. 

(5.) When the adjacent face is required, the oblique 
face and the inclination must necessarily be given. 

J. Upon the given oblique face draw the sectorial 
line. 


that requires more than three right angled triangles in the diagram, 
and when the same triauglc occurs, it is uniformly denoted by the 
sumo litters. Though the number bo sixteen, seven or eignt of 
these are bulticieut for our present purpose. 


2. Having drawn the sectorial line upon the given 
oblique face, the hypotenuse and on angle oi ihe sec- 
torial triangle are now given to find the adjacent leg 

S. Having found the adjacent leg of the sectorial 
triangle, the lateral leg and sectorial leg of the triangle 
upon the adjacent face are now given to find the verti- 
cal angle. 

4. The vertical angle of the lateral triangle being 
found js the angle of the adjacent face required.* 

Proposition. — Problem 2. 

(9.) Any two of the three parts, the inclination, the 
oblique and opposite faces of a right trehedral being 
given, to find the remaining third part. 

The oblique and opposite faces AVB, B V C, fig. 
6, 7, and 8, being concerned, the lateral side of the tw o 
adjoining triangles will be their common hypotenuse 
B V ; and the sectorial liucs will therefore be perpendi- 
cular one to each of the unconnected edges A V and 
C V. Hence, by the following Rules, the part required 
may be found. 

Rule I. 

(10.) When the inclination is required, the oblique 
and opposite faces will necessarily be given. 

1. Draw the sectorial leg upon each of the two given 
faces. 

2. The sectorial leg upon the oblique face, and the 
sectorial leg upon the opposite face being drawn, the 
hypotenuse and the opposite leg of the sectorial triangle 
will be given to find the vertical angle. 


♦ Example 3. 

(8.) Given the oblique face A V B, the inclination B A C of a 
right trehedral, to find the adjacent face. A V U. 

1. Draw the right line A B perpendicular to A V. 

2. Draw A C perpendicular to A V ; make the angle C A \V equal 
to the given inclination, make A B' equal to A B, aud draw B'C 
perpendicular to A C. 

3. Join V C, and A V C will he the angle of the adjacent face 
required. 

In order to find any of the three parts required by compu- 
tation, we shall here give the* investigation of the three fannulie, 
and as this can be done according to any of the three Rules, we 
bhall adapt this process to Rule I., in which the dihedral angle is 
required to be found as being the most simple. 

Let VA radius ss 1 ; then will A 1) = tan AY B, and AC s 
tan AV C. 

Now in the right angled triangle All'C are given the adjacent 
leg A C and the hypotenuse A B to find the veitioal angle C AH'. 
By trigonometry making radius upon AB' and the cosine therefore 
upon A C, tile following analogy will give nu equation from which 
any of the three parts may he found. 


* Example 1. to lti. r.K I. PHorosiTiON. 

(6i) Given the oblique face A V 11, fig. 4 or 5, and the adjacent 
face A V C of a right trehedral, to find thu inclination. 

1. Take any convenient point A in the adjacent edge V A, and 
dtyw the right lines A B. A C, each perpendicular to A V. 

2. IJhiw C B' perpendicular to A CJ, and from tip point A with 
the distance A B cut the perpendicular C B' in B\ Join A B, and 
the angle C A B' is the inclination required. 

fj Example 2. 

(7.) Given the adjacent face A VC, and the inclination of a 
right trehedial, to find the oblique face AV B. f 

1. Having as before assumed the point A in V A, draw the right 
lino A C perpendicular to A V. 

2. At tne point A with the right line A C make the angle CAB' 
equal to the given inclination, and draw the right line C B' perpen- 
dicular to A C. 

X Draw thu right line A B perpendicular to A V ; make A B 
equal to A B', join B V, and A V B is the angle of the oblique face 
required# 


A B' : A 0 : : radius : cos C A B' 
hence 


A C X rad _ tan A V C 
AB' “taiiABV’ 


tan A V C = tan A YB X cos C AB' # 

tan A V H = = *an A V C X hoc C A B 

cos C A B 


because see = -i, 
cos 

. cmCAB s * * an A V C X cot A V B ; 

tan AVB 

because cot' = — . 

tun 

These equations in terms of the trehedral will be thus expressed: 
tan adjacent face = tun opposite face X con iucl.iiatwn. 
tan oblique face rz t an adjacent face X c«s inclination, 
cos inclination -- tan adjacent face X cot oblique luco 


Carpentry. 
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3. The vertical angle being found, will be equal to 
the inclination.* 


Rule II. 

(H .) When the opposite face is required, the oblique 
lace and the inclination must necessarily be given. 

1. Draw the sectorial leg upon the given oblique face. 

2. The sectorial leg upon the oblique fucc being 
found, the hypotenuse and the vertical angle of the 
sectorial triangle will now be given to find the opposite 
leg. 

3. The opposite leg of the sectorial triangle being 
found, the hypotenuse and the sectorial leg . of the tri- 
angle upon the opposite face will be given, to find the 
angle of this opposite face. 

4. The angle of the opposite face being found is the 
angle required,! 

Rule III. 

(I 1 ?.-) When the oblique face is required, the opposite 
face and inclination must necessarily be given. 

1. Draw the sectorial line upon the given opposite 
face. 

2. The sectorial line upon the opposite being found, 
the vertical angle and opposite leg of the sectorial triangle 
will lx* given, to find the hypotenuse. 

3. The hypotenuse of the eectorial triangle being 
found, the hypotenuse and sectorial leg of the triangle 
upon the oblique face will be given, to find the angle 
opposite to the sectorial leg. 

4. The angle opposite the sectorial leg being found, 
will be the angle of the oblique face required . t 

* Example to Rci.a I. Proposition II. 

(13.) Given the oblique face B V A, (fig. 6 or 7,) and the oppo- 
site face B V C of a right trehedral to find the inclination. 

1. Draw the right line B C perpendicular to C V, and the right 
line H ;V perpendicular to A V. 

2. From the point B, with the distance B A, cut V C, or V C pro- 
longed in .V, and join A* B. Then 13 .V C is equal to the inclina- 
tion required. 

This case is Applicable to the ranging of hip rafters, and to find- 
ing the dihedral angles of the regular solids. 

f Example tn Rule II. 

(14.) Given the inclination B- A C, (fig. 8,) and ihe oblique face 
AYR of a right trehedral, to find the opposite face B C V. 

1. Draw B A perpendicular to A V. 

2. At the point A, with the right line A B, mnke the anglo 
B A C' equal to the given inclination, and draw B O perpendicular 
to A C'. 

3. Upon V B as a diameter describe the semicircle B C V ; from 
the point B, with the distance BG', cut the semicircular arc in 11, 
and join CV. Then BVC is the angle of the opposite fuce re- 
quire!. 

\ Example to Rri.B III. 

(15.) Given the incliuatiou 11 A' C, (fig. 8.) and the opposite face 
B V CJ of a right trihedral, to find the oblique lace. 

1 . Draw B C perpemlicular to V C. 

2. In V C, or in V C prolonged, take any point, r, and draw e d \ 
making the angle C e *1 equal to the given inclination ; and from B 
draw tl»e right line B A' parallel to de t meeting C V m A'. 

3. Upon V B as a diameter describe the semicircle B A V; and 
from the point B, with the distance B A', cut the semicircle in A. 
Join A V and A B. Then the angle B V A is equal to the angle 
of the oblique faco required. 

The methods of finding the formula when two parts out of the 
three parts concerned iii the proposition are given to find the third, 
are similar to those investigated in the note to the example of Rule I. 
It mil, therefore, be only necessary to give the three expressions in 
terms of the right trehedral. 

1. sin opposite face rr sin oblique face X sin inclination. 

2. sin oblique face = sin opposite face X cosec inclination. 

3. sin inclination ss sin opposite face X cosec oblique face. 


Proposition. — Problem 3. Carpentry. 

(l(i.) Any two of the three parts, the inclination, the 
two right faces of a right trehedral being given, to fiud 
the third, or remaining part. 

Preliminary. 

The two right faces being concerned, the lateral edge 
of the two adjacent triangles will be the right edge, and 
will be the leg of the triangle upon the opposite face, 
and the hypotenuse of the triangle upon the adjacent 
face. Hence, the pari required may be foqnd by one 
of the three following Rules. 

Rule I. 

(17.) When the inclination is required, the two right 
faces must necessarily be given. 

1. Draw the sectorial line upon the adjacent face, and* 
the sectorial line upon the opposite face. 

2. Having drawn the sectorial lines upon the adjacent 
and opposite faces, the adjacent and opposite legs of the 
sectorial triangle will be given to find the vertical angle. 

3. The vertical angle being found will be the inclina- 
tion required.* 

Rule II. # 

(18.) When the opposite face is required, the inclina- 
tion and adjacent face must necessarily be given. 

1. Draw the sectorial line upon the adjacent face. 

2. The sectorial leg being drawn upon the adjacent 
face, the vertical angle and ad jacent leg of the sectorial 
triangle will be given to find the hypotenuse. 

3. The hypotenuse of the sectorial triangle being 
found, the lateral and sectorial legs of the triangle upon 
the opposite face will be given, to find the angle opposite 
to the sectorial leg. 

4. Tite angle opposite to the sectorial leg being 
found, will be the angle of the opposite face required. t 

* Exumpl* i„ Rli.r I. Paorosn ioN. 

(20.) Given the adjacent face A V f , ( tig. 9 % ) and the opposite 
face B V G of a right lreheilr.il, to find the inclination. 

1 . Draw C A perpendicular to A V , uud G B perpendicular to V. 

2. Draw G B' jurpeudicuUr to G A, and make (,’ H' equal to 
C B. Join A H # ; then the vertical angle C A B' is equal to the in- 
clination required* 

Or thus, instead of 2. (fig. 10 nml 11.) 

2. Having drawn G A and G B as in 1 . From the point G, with 
the distance C A, cut G V, or G V prolonged in A', and join A* 11. 

Then the vertical angle C A' B is ihc inclination required. 

N.B. — This Problem is applied m Gurpenliy to the ranging of 
hip rafters ; arid ill Sciagraphy to the shadows of cylinders m aU 
positions, us also to the shadows of polygonal and circular rings, 
f Example to Kct.R II. 

(21.) Given the inclination B* A G, (fig. 9,; and the adjacent 
taco A V G of a right trehedral, to find the (qqxrsitc lace B V G. 

1. In the connecting line V G of the two faces concerned, take 
any point G, uud draw C A perpendicular to A V. 

2. At the point A, with the right line A C, make the angle 
O A IV equal if the given inclination, and draw C B' perpendicular 
to (' A. 

t)rnw C B perpendicular to C V j make C B equal to C B', and 
join H V. Then G V B is the angle of the opposite face required. 

Or thus, instead of 2. and 3. 

2. In CV, (fig. 10 and 11,) or in C V prolonged, cut off the 
part C A' equal to C A, and make the angle G A' B eqijal to the 
given tncliroRion. Draw B C perpendicular to G V. 

3. Join B V, and C V B is tne angle of the opposite face required. 

N.B. Tliis Problem is applied in perspective in finding the 

vanishing hue of a plane, and in Dialling to finding the hour lines, 
the angle which the style makes with the suhstyle being given. 

♦ Formula for the arithmetical computation, 
tan opjiosite face =2 tan inclination X sin adjacent face, 
tan inclination 4c tail opposite face X cosec adjacent fact, 
tan adjacent face sss tan opposite face X cot inclination. 
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(19.) When the adjacent face is inquired, the incli- 
nation and opposite face must necessarily be given. 

1. Having drawn the sectorial line upon the given 
opposite face, the vertical angle and opposite leg of the 
sectorial triangle will be given, to find the adjacent leg. 

2. The adjacent leg of the sectorial triangle being 
found, the hypotenuse and sectorial leg of the triangle 
in the adjacent face will be given, to find the angle 
opposite to the sectorial leg. 

3. The angle opposite to the sectorial leg being found, 
will be the angle of the adjacent face required. * 

PaorosmoN . — Problem 4. 

(23.) Any two or three faces of a right trehedral being 
given to fiud the third. 

General Rule, 

When any one of three faces is required, the oilier 
two must necessarily be given, and these may either 
be the two right laces or one right lace and the oblique 
face. If the two right faces be given, the lateral right 
edge V C must be the connecting edge, but if the oblique 
face and a right lace be given, the right face may always 
be supposed to be the adjacent face AVO, and conse- 
quently A V the adjacent edge. 

As the face to be found may be attached to either of 
the unconnected edges of the two given faces, the lateral 
side of the triangle fro be found, attached to the uncon- 
nected edge, must either be a leg or hypotenuse of the 
triangle in the face required, but as one of the two may 
always be chosen, the leg will afford the most easy con- 
struction ; lienee, 

If the lateral edge, to which the third face of the tre- 
licdnil is connected, be a leg, draw a right line from the 
sectorial point perpendicular to the leg, and the secto- 
rial leg will be upon this perpendicular from the secto- 
rial point, and from the vertex of the lateral faces with 
the length of the other unconnected lateral edge cut the 
perpendicular, join the point of section and the vertex. 
Then the angle at the vertex will be the angle of the face 
required. 

But if the lateral edge to which the third face is con- 
nected be the hypotenuse of the triangle in the face 
required, describe a semicircle oil this hypotenuse as 
a diameter, and from the vertex of the trehedral faces 
with the length of the other unconnected lateral edge 
cut the semicircular arc. Join the vertex of the faces 
and the point of section, and the angle by the line and 
the diameter of the semicircle is the angle of the face 
required. 

Though the construction is easier when the face re- 
quired is attached to a leg, yet as the intersection of the 

* Example to Rui.b II L 

(22.) Given the inclination BA'C (fig. 10 and 11) and the 
opposite face 11 V C of a right trehedral, to find tho adjacent face 
A VC. 

1. Ill V C take any convenient point C, and draw C B perpendi- 
cular to C V, 

2. InC V, or in Q V prolonged, take any convenient pjoint <% and 
draw c,i t making the angle C *r d equal to the given inclination. 
Draw B A' parallel to He, making C V, or C V prolonged in .V. 

3. Upon C V hu diameter describe the semicircle CJ A V j and 
firvm tlie point C with the distance C A' cut the somkiicurnfortmce 
in tho point A. Join A C and A V , then C V A is the adjacent face 
required. 

N. EL This Problem it used in Sciagraphy, in order fro find the 
Bnet of light and shadow in a cone. 


arc ilescnbfd from the vertex and the sectorial i 9 Corpenhy. 
sometimes occasionally very oblique, n preference "on 
this account, when it so happens, may he given t„ t | le 
other construction, when the lace required is attached to 
the hypotenuse. 

N. B. When the two right faces are given, cither 
may be made the adjacent face.* 


* Example to Proposition IV. 

(24.) Given tho two right f.u:es of a right trehedral to find tlio 
oblique fact*. 

Let the adjacent face bo C V A, (fig. 12,) and then-fore the op- 
posite face C V B' 1 

Now, in the adjacent face, tli« sectorial leg is perpendicular to 
the adjacent edge V A, and in the opposite face the rectorial line is 
perpendicular to the right edge ; therefore, 

^ L Draw C A perpendicular to V A, and C B' perpendicular to 

2. Lot it now be required to find the oblique face attached to the 
adjacent edge V A. Draw A B perpendicular fro A V, and from the 
point V with the distance V B' cut the right line A B in B, and 
join V B. Then A V 1) u the oblique face ri-quucd. 


Scno 1 . 1 cm. 

The four Propositions now given will he found to apply to every 
useful purpose in Carpentry, Perspective, Sciagraphy, amt Dialling. 
As to the case in which the two dihedr.il angles and one of the 
right face*, and that m which the two dihedral angles and the 
oblique face ure concerm-d, we shall leave for the exercise of the 
reader, who will now, if he understands the preceding ProjM'isi turns, 
not be at any low to supply the two Theorems just now men- 
tioned. 

The three faces being the parts of tins trehedral concerned, any 
two being given as above, we shall hire give the investigation of the 
formula for fiuding any one of the three parts from the other two 
being given. 

Let C V = radius 1, tlien will V B =r sec C V B, And V A — 
cos C V A. Now sinco by construction VB nVll, V H' =rsec 
(; V B ; hence in tho triangle B' A V the hypotenuse V Hs: sec 
C V B, and the leg V A =cos C V A, ase given to find the angle 
B V A ; therefore, making radius upon B V, the cosine of tho 
angle B V A will bo upon V A ; hence 


V B' i V A : : rad : cos 
cos C V A X cos C V B. 


_ V A X rad 
= V B r 


cos c V V 

sec C V B 


Hence cos C V A = cos B V A x*«CVB; 

and cos B V A cos C V A XcosCVB; these expressed 
by the parts of the right trehedral, will be 

cos one right face “ cos oblique face X see other right face, 
cos oblique face rr cos one right face X cos other right face. 
But before we dismiss this part of our Treatise, it wiil be found 
useful to show how this last Problem may be constructed by another 
principle independent of the trehedral. 

(25.) Let g V ti (fig. 13) be one of the right faces, and let g V 
be the edge of the other right face which is common to the two 
faces, and let V bo the common vertex of these faces. 

Through any point g in \ g draw gb in any convenient position, 
and prolong d V to any convenient point A. From the point q 
with the distance g A describe the arc A b, and from the same point 
A with the distance g V describe the arc V c meeting g b in c. 
Make the angle g cF equal to the angle contained by tho other 
given right face, and draw g F perpendicular to g b„ 

Fiom the poipt F with the radii FA, Fo describe the arcs A D, 
and c K, and from any convenient point K in the arc e E with the 
distance V A cut the arc b D in 1). Join F K, ED, and FED will 
bo the supplement of the angle required. 

For suppose the other right face to be placed upon g V with its ver- 
tex in V, and to be perpendicular to the piano g V b. Draw g F in 
the vertical face perjtendicular to gb; then the vertical face will meet 
the oblique face in a right line F V which is the h\ pot on use *#f a nght 
angled triangle of which g V is the ba.se, and thcrefoie the angle Wvd 
will be the angle of the oblique fact*. Imagine g A and 1* ' A to be 
joined, then F A will be the subtense of the Angle F V A, which will 
he the supplement «»f the oblique face. Now Ikcmum. 1 g c h* equal to 
g V, and g F is equal to the pcipendietdar g F of »»*■ imaginary ver- 
tical face, the tight angled triangle r g V will bo equal to the ngnt 
angled triangle V * g F in the vertical face ; lienee the hypotenuse c t 
is equal to the hypotenuse c F in the vertical taco. In like tnnunefi 
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C.u)>entry« Definitions . 

Def A plane to which the relations and positions of 
points, lines, and planes are given, and on which, from 
these data, other relations are determined, is called the 
primitive plane* 

Def A point, line* or plane is said to be in space 
when it is situated out of the primitive plane, and a line 
or plane is still said to be in space, even though one 
extremity of the line or plane should come in contact 
with the primitive plane. 

Def. If a right line be drawn from any point in space 
perpendicular to the primitive plaue, the point in which 
the right line meets the primitive plane is called the 
projection of the point , and the right line itself is termed 
the projectant of that point. 

Def. A right line drawn through the projections of 
two points of another right line in space, is called the 
projection of this right tine. 

Def. A line or a point is said to be given when its 
relations to the primitive plane are given. 

Def A right line is given in space when the projec- 
tion and inclination of the line is given, or when the 
projections and projectants of two of its points are given, 
or provided the line meet the primitive plane when the 
point of coincidence and the projection and projectant 
of one of its points are given. 

Def A point is said to be given either when it coin- 
cides with the primitive plane, or when its projection 
and projectant are given, or when the distances from 
the point to three given points upon the primitive plane 
arc given. 

Drf. A right line is said to be given cither when it 
coincides with the primitive plane, or when its projection 
and inclination arc given, or when it is parallel to the 
primitive plane, and the projection of the line and the 
projectant of one of its points are given ; or any line 
obliquely situated is said to be given when the projec- 
tions and projectants of two of its points are given ; or 
a right line meeting the primitive plane is also said to 
be given, when the point of contact and the projection 
and projectant of one of its points are given. 

Def A parallel plaue is understood to be that which 
is parullcl to the primitive plaue. 

Def. An oblique plane is that which has an inclination 
to the primitive plane. 

As the intersection of two planes is a right line, the. 
oblique plaue will meet the primitive plane in a right 
line. 

Def. The right line in which an oblique plane meets 
the primitive plane, is called the trace of the oblique, 
plane. 

Def. The trace of a plaue is ««ai(l to be given when a 
right line is drawn upon the primitive plane, so that the 
edge of the oblique plane, supposed to be a right line, 
may coincide with the line thu3 drawn ‘for fts trace. 

Def A parallel plane is suid to be given when the 
projectant of any one of its points are given. 

Def An oblique plane is said to be given when its 
trace and inclination to the primitive plane are given. 

Or when its trace and the projection and projectant 
of one of its points are given. 

if F b supposed to be joined, the hypotenuse F b will he equal to 
the hypotenuse ¥ A in the oblique luce. Hut F £ is equal to F c, 
and F I) equality ¥ b / therefore the three sides of the triangle in 
the oblique face are equal to the three sides of the triangle F K D j 
therefore the obtuse angle F K P will be equal to the supplement of 
the oblique face. 


Or when the projection and projectants of three of rarpenhj. 
its points are given.* 

Proposition. — Problem 1 


(26.) To find the primitive inclination of a plane 
which shall have a given trace, and which shall contain 
a given right line meeting the trace. 

Here in the right trehedral are. given the vertical and 
primitive faces to find the primitive inclination. 

Now as the primitive inclination is the inclination 
concerned, the primitive face is the adjacent face A VC, 
and the Vertical face the opposite face BVC. 

This Proposition, therefore, becomes the following 
Problem: 

The adjacent face A V C and the opposite face BVC 
of a right trehedral being given to find the inclination.. 

The solution of this Problem will be found as in (20.) 
fig. 9.t 

Proposition.— Problem 2. 


(27.) To find the vertical inclination of a plane which 
shall have n given trace, and shall contain a given right 
line meeting the trace. 

Here in the right trehedral are give^ the vertical and 
primitive faces, to find the vertical inclination. 

Now' as the inclination concerned is the vertical incli- 
nation, the vertical face must be the adjacent luce A VC, 
aud the primitive face the opposite face B V C. 

This Proposition, therefore, becomes the following 
Problem : 

The adjacent face A V C and the opposite face B V C, 
of a right trchedrulbeing given to find the inclination. { 


* The angle contained by tlu? tract? uf a plane, and the projet tion 
of a right lino contained i|i the plane, is one uf the light fare* uf .1 
right trehedral, and is situated in tin* primitive plane ; because both 
the trace of the plane And the pinjcctkm of ihe light line are 
situated in the primitive plane. The Angle of projection of the right 
line u the other right free of the trehedral, and is in consequence 
in the vertical plane ; and the angle which the right line makes 
with the trace of the plane is the oblique face of the trehedral. 

When it w suid that an uhhque right line is given, it must lie 
understood that the projection and angle of the projot lion of the 
right line is given. 

When it is said that an oblique right line is required, it must ho 
understood that the projection and angle of projection are lequircd. 

When the tiace of a plane is required, it must be understood 
that the projection of the - right line must be given, and the angle 
contained by its projection and the trace of the plane must either 
bo given or found. 

When the projection of a right line contained in n plane is re- 
quired, it must he understood that the trace of the plan*: must \hs 
given, and ‘the angle which the trace makes with ihe projection of 
the line found. 

Of the two inclinations of a right trehedrAl, the one, formed hy 
the oblique face and the primitive plane, is called for the take of 
brevity the primitive inclination ,• and the other, funned by the 
oblique and vertical faces, is called the vertical inclination. 

W ben only one of the two inclinations is concerned in the propo- 
sition, this inclination must be either given or required, but which- 
ever of the two it is, the right face which forma the inclination with 
the oblique face must be the adjacent face ; that is, when the primi- 
liv ; inclination is given or required, the primitive /ace must be the 
my a cent face ; anu when the vertical inclination is given or required, 
the vertical face must be the. adjacent face. 

\ This Problem is applied to the shadows of cylinders in all 
positions, to a given position of the Sun's rays, as alio to the sha- 
dows of polygonal and circular rings* 

X This Problem only differs from the last in the vertical inclina- 
tion being required in this, and the primitive in the last \ but both 
are resolvable into the very same case of the trehedral, (20.) fig. 9, 
when we abstract the trehedral from any position In regard of the 
primitive plane. 

This is the case which applies to the ranging of hip rafters, when 
the angle which the hip makes with its projection, and the angle 
which the projection makes with the wall plate, are given. 
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# Carpentry. PRO* 0*1X10#.— Problem S. 

(*29.) To find tbe inclination of a plane, so that the 
plane shall have ft given trace, and shall be parallel to a 
given right line. . 

Let D E (fig. 14) be the trace df .the plane, C r V' 
the projection of the right line, V any convenient point 
in.D E,, and C any convenient point in V' C'. 

Make the angle C f V' B' eqctal to the angle of projec- 
tion, and draw V C parallel, and make it equal to Vf C # . 
Draw G A perpendicularly upon D E, C-B perpendi- 
cular to C A, and C'B' perpendicular to CV'. ■< Make J 
C B equal to O' B\ and join A B. Then C AB is equal 
to the inclination required. 

This Problem is equivalent to that of having the two 
right faces of a right trchedral to‘ find ope of the Inclina- 
tions, which is here the horizontal inclination, the two 
right faces being C V A and C' V' IT. (17.) (20.) 

Proposition. — Problem 4. 

(29.) The trace A V (fig. 12) of a plane, and a right 
line parallel to the plane being given, to draw a right 
line in the plane from ? giyen point V, in the trace 
parallel to tnc given right line*. 

Let D E be the projection of the right line, and let V 
be the given point in the trace A V of the plane. 

Draw V C parallel to E D, and at the point V with 
the right line C V, make the angle CVB' equal io the 
angle of projection of the line/ - ' 

Here we have now ijiven the two right faces C V A, 
CV H' of a right trenedral, to find the oblique face, 
(23.) (24.) and we shall find that A VB is the oblique 
face required. 

Thus the oblique face will be found without pre- 
viously ascertaining the inclination of the planes.* 

Proposition. — Problem 5. 

(30.) Two oblique right lines being given, to find the 
trace of a plane which shall contain one of the lines and 
be parallel to the other. 

Let A B (fig. 1 5) be tbe projection of one of the 
lines, and C D that of the other. 

Draw B E parallel to C D. Draw B F* perpendicu- 
lar to BE, and fi F perpendicular to B A. Make the 
angle B A F equal to the angle of projection of the line, 
of which the projection is AB, and make B F' equal to 
B F, At any convenient point in BE> make the angle 
B i A equal tQ the angle of projection of the right line, 
of which the projection is C D, and draw F ; E parallel 
to A L Join A E* then A E joined is the (race of the 
plane required.t 

* These two last propositions will be applied tb' cylindrical vault- * 
ing upon an inclined plane, where they areindfengnsahlc. 

f For imagine the right angled triangles ABF and E B F, to bo 
raised upon their bases AB and B E» until B F and B F* lie each 
petneudicuUr to the piano A BE. and the two right lines B F and 
BF will coincide* and the point F will coincide withthe point F. 
Let 1 this point of coincidence \m called G ; the point G wilt be a 
point iu the plane }, but the true AR/ aml consequently the points 
A, Kara in the plane, hence the sides AG and AfiartlnthepUrte. 
Now, because C D and B K ere parallel, and t^e angle B E G is, by 
hypothesis, equal to the angle of the line of which the 

projection » CD} aftd because (be t#o planes which confetti the 
lines of whicli C D odd B Er«iitha projections ore vertical blanes, 
they ere parallel planes. .. .< v \ * >./ *\ : ~ > ■ ' 

Hence the right lint' G K wUlrbe' m&tflel tp the right line of 
which C D is the projection ; but if a" right line be parallel to a right 
lino in a plane, the right line i^pafiiU to that plane l therefore 
the plane AEG wfiijp parallel ty the fight line of which the pro- , 
jection ts CD. 

vob. vi. ’ * / ' ; •' ' ’ T . ' . ' ' ). 


Projection. Carpentry. 

Since a right line^ is given by having the position of 
the points in which It terminates, and a plane rectilinear 
figure by having the position of the right lines which 
form the, edges, a solid bounded by plane figures is 
therefore given when the points terminating all the 
right lines which form the edges of its surfaces are given. 

Now as a point is most simply determined by its pro- 
jection and the length of Sts projectant, so also a solid 
in space, contained by plain faces, is most simply deter- 
mined by having the projections and the heights of the 
projectants of all its linear extremities. 

Proposition. — Problem 1. 

(3L) Any oblique plane, and the position of a point 
in that plane, being given, to find the horizontal projec- 
tion of the poiut. 

Let T It (fig. 16) be the trace of the plane, and M 
the position of the point. Draw M u intersecting T ft 
perpendicularly in v f and draw v W making tbe angle 
u v W equal to the horiXQ&taL inclination of the plane. 

From the point v, with tbexadius v M cut v W in n , and 
draw n m cutting uv perpendicular iy in m, and m is the 
projection of the point M. *’ . 

Or, thus: 

(32.) Let D be the given position of the point to be 
projected. Draw D d intersecting T R 'perpendicularly 
in g. In T ft take any convenient point v, and* draw 
vn perpendicular to TR, and make the angle u v W 
equal to the inclination of the plane. In v W make v n 
equal to g D, and draw n m meeting v u perpendicularly 
in tn. Draw m H parallel to T ft, and d is the projection 
of D as required.* 

Proposition.*— Problem 2. * 

(33.) An oblique plane and the projection of a point 
in that plane being given, to find the position of the 
point in the plane. 

Let T ft (fig. 16) be the trace of the plane, and d the 
projection of the point. Having constructed the angle 
u v W, draw d m parallel to T R, meeting vu in in, and 
draw mn perpendicular to t?u meeting v \V in n. Draw 
d D perpendicular to T ft, meeting T R ing, and make, 
g D equal to v ft, then D is the poiut required. 

Proposition. — Problem 3. 

(34.) To find tlte horizontal projection of the point 
in which a given right line will meet a given plane. 

(35.) Case l. When the given right line is parallel 
to the plane of projection, it will, then be given when its 
projection w jpken, apd when the projectant of any one 
> of us points is giyen. ; 

■ ' ■ i , - ■ - * 

Tbi| proposition will be useful when, the inclination in the Sun’s 
ray t is given, and the inclination of a right line to the primitive 
plane, to find the. shadow of the Hue. 

* For two right lines, one drawn from 'the point and the other 
drawn from Us projection* Wilt mW the trace of the plane in the 
soma point, 'and because g D is equal to t> M, the right line D U 
is parallel to T B; therefore the points D and M are in a n^ht 
line parallel to the trace of the plane ; hence the projections aio 
also in a right .tine parallel to the trace of tho plane ; henco the 
point cf is the projection of the poiut I). v 

Sckofutm? Tina hit p*urt will be often found convenient, for it 
many points Were, to bo projected, it would be only necessary r a 
contract one' angle for the whole, and thus the unnecessary trou.ua 
tn construct an Anglo equal to the inclination of the planes, lor 
every point to be projected would be avoided. 

- 2 L 
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Carpentry. j n Hua case let Od (fig. 17) be the projection of the 
line, and let T 11 be the trace of the plunc. In T R 
take any convenient point v, and draw vi/ perpendicular 
to T R. Make the angle «t)W equal to the horizontal 
inclination of the plane, and from any convenient point 
pin v it draw p q perpendicular to v u. Make p q equal 
to the height of the projectant of the point, and draw 
q n parallel to v ti, meeting v VV in w. Draw n m per- 
pendicular to v.n, meeting vu in m, and draw tn d pa- 
rallel to TH. Then d is the projection of the point in 
which the right line will meet the plane of whieh the 
trace is T II, and of which the horizontal projection is 

erf. 

(36.) Case 2. When the right line is obliquely situ- 
ated to the horizontal plane, it must be given in this case 
either by having the projection of two of its points, and 
the projectants of these two points, or by having the 
point of coincidence, in which the line meets the plane 
and the projection and projectant of one of its points. 

Lettfrf (tig. IS) be the projection of die line, 0 the 
point of coincidence, and k the projection of one of its 
points, of which the projectant is known. 

In Til take any convenient point i\ and draw vu 
perpendicular to T R. Make the angle uv W equal to 
the horizontal inclination of the planes, and draw 0 l 
and le p each perpendicular to u t\ meeting 7* v in / and 
p. Draw p q perpendicular to u r, and iqake p q equal 
to the height of the projectant of the point, of which the 
projection is k % and draw the right line / qr. Prolong l q 
to meet t> W in n f und n m perpendicular to u v meeting 
v v in m. Djrnw m d parallel to T It, and d is the pro- 
jection of the point required.* 

Proposition. — Problem 4. 

(37.) To find the point in which a given right line 
will meet a given plane. 

Fig. 19 exhibits the case in which the right line is 
parallel to the horizontal plane, and fig. 20 exhibits the 
case in which the right line is obliquely situated to the 
horizontal plane. The notation or letters of reference 
being the same as in fig. 17 and 18. Let Ok (fig. 19) 
be the projection of the right line which is parallel to 
the horizontal plane ; find the horizontal projection d of 
the point in which this right line will meet the given 
plane. (34.) Again, in fig. 20 let 0 be the point of coin- 
cidence in which the right line meets the horizontal 
plane, aud lot k be the horizontal projection of a point in 
the line of which the projectant is known ; then find 
(36.) the horizontal projection d of the poipt in which 
the right line in this case would meet the given plane. 
The remaining part of the process being the same for 
each figure ; therefore, in fig. 19 or fig, 20, draw d D 
perpendicular toT R, intersecting TR in g; then the 
point n being already found by the construction which 
was necessary in finding the horizontal projection of th© 
point in whieh the right line meets the given plane ; it 
only remains to make g D equal to v n, and D will be 
the point in which the right line will meet the given 
plane, as required to. be found.t 
T , , ■■■* 

• For let. the piano of the angle «v W be turned upon « u until 
it become perpendicular to the horizontal plane, and upon this hypo- 
thesis, the right line t n, and the right line of which 4 4 is the pro- 
jection, will bo in a plane, of which 4 / ic the trace \ and. because^ / 
add T Rare (aundlel, the traces of the two planes ora parallel $ there- 
fore the intersection of these planet is parallel to each of the traces ; 
therefore since n and D are in a right line parallel to TR, the pro- 
jection of the points n and D are also in a right' line perattei to T R. 

+ The reason of this process is so obvious, front Mist: in the pro- 


Applications of Projection in finding the. Sections and Cttl *’ c,ltr 3 
Envelopes of Solids, 

The surfaces of all solids are developable which can 
he imagined to be unfolded and extended so that every 
point in the surface may be in contact with a plane. Oi 
reciprocally, the surface of a solid is developable when 
a plane surface can be bent upon the surface of the solid 
so that all its parts may be in contact with the surface of 
the solid. 4 

Proposition*— Problem L 

(36.) To find the oblique section and covering of a 
given prismatic solid, the plane of the section being 
given. 

A prismatic solid is given when the plane which con- 
tains the right section is given, aud when the section 
itself is given in relation to the trace of the plane.t 

Let a fifyb « (fig. 21) be the given right section of 
the solid, and let y z be the trace of the plane which 
contains the right section; also let T JR be the truce of 
the plane which contains the section required to bo 
found. ' * j 

From the points a, ft, 7, d, « draw right line9 perpen- 
dicular to y z, all meeting it in as many points as there 
are right lines, and these right lines will be the heights 
of the projectants of the edges. From the point of sec- 
tion iu y 2 draw right lines perpendicular to yz, and 
these right lines will be the projections of the edges upon 
the primitive plane. Let flrfbc the projection of the 
edge of which b is the section, and let 0 b be the perpen- 
dicular height of the point d,uml Ob will be equal to the 
projectant 

Find d, the projection of the point in which the right 
line, whose projection is 0 d y and the height of its pro- 
jected 0 d, meets the plane whose trace isT R and angle 
of inclination «t>W. (34.) (3i>.) (36.) In the same man- 
ner find the projections e a 6 c of the points in which the 
remaining edges would meet the plane of section. 

Find the point D, in which the right line, of which the 
projection is 0 <5, will meet the plane of section, (37.) and 
in the same manner find nil the other points; then the 
right lines E A, A11, BO, CD, DE, being drawn, 

ABCD E will be the section required. 

(39.) Let it now be required to find the develope.- 
ment of the successive planeB and the edges of these 
planes which will meet the plane of section upon the 
right lines AB, BC, CD, DE. 

ceding proposition, that no demonstration seems necessary to com- 
prehend it These propositions being understood, the student will 
nod theif usee in Catpentiy of unlimited application, particularly 
in the various sections of difficult construction, os will 1>« sufficiently 
f ^amplified in this Treatise. We shall therefore proceed to apply 
them in finding the sections and coverings of such solids as are 
foveluppbte. 

* The coming of solids is of the greatest use in Carpentry 
and Joinery, in forming the soffits of arched doors, windows, or 

C ’ f the solid* employed in the formation of arehes are generally 
of cylinders* cyliudroids, or of cones, the surfaces of which are 
aJVay* devetopable. 

f This bang the case, all the edges of the solid wifi be perpen- 
4jetUar to the plane of ratio* But when aright line is jwrpendt- 
chins te e plane, the twee of the plane and the pntatmu of the lino 
upon another plane will be Perpendicular to each other, therefore 
the projections of the edges of the solid in the primitive plane will 
be perpendicular to the trees of the plune*f section. But ns it is 
here supposed that the plane of section is perpendicular to the him* 
rental plane; therefore the edge* of the solid and their prowetions 
will be parallel, 1 * 
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Carpentry % Prolong zy to and at any convenient point a* in 
x— — -v ||j e prolongation, y from a' cut off a' ft! equal to 
a ft ; from ft ' «" cut off ft' f equal to ft y; from 7' a ,f cut 
off 7' <5' equal to 7 B ; and from a /; cut off $V equal to 
$ « ; and, lastly, make e' equal to e«. 

From the points a', /3', 7', ^ e 1 , a rf , draw the right 
lines* a A a', /3 1 , , 7 ' o', o' d', gV, a rl a", each, perpendicular 
to a" d ; and from the points a , c, d r e, m the projec- 
tion of the section, draw the right lines aa\bb\ cd,dd f , 
t e\ a a\ parallel to z a”. Join ct V, V d, d (t , d!d s da*, 
then will the covering required be the rectilinear figure 
a"a'a'6V<*Va". * 

Fig. 1, pi ii. exhibits another example m which the 
figure of the solid is. a semicylinder instead of a prism. 

. Profosition*— Problem 2. • 

(40.) To find the envelope or covering of a tight 
semicone, the axis being situated in the horizontal plane. 

Let a be, pi. ii, fig. 2, be the section of a cone along 
its axis, and let b c be the section of the base, then the 
sides a b and a c of this section are equal to each other, 
and each equal to any edge whatever of the cone ; and 
consequently, the envelope or covering will be the sector 
of a circle of whkfii the radius will be equal to any edge 
of the cone, and the length of the arc equal to the semi* 
circular arc of the base ; therefore, upon be as a diame- 
ter describe tile semicircle bfc 9 aud from the summit a 
of the cone with the length a c cf one of the edges de- 
scribe the arc cFB, and make the arc cF B equal to 
the semicircular arc cfb . Join B a, and ac)i is the 
em elope required. 11 

Proposition. — Problem 3. 

(41.) Given upon the primitive plane a section of a 
right cone along the axis, the envelope of the semicone, 
and a point in the envelope to find the projection of that 
point upon its surface. 

Let <1 be (fig. 2* plate ii.) be a section of the cone, 
and let AC B be the envelope of the semicone, and let 
D be the point in the surface which is required to be 
projected. 

Through the points a and D draw the right line a F 
meeting the arc c II in F, and upon 6 e describe the 
semicircle bf c. Transfer the arc c F of the sector to the 
semicircular arc, making cf equal to c F, aud draw/e 
perpendicular to 6 c. Join ea, and from the point a as 
a centre, with the distance a D, describe the arc*Dg 
meeting a c in g, Draw g d parallel to c 6, meeting e a 
in d, and d is the projection of the point D.t 

* For imagine the semicono to bo so placed, that the tides of the 
Rectum through the axis may be upon « 6 and a c, and thd diameter 
upon A c, and imagine the semicircle bf c to bo turned upon 5 c as 
an axis until ita plane coincide with the send base of the cone; then 
a« the centre of tho semicircle b fc coincides with the base of the 
cone, the two ttjmicirevnnforences will coincide and become one 
frtnncircumfereuce. Imagine, then, that the Rector a c Brito bent 
that every point in the surface of the cone will coincide with the 
surface of the sector; then becatise every right line drawn IVuui tho 
point a to the ate C F B is equal to every right fine on the cone's 
surface drawn from the summit a to the semieifcuihfereneF of the 
base, the are of the sector will Coincide with the semknreumfcrsnee 
of the base of tile cone, and therefore the cone will W entirely co- 
vered. ■ ‘ ‘ v* 

t For suppose the ■smicono ' to be enveloped with its envelope, 
then upon this hypothesis the right fine tf Wul be j«orwhdiculur to 
the plane ab eg therefore 1 every , plane passing through,*/ will bo 
perpendicular to tho piano a b cf hence the plane passing along the 
nght hues a* and c/will be perjienifioular tp the |4a tinkbpg these* 
fore the right lines /w and t e ajw in the same plane. - ■ 

Again, much the section cf a none parallel to its bate k4t circle 
perpendicular to the axis of the cope, the section of. the semicone 


Proposition. — Problem 4. Carpentry. 

(42.) Given the projection of a point in the surfacFof v 
a right cone upon a section passing along its axis, to find 
the position.of the developement of the point. 

Supjfcse the cone to Ire placed upon the horizontal 
plane, so that Us section along the axis may coincide 
with the horizontal plane. 

Let a 6 c, fig. 2, be the section along the axis, h c being 
the section through the circular base, and consequently 
a diameter of this circle, aud let d be the projection of 
the point upon the section a be. 

Join ad, which prolong to meet be in c, and upon 
b c as a diameter describe the semicircle h f c. Draw ef 
perpendicular to b c, and from a as a centre with the 
distance a c describe the are cF. Make the arc cF 
equal to the portion ef of the semicircular arc c/6, and 
join F a . Through d draw the right line ig perpendi- 
cular to A If, the axis of the cone meeting the side a c in 
the point g, and again from the centre a, with the dis- 
tance a g, describe the arc g D meeting a F in D; then 
D is the (level opement of the point of which, d. is the 
projection. v 

Proposition.— Problem 5. 

(43.) To find the section atid envelope of the portion 
of a right cone comprised between the horizontal plane 
passing along the axis aud a given oblique plane. 

Let Ola (fig. 3) be the section ot the cone along the 
axis, and let T 11 be the trace of the cutting plane, and 
let 01,0 a meet T 11 in t and a. ’ 

Bisect the angle 10 a by the right line 0 d, aud through 
any point in 0d draw y z perpendicular to 0 d , meeting 
0 1 iu y and 6 a in z. Upon yz as a diameter describe 
the semicircle yiz, and divide the semicircular arc into 
as many equal parts as there are intended to be points 
found in the section or in the curve of the envelope. 

Draw right lines through the points of division to meet y z 
perpendicularly,* and through the points of section in y z 
draw the right lines 0 b, 0 c, 0 </, &c. ; then 0 is the point 
where the right lines 6 b, Qc, 0d, & q. meet the hori- 
zontal plane, and the perpendiculars to y z are the pro- 
ject&nts of the paints in the semicircular arc. There- 
fore the projection and the projectant of a point in every 
one of the lines of which the projections arc Oh, 0 c, tid, 

& c., are given, as well as their common intersection at 
0 , to find the projection of the points in which these 
line* will meet the horizontal plane, (34.) (35.) (36,) and 
to find the points in which these lines will meet the plane 
of section, (37,) the trace and horizontal inclination of 
the cutting, plane being given. Let h, c, d, &e, be the 
projections of the points where the right lines forming 
edges of the conic surface would meet the plane of sec- 
tion, and B, C, D, Ac. the points of section of these 
rigid lines, and the cutting plane ; then by the last Pro- 
blem (42.) find b\ d, d'*. ctc., the. development of these 
points of which the projections are b, c, d, Ac., and the 
curve a BC D,&c. will bathe section ; moreover, the curve 
will be the curve of the section of the developement. 

will be a semicircle perpendicular to tho axis; bonce 9 d a [«irt of 
the diameter, and the are of the semicircular section are Mb in tho 
Watne pUnO, and aiuco tho semicircular section is perj’emlieuUr to 
the tins, all right lines drawn from a to tlie aemirirrular arc arc 
equal. Now, since by hypothesis the point F coincides with/, and 
th4 right line F With a/; therefw«tho point 1} will K' in tho 
right Fine a/, and became a D is equal to mg, the jioint 1) will w 
in the spmkiitkof whicli the diameter is gig hence the [ H ’ ,n w 
4 D wifi be both in a rigid line perpendicular to tho piano ab eg 
fherdbro 4 b the projection uf the point D. 

2 L 2 
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‘ v .. Proposition- — Problem 6. 4 

(44.) To find the envelope of nn oblique pyramid, 
given the base, the projection, and projectant of the ver- 
tex upon the horizontal plane. 

Let abed (fig. 4) be the base and e the projection of 
the vertex. Then the figure fa* b'c'd'a' 1 , which is the 
envelope, may be found' by (25.) fig. 13. But ns thieis 
of considerable importance in the Art of Carpentry, we 
shall give -the description here; the point e in this being 
the point g in that of fig. 13, and being common to all 
the sides <1 ft, bc,cd, d a of the base, will render the 
description easy. 

Draw any right line ek through the point e. 

From the point e ns a centre with the radii e a, eb, 
e.c, ed, &c., describe the arc 9 ah s bi,ck, d% meeting 
ek in h, i y k, l. 

Draw <?/ perpendicular to ek, and make ef equal to 
the height of tiic projectant of the vertex upon e. Then 
from the point f as a centre, with the distances of the 
point/ lroni each of the points h , i, k, l, describe the arcs 
ka\ h a!\ i ft', kd, Id?, and in the arc h a f take the 
point «" # ot pleasure ; then from the centre a f with the 
side a b of the base cut the arc i b * in b', from the centre 
b\ with the side b c of the base cut the arc kd in <?', from 
the centre c r with the next side c d of the buse cut the 
arc l d* in d\ and from d* with the remaining side d a 
of the base cut h a*' in a rr . Join <v V, b ' d, d d‘, d f a tf , 
also join •/<?',/«", and fatV d d! a n will be the .enve- 
lope required* 

Proposition . — Problem 7 . 

(45.) Given the radius of a cylindric surface, to find 
the envelope of one of the portions of this surface com- 
prised between two planes intersecting each other, so that 
the common sectiou and one of the planes may each be 
perpendicular to the axis. 

Let ST (fig. 5) be the axis of the cylinder. 

Method First . 

From any point D in S T draw D C perpendicular to 
ST, and make DC equal to the radius of the cylinder. 
Through C draw R U parallel to S T, and draw D E, 
making the angle C DE equal to the inclination of the 
planes. Let D E meet R U in E. From the point D, 
with the radius P C, describe the quadrants) arc ABC, 
and prolong DC to A'. Make the right line C A' equal 
to the length of the arc A B C, and divide the arc A B C, 
and the right line C A', each in the same proportion, or 
equally into an equal number of parts. At the points 

I, 2, .3, Ac. of section in the arc draw right lines per- 
pendicular to DC; and from the points of Section in 
DC draw right lines again perpendicular to DC to 
meet D E. Likewise) from the points of section in A' C 
draw right lines perpendicular to A' C, and make the 

; perpendiculars from the points of section respectively 
equal to the perpendiculars comprised between the right 
lines DC and DE, so that the perpendiculars receding 
from A' fpwards C may be respectively equal to the 
perpendiculars reciting from D towards C. 

Thus, for example, from the second point of section 

II, in the 'ate A B C, draw 2p , meeting A D perpendi- 
cularly in p, and draw p m perpendicular to C D, meet- 
ing E D m m* From the corresponding seepnd point 

• Scktfinm. In this manner w they approximate to the surface 
of sit oblique coae, or thrt of aay oblique pyramid, whatever may be 
the number of hs 1 ities* 


P, in the right line A 1 C, draw PM perpendicular to Carpcutiy . 

A! C, and make P M equal to pm. A sufficient number ' 

of poin.Ls being thus found, ana the curve A' M' Redrawn 
through these points, the triangle ACE formed by the 
right lines A' C, C E, and the curve A' ME will bp half 
of the envelope required. 

But if the abscissas be increased beyond a quadrant, 
ihe ordinutes will become less and less in reverse order ; 
and when the abscissa is equal to the semicircumfereuce 
of the circle, the figure will end in an opposite vertex or 
point.* 

Def. Any portion of the sinic figure contained by an 
ordinate and abscissa, and therefore the part next to the 
vertex, is called the vertical segment of the sinic figure. 

Def. Auy portion of the sinic figure comprised be- 
tween two ordinates is called ft L'VJicalcd sinic figure. . 

Def. if the abscissa of the sinic figure be a quadrant, 
the figure is called a semi- sinic figure. 

(46.) Hence we have another method of describing 
the sinic curve. 

Method Second. 

Let C A', fig. fl, be the abscissa for half the length of 
the cune, and C E the middle ordinatcsperpendicular to 
C A'. Prolong A'C to G, and from the centre C, and 
with the radius CE, describe the quadrnntal arc EG. 

Divide the arc G E into any number of equal parts, and 
divide A'C into an equal number of equal parts. From 
the points 1, 2, 3*&c., in the arc O E, draw the sines of 
the arcs O 1, G2, G3, &c. ; and through the points of 
division in the right line A'C draw right lines perpciuli- 
cular to A'C. Make the perpendiculars upon A'C, as 
they recede from A', equal to the sines of the arc9 in 
the arc G E as they recede from G ; then the curve 
A'M E, drawn through all the unconnected extremities 
of the perpendiculars, will be the sinic curve required. 

Def. if two sinic figures have the 6ame abscissa in 
common and equal ordinates, these two sinic figures are 
called a cylindric right gore, as the fig. F A' E. 

Def. The figure comprised between two sinic curves 
which have a common abscissa, but the ordinates of the 
one less than those of the other, whether the curve be 
upon the same or on contrary sides of the ubscisaa, U 
called an oblique cylindric gore. Such is F N A' M E, 

(fig. 6.) 

Proposition. — Problem . 

(47.) To describe an oblique cylindric gore, the dia- 
meter of the cylinder being given, and the inclination of 
the axis to each of the planes. 

+ Scholium. The figure thus described is culled the tmic figure. 

< For if anysttcceisiou of a rot he taken upon the circumference 
ABC) fntfa the point A as their origin, at A 1, A 2, A 3, &r., the 
rinta of these arcswill be the right Hues drawn from the point* 1, 

2 , 3, See. perpendicularly upon tins radius A D, and wifi be equal to 
Hi# portion# of the right line D 0, intercepted between the ]H>iot I) 
m their orijfrl, oqd the point# i>f section of the perpendicular# drawn 
from 1, % 3, Ae^ opon 0 C/ Thu#, let the portion of the quadrantal 
ate ABC be A 2. Draw 2 p perpendicular to D C, meeting at p. 

Again, let Alton smaller portion of the are, and draw 1 9 perpen* 
dictator to D CL rfeefing it in o. Draw p m and 0 r each likewise per- 
pendicular to*D C, meeting 1>K h» m and r. flow I ) p and B 9 am 
fri tines of the Ore# A I, A2 j hot, by similar triangle#) Dp m and 
D$ r, .we ebaU have thi# analogy, Dp t D a l ; p m S f r ; that iir, 
pm and 0 r am to one another to the tine# of the arcs A 2 and A 1 ; 
therefore a# the abscissa* A 1j A% in the plane figure C A'MK 
are Oqual to the arcs ALA 2; and, as Urn ordinates 1 Q and P M 
frthe plane figured A. MB am enufll'. to frond pm, the ordinates 
IQ and PM are proportional tefrorineadf th# ««n*sp<tadLng area 
A f, A 2 of the right section of fib* cylinder. 
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Lot S T (fig. 7) irejfresent the axis. Make the 
angle* TDE and TDP equal to the inclination of the 
two plafies, and draw DC perpendicular to S T ; in 
DS make DA equal to* the radius of the cylinder, and 
describe the quodratital aro ABC. Proceed with each 
of the plane curves A'ME and ANP, a* in (45.), 
and the figure FNA'M E r wiltbe that required. 

raopoaiTiON.— Problem 8. 

(48.) To describe a cylindrofdat oblique gore for one 
quarter of the cylindroid, the vertex of the curve being 
in the extremity of (he axis major of a right .^fiction of 
the cylindroid, the two axes of the right section being 
given. 

Let S T, fig* 8, be the projection of the axes of the 
‘cylindroid upon the horizontal plane to which the axis 
itself is parallel, and let TDE and TDP be mode 
equal to the angles of inclination of the axis of the 
cylindroid to each of the two planes which comprise 
het&ecu them the portion of the surface of the solid ; 
which, (portion of the surface.) when developed, will 
form the cylindric gore required. 

Draw DC perpendicular to ST. Join DS, make 
DA equal to the seimaxis minor, and make D C equal 
to the semiaxis major of the ellipse of the right section 
of the cylindroid. Having described the elliptic qua- 
drant A B C, proceed in the same manner as in the last 
proposition for tig. 8, and we shall have the spheroidal 
gore required.* 

Proposition. — Problem 9. 

(49.) To describe the gores in order to approximate 
to the covering of a spherical surface. 

Conceive the sphere to be divided into a number of 
equal parts by planes intersecting each other in one 
common diameter of the sphere, then each of these equal 
parts or sectorial solids are contained by three distinct 
surfaces, of which the figures of two are semicircles, 
amt the remaining one is called a spherical lunc . * 

Let a plane bisect the dihedral angle, contained by 
the tvvo semicircular faces of one of the sectors, and its 
intersection with the spheric lunc will be the senriclr- 
curoference of a great circle ; now let a'planc surFace lie 
so bent and applied to the spherical lunc that every 
point in the intermediate scmicirciimfereucc may coin- 
cide with the surface thus applied, and If the surface 
thus applied be cut by the planes of the two semicircular 
faces, the portion thus intercepted of the surface applied 
will be a portion of a cylindric surface, t and will be the 

• Scholium* The envelopes of cylindric ill, prisinatical, conical* 
and pyramid* cal bodies may be correctly (bond in one piano figure ; 
tint the surface of a nondovelopable solid cannot by any means be 
tmfohk-d into * plain? Kurfhc*, nor am the figure be altered without 
urcukiu^ it in all parts. Such a ret lie surfaces of conoids which, ia 
Course, include those of spheres, spheroids, Ac. 

+ Proposition .— Theitrcm T. . . 

(5(1.) All right lines drawn through any given points in the cir- 
cumference of a greet circle of the sphere perpendicular to tne plane 
of that circle, ass Ungents to the spheric surface at tbese points, 
and ore in acy luuiric smfuco of. Which the great circle i» aright 
section. • •' 1 , • 

For, let a diameter of the sphere" be drawn perpendicular to the 
plaue of this cirri*, (which let he called the primary circle^) aud the 
diameter lhe>3cts of the primary circle f .apd let another great cir- 
“• PW* through, any one' of the given points in the circumference, 
and through the poles of the primary circle, and let this circle be 
called a secondary or meridional the Ciraimforqitea of the 

seeondary cicely ^riU to divided tat? four equal parts by ‘the axis, 
aud by the arcinufttedee r at the primary circle. Nop because in 
any jeaictrcfo whatever A nghi une drawn through the point of 

■ * ■' ' '■s 


nearest approximation to the surface of the spherical 
•lunc ; therefore, to construct a surface which shall h e the 
nearest possible, approximation to the entire surface of 
the sphere, we have only to form the figure of the <le- 
' velopemcnt of one. of the cylindric parts, which beimr 
done, wilt serve as a mould in drawing the remaining 
parts, the whole being bent and fixed together so that 
the vertices may meet, and the adjacent edges come in 
close contact ; then a cylindric polyhedron consisting of 
as many obtuse angles as there arc parts will be formed, 
and. this polyhedron, if the number of cylindric parts be 
many, will not differ in any perceptible degree from that 
of the spherical surface. 

Fig. 9 exhibits the great circle of the sphere with the 
divisions, and also the figure of one of the parts in 
tlevelopeinenl ; the letters of reference are the same a* in 
fig. 5, which is only required to be understood in older 
to understand this. 

Proposition. — Problem 10. 

(52.) To find the covering of the surface of a spheroid 
approximately, the fixed and revolving axes being given. 

Because if a spheroid be cut by any plane whatever 
through ihe centre, a cyfindroidui surface may be so 

bisection in the arc parallel to the diameter is a tangent to the curve 
at this point ; therefore a right line drawn parallel to the avis which 
is thv diameter of the secondary circle of the sphere through one of 
the points in which the two great circles intersect, will be a taugetit 
to the circumference of the secondary circle at the same point, and 
since tilts tangent is parallel fo the axis il is perpendicular to tho 
plane of the primary circle. Then, since a right hue which is a 
tangent to a great circle at any point, is olso a tangent to the 
spheric Mirfare at the Kame point, hence a right line drawn through 
any given point in tho circumference of a great circle of a sphere 
perpendicular to the plane of that circle, is a tangent to tho 
spheric surface ; and ah the same may bo proved of every right lino 
drawn in the same manner, hence oil right lines drawn through 
any givep points in tho circumference of a great circle perpendicular 
to the plane of that Circle, being tangents to the spheric surface and 
perpendicular to the plane of a gro.d circle, are iu a cylindric sur- 
face of which tho great circle is a right section. 

Proposition , — Theorem 2. 

(51.) If two or more great circles intersect a minor circle ati«I 
intersect each other in one common diameter of the sphere, und if 
this diameter pass through the centre of the minor circle as its axis, 
all the tangents to the gifcat circle at the points in which their cir- 
cumferences intersect the minor circle are tangents to the spheric 
surface at the same pond, ami are all in the surface of a right conn 
of which the minor circle is the base. x p 

For nil semi-great circles of tho sphere are equal, therefore tho 
semicircles which have the axis of the minor circle for their common 
diameter aro equal ; and because ths plane of the minor circle-wilt 
iutersect tho surface of every semicirclein a right linoperpeuilieularto 
the axis As an ordinate, hence all the ordinates of the semicircles will 
be equal, being drawn from the same point in the common diameter • 
hence all the augk.s formed by the tangent* to the semicircular area 
at the Extremities of tho ordinates arc equal ; and because, the axis 
is at right angles with every ordinate, and that* the angles formed 
by the ordinate* and the tangents are aoute on thtf aide of the minor 
circle U tho nearest pole, and since the tangents and tho axis are in 
the same plane, the tangents will necessarily meet the axis and 
form as many right angled triangles as there are tangents ; hut a s 
any one of these right angled triangles has two angles, and the in- 
terjacent tide, respectively equal to. two angles and the interjacent 
side of any other, all the right angled triangles are equal, therefore 
all the* sides opposite to the equal angles are equal ; hence all the 
liypotaiiqseg Are equal, and the perpendiculars apporife the angles 
contained by the onlinates and the tangents are equ.il ; and sinro 
they coiurido with the Axis lire, and have one common extremity at 
the points in which the ordinates intersect, the other extremities wiil 
also coincide in acommo.i point ; hetic* all the tangents are m the 
surface of a cone, of which the base is the minor circle, and rlie axis 
tho intercepted part of tho axis of tho minor circle awl the conic 
surface, is a tangent to the spheric surface at every point of tlic cir- 
cumfervnca of thi minor circle. * 


Carpentry. 
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Carpentry, formed and applied to the spheroidal surface, that (he 
two surfaces will only come in contact in every point of 
the curve of the section of the spheroid. • 

The entire ellipse, fig. 10, is a section through the 
axis of the spheroid, the curve is divided into equal 
parts and right lines are drawn to the centre ; these right 
lines are the projections of the joints in which the boards 
meet each other. If every two adjacent lines l>e pro- 
longed to meet a tangent to the intermediate curve 
parallel to the chord, (he triangles thus formed will be 
the projections of half the gores. To find the dimen- 
sions of the spheroid for tiny particular gore or part, 
the semi-axis minor of the spheroid will also be the 
semi-axis minor of the cylindroid for every gore what- 
ever'; and for any particular gore, draw a right line from 
the centre perpendicularly upon the tangent, or tangent 
prolonged, and the length of this perpendicular will be 


* (53.) For let the section through the centre be called A, and 
lei a section through the axis, perpendicular to the plane of the sec- 
tion A, he called B, aild let a third section, parallel to the sect urn B, 
be called C. Then the sections B and C will be cut by the section 
A in right lines, which will be parallel to each other, and will be 
diameters to ihe ellipses of the suctious B and C ; therefore since 
all parallel sections of a conoid are similar figures, and have their 
corresponding diameters parallel* the tangents at the extremities of 
these diameters will be parallel to each other. Now every right hue 
which is a tangent to the curve of any section of a solid, in also a 
tangent to the surface of the solid, therefore the two parallel right 
lines which are tangents to the curves of the sections B and V , are 
also tangents to tne surface of the spheroid : but the same two 
points of contact in the curves of the sections B and C\ are also 
points in the curve of the section A ; therefore the two parallel right 
lines, which are tangents to the spheroidal surface, h.m; only their 
points of contact in the curve of the section A. In the same man- 
ner it may be proved that any other right line which passes through 
any other' given point in the curve of the section A, parallel to tan- 
gent to the curve in the section B, is a tangent to the surface of the 
spheroid ; hence if these tangents be ever so numerous, being all 
parallel, they are in the surface of & cylindroid, which will touch the 
spheroidal surface only in every point of the curve of the section A. 

Scho/iwn. Another method of finding the coverings of Solids of 
{revolution, is by supposing in buy such solid that it ia divided iuto 
a great number of parts by plane* perpendicular to thd axis of rota- 
tion, so that the chords of tne curb surface may l>e all equal and very f 
narrow, the spherical surfaces of the frustums will not Jitter sen- 
sibly from lhojKtrface of the frustums of right cones which are de- 
velopable. Now os the covering of every right cone is the sector 
of a circle, of which the radius is equal to an edge of the cone, and 
the length of the arc of the sector equal to the circumference of tho 
base or the conn, and because similar cones have their angles of 
development, that is the angles of their sectorial coverings equal ; 
and since tho frustum of a cone is the portion of a cone that remains 
after cutting off the part next the vertex by a plane parallel to the 
bsse, and as the port thus cut off is a cone similar to the whole 
cone. 

Therefore, if the angle of (tavelopement of a right conic surface 
le found, the truncated sector which will cover any given frustum of 
this cone will be found, by describing, from the vertex of the angle 
of dcvelopement, with radii respectively equal to an edge of tne 
. yrbole cone and equal to an edge of the part cut off two aces, then 
-the fburvfided figure contained by the two arcs* and the portions of 
the right. tine forming the angle of devetapement intercepted by the 
arcs, is the covering required. 

But* since the edges of a right cone ate equal, any e dge of such 
./done is equal to the hypotenuse of a right angled triangle, of which 
MM of tfie legs is equal to the aJcis of the cone and the other equal 
to the rndTma of the circular base j therefore, in order to find the . 
vadiui^of the sectional covering from the givemcene, we have only 
tocodhiisict such a triangle, e t two such triangle* being joined so 
that they spa/ have a common leg equal to the length of the axis, 
•will form, ia isosceles triangle, or which the hypotenuse will lie the 
equal sides, iftjAthe two remaining Jcgn will be equal to the di* 
meter of the circular base. • 

Theisoecvle# triangle thus constructed will be equal to a section 
of theeene through Its axis. We shall now apply the principles of 
describing But covering of cones, or of their frustum, to the cover* 
iogs oftpamical surfaces. 


the somi-ftRi* major. Thus let the projection of one of Carpentry, 
the gores be 1) E F. Prolong E F to C, and draw Dt! , , 

peq*»n<liculnr to ISC, auri DC is the semi-axis major. ✓ 

The method of forming the gore is given (48.) and 
applies here also, the letters of reference being the same 
in both ; the gore being found is here exhibited by ihe 
figure E F N A' M E, as iu tig. 8. 

Another Method . 1 

(54.) Let the circle ABCH (fig. 11) be a great 
circle of the sphere, and let C O be a radius of the same. 

Draw th<v diameter II II at right angles to A O, and 
divide the arc C H into a number of equal pans, C d f 
de , tf, fg y &c., so that the chords may be very small. 

Draw the right lines dd\ et\ ff, Ac , parallel to 
the diameter II B to meet the opposite part of the cir- ’ 
cumference, and .because A 11 C II is a great circle of the 
sphere, its plane will pass through the centre. Let the 
sphere be cut by planes through the points d x e t /, g, &c., 
perpendicular to the radius C O, and the curved surfaces 
of the parts will very nearly be the frustums of conic 
surfaces, and tho sections of these solids through the axis 
are the surfaces comprised by tho piyollel right line 
d <lf t e e\ //\ &c. Therefore, if O C be the axis, join 
d C, then d C is the radius of the sector which will cover 
the surface of the sphere, of which the triangle edd 1 is 
the projection, or which will cover the surface of the 
part of the solid of winch c d d' is a section through the 
axis. 

Prolong O C to any convenient length, and join d c , 
efifgs &c. ; also prolong e c, fr, g h t &£., to meet the 
prolongation of the axis DC in the points klin, Ac. ; 
the right lines ck t dk are equal to the distance of the 
vertex of the cone to the circumference of each end ot 
ihiv conic frustum, and of which a section through the 
axis is dd'e* <\ therefore, from the point A\ with the 
Tadii fed, k e, describe the arcs-dq, er; then the figure 
edqr is a part of the covering of the surface of the 
conie frustum of which the section is dedd\ In like 
manner the coverings of the remaining frustums may be 
found.* 

Application of Cylindric and Conic Surfaces to the 
Soffits of Doors and Windows, 

Dif A soffit is the lower surface, or intrados, of the 
part of u waif suspended over the aperture of a door or 
window between the jambs. 

We shall treat only of such soffits as are the under 
surfaces of arches, and those only which are develop- 
able, and therefore easily described in piano. 

Proposition.-— Problem 1. 

■ (55.) To fiu4 the developement irt the construction 
of a cylindric soffit, perforating a straight wall, so that 

* These web of ccvwring a spheric surface way he distin- 
guished by the names of tile cylindrical and conical principle*, us in 
the former case we approximate to the- spherical surface by mean* 
of cylindrical surfaces, and. in the, latter we approximate to the 
spherical surface by mesas Of conk surfaces; the conic method is 
the most easy in its general application, the principle is the same 
whether the solid. he a sphere me a spheroid Of conoid, so that the 
.solid may be divided by plane* perpendicular to the exit of rotation. 

'The home method, however, require* more materials to cover the 
solid than the cylindric method; and in. the most ustiul solid, 
which in the sphere, its application is abundantly easy ; since when 
one figure » formed the remaining one* . may easily be descnlud 
without constructive fineo, only emptying foot which was found by 
« construction as a mould* v . - . 
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Carpentry. the axis of the cylinder may be poralM to the horizon, 
And in any given position in respect of the plane of the 
surface of the wall, the radius of the cylinder and the 
thickness of the wall being given. 

" Let the parallel right lines B C, A D (fig. 12) be the 
intersections of the faces of the wall, with a plane paral- 
lel to the horizon. Draw the right line B A so that the 
angle C B A may be equal to the angle which the axis 
of the cylinder makes with the plane of the wall, and 
prolong A B to any convenient point E. Draw E Q 
perpendicular to A E, and make JE G equal to the diar 
meter of the cylinder. Draw GD parallel to EA, 
meeting B C in C, and upon E G as a diameter describe 
the semicircle E H G. Prolong C E to I, and make 
E I equal to the devdopement of the semicircular arc 
• E II G. Divide the semicircular arc E H G and its 
developement E I each into the same number of equal 
parts, and draw right lines through (he points of divi- 
sion in the semicircular arc to meet the base E G. From 
the points of section in E G draw right lines parallel to 
G D or E A, to intersect BC and to meet the right line 
A D, and from the; points of division in E I draw right 
fines also parallel to E A, and consequently perpendi- 
cular to E f. Find points in the parallels drawn from 
' the points fn El by transferring the parallels comprised 
between the right lines E C and E G t so that the dig*- 
lances as they recede from A E on each side of it may 
be respectively equal, ami through the points of division 
marked upon the parallels draw the curve K L B. 
In the same manner find the curve MNA unci i«»in 
KM, then KLBANM is the developement ot the 
c)lindric iutrados or soffit required.* 

* In order to prove tho truth of thin, it is ouly necessary to show 
that tho developement will, when properly Wot, coincide with the 
cyliudric surface, aud its edge* with the two plain** which are per- 
pendicular to tho plane of the axis of time} Under, and which are 
the faces of the walls. 

The following are the propositions in which the demonstration 
depends, 112. 

Every right line which is parallel to the plane of projection, is 
projected into a right line equal to its own length. 

Every right line and its projection are in a plane perpendicular to 
the plane of projection. 

Every point which has a projection is In a right lino perpendi- 
cular to the plane of projection drawn from the projection of tho 
point. 

Now, since the plane of projection contains the aria of the 
cylinder, and all the right lines on the curved surface of the 
cylinder are parallel to the axis, therefore all right hues upon the 
surface of a cylinder on projected upon a plane which contains the 
axis, into right lines of equal length and also parallel to the axis. 

Let the plane of the semicircle KHGbo raised upon the right 
line K G perpendicular to tho axis, and suppose the semicy finder to 
be placed upon the section so that the s&is may bo upon F B, aud 
the centre of the semicircular base upon the point V; then the 
semicircumferenee K H G will coincide with the eemicircumfewftce 
of the end or base of the cylinder. 

Then, because if in the plane of dcvuloponient two right lilies 
form a right angle, and if one of them be applied so as to coincide 
with any edge of a cylinder, and if live plane of developement con- 
taining them he bent upon tin? c) limine surface so that all the points 
of the two surfaces shill coincide, then the other right line' Will faU 
upAn the circumference of a circle which will be a right section of 
the cylinder* 

Moreorar, if two right fines in a. plane ate parallel, and if one 
of these right fines be applied to any' edge of a cylinder, and the 
plane so beat upon the cyliudric surface that all thd points of the 
two snrfacM may coincide,' (hen the other right fine trill coincide 
with another edge of the cylinder. 

Therefore* in the developement, since the right ‘Use K I h the 
length of the mmk&mdm me* end -both the right tine £ I and the 
se m icirc ular use divided into the same number of nodal parts, and 
emce the right lial&lii ptrpeadicularto the edge Sit of the 
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Drf. A surface is said to be perpendicular to a plane Carpentry, 
vvheu a right line, drawn from any point in the inter- “ 
section or trace of the. surface perpendicular to the plane, 
coincides in all parts with the surface.* 

Proposition.— Problem 2 . 

(56.) The plane* of a circular wall being given, the 
radius of a cylindrical soffit, and the direction of the axis 
of the cylinder in a horizontal plane, to describe the 
developement of -the soffit. 

Let AEC and BF j) (fig. 13) be the plans of the 
faces of the walls,atqjl tet them be parallel area of circles ; 
then the two faces of the walls will be concentric, cylin- 
dric surfaces having their axis perpendicular to the plane 
of the horizon, that of the aperture being parallel to the 
horizon. Let G F be the direction of the cyliudric 
surface of the aperture passing through the axis of the 
faces of the cylindric wall. * Draw A 15 and C D each 
parallel to G F, and at a distance from G F equal to the 
radius of the cyliudric soffit, and draw the chord C A of 
the arc of the concave side of the plan of (he wall. Then 
ABFDC may be supposed to be a horizontal section 
of the cyliudric part of the intrados of the arch through 
the axis upon which the soffit is to be formed. Upon 
AC as a diameter describe the scmtciicle A II C, and 
prolong C A to I. Make A 1 equal to the developement 
of the semicircular arc A II C, and divide the arc A II C 
and the right line A I, each into the same number of 
equal parts. 

Through the points of division in the arc A II C draw 
right lines perpendicular to A C to meet it in ns many 
points as the perpendiculars are in number; and from 
all the poiuts of section in AC draw right lines parallel 
to A B, intersecting the curve AEC, and meeting the 
curve B F D each in as many points as the number of 
lines which are parallel to A B, drawn from the points of 
section in AC. Through the points of division in A I 
draw right lines parallel to A B, and upon each of these 
right fines receding from A set off the respective 

cylinder, therefore if the dtvelopement A E I M N A be bent upon 
the cylmdric surface, and if all (lie points in both surfaces be m 
contact, the right line E 1 will fall upon the arc of the semicircular 
base, and the points or division upon the corresponding points of 
the semicircular arc, and ail the right lines which wens iu the do* 
velopement trill bo parallel right lines upon the cylindric surface, 

Aud wiU therefore be parallel to the axis ; end as these right lines 
pass through jndnts in the circumference of the hose, and as those 
points in toe circumference of the base are the tipper extremities of 
right lines perpendicular to the plane of projection, .and the other 
right lints drawn in the plane of projection from the foot of the per* 
pendiculAr are parallel to the axis ; hence the right lines upon the 
cyliudric surface drawn from the upper extremities of the perpendi- 
Urs, and the hues drawn from the feet of the perpendiculars in the 
plane of projection, are in planes perpendicular to the plane of pro- 
jection, viz. every two which are drfcwn from the some perpendiculars 
ere in a plane perpendicular to the plane of projection and parallel 
to the axis of the cylinder ; hence the right lines which are drawn 
in the plane of projection parallel to the edges of the cylinder, are 
the projections of the tight Imre, whish tbrm the edges of the 
cylinder, and, since oil tue points of these edges are equal to the 
corresponding parts of their projection*, all the points in the plane . 
of projection must be the projections of the points upon the cylind ric 
•urfoce ; and as the Curves pass through these points in the cylindric 
surface had the right lines which form the faces of the wall pass 
through, the points in the plane of projection ; therefore, the whole 
developement will coincide with those fines on the cj limbic surface 
of which the protections lire given. 

* ScJkMum, The following theorems are indispensable, and are 
ebfcost se&BVutent of Uemseivc*; hut, as the last two require many 
Words io connect the chfin of wsisoning, we shall be under the 
necessity of omitting the demonstration, and so remain satisfied with 
the enunciations of the propositions. - 
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(ariKutry. distances comprised between the chord AC and the 
curve AGC. Through the extremities of the distances 
draw the curve I K A, and, in the same manner, draw 
the cum hMB, and join 1 1 ; then the figure AMD 
LIKA is, the develdpcment of the soffit required/ 

Proposition. — Problem 3. 

( 59.) T<> draw a tangent to cither of the curves in 
the developemeht of a cylindrical soffit in a straight wall, 

. the a\ls of the cylinder being parallel to the horizon, but 
obliqu6 to the face of the wall. • 

Let it be required to draw a faagent at the point L ' 
(fig. 12) in the curve KLB. Draw Ls parallel to 
A E, meeting E I in *, and make the arc E r equal to 
the right line E s. Draw rv, a tangent to the semicir- 
cular arc E II G, at the point r ; and from any conve- 
nient point, v inrp, draw the .right line vt perpendi- 
cular to A E, mcctiug I E in /. Draw t u parallel to 
B C, unci r z perpendicular to E G, meeting EGins; 
also draw zu parallel to E A. Construct, in any con- 
venient situation, the right angled triangle ary «?, so that 
the base x w may be parallel to E I and equal to rr, 
and that the perpendicular x y maybe equal to zu. 
Through the point L draw J Q parallel to yw, and J Q 
h the tangent required. 

Proposition. — Problem 4. 

(60.) To draw a tangent to either of the curves in the 
developement of a cylindric soffit in a cylindric wall, 
the axis of the cylindric surfaces being in the same 
plane, one parallel and the other perpendicular to the 
horizon. 

This process is in every respect the same as the pre- 
ceding, except that a tangent must, he drawn (o a cor- 
responding point in the curve of thfc plane of the wall ; 
and theu the tangent to be used in the same manner as 
was done in respect of the right line B C. (Fig- 12.) 

Let it be required to draw a tangent through the point 
K. (fig. 13) to the curve I K A, which is the develope* 
ment of the cylindric soffit, and the concave face of the 
wall. Having drawn rz perpendicular to AC, draw 
2 E parallel to A B, meeting the concave side of the 
plan of the wall in E ; and through the point E draw 
PQ, a tangent to the circular arc A,E C, which is the 
plan of the wall. Then, having constructed all the 
parts, and the triangle xyw t as in the preceding pro- 

Pbopositiosi .— Theorem 1. 

* (57.) If a piano A, and any surface B, be each perpendicular 
to a plane C, the common intersection of the plane A and the sur- 
face B will be a right line perpendicular to the plane C. - 

Proposition.— Theorem 2. 

If any right line he drawn parallel to the edge of a plane, which 
is also a right line, and if the plane be so bent that, wlien applied to ■; 
a cylindric surface, the rectilinear edge of the plane may coincide 
with an edge of the cylindric surface, and the tent surface in all 
points with that of the cylinder, the other line upon the bent surface 
will fall also upon an edge of the cylinder, or coincide in all points 
©fit. 

‘ Proposition^— Theorem 3* 

(58.) If In any plane* A, passing along the axis of a cylinder* 
without the solid, a point M be so situated that the shortest dis- 
tance to the nearest edge C of the cylinder may be less than the 
circumference, and if a right line D be drawn in this plane through 
■ tbs point B perpendicular to the axis $. and if the plane be so bent 
into a ciiWCa surface E, aud applied upon the cylindric surface, that 
alf thfe points of the two purfkces may coincide, the position of the 
pmsifc B m the Iwnt? surface K Will be in another plane F, passing 
along the fight Hue D perpendicular to the first plane A.’ ‘ * 

j Qtoerwtion. As the first of these curves in Prob. I. fig. 12, "of 
this section is the developement of the intersections of the surfaces 
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PRACTICAL CARPENTRY. 

SECTION I. 

The practical operations in Carpentry consist in the 
methods of preparing timbers and in joining them to- 
gether, so as to effect the -end nr purpose desired. 

Timber bars may be extended to any length in a right Junction if 
line, by joiuing one timber to the end of another as bmben. 
often as may be necessary to make the required length, t 
by cutting the corresponding ends which join, in such a • 
manner that every point of the part cut a<vay in the one . — 

will coincide with a* corresponding point in the other ; in 
whichever of the two the point is taken. The parts 
cut away at the two ends of two pieces of timber 
which join are generally plane surfaces, and the joint 
ought to be such, that when the two timbers are joined 
and kept together, two forces applied iu a direction of 
the length of the two pieces thus united, may not be 
able to pull them asunder without breaking at the joint. 

Timbers joined in the manner now described are said 

to be scarfed. This will be evident by inspecting figures Scarfing, 

13 and 14, which are the simplest forms of scarfing. 

Fig. 13 exhihits.u plane scarfing, and fig. 14 a 
scarfing put together with two wedges in such a manner 
as to draw the joint close together The timbers of 
fig. 14, if held together sideways, without any pressure 
but that which is just sufficient to keep their surfaces 
straight, could uo{ be drawn from each other, when 
keyed or wedged, without splitting off some part or 
other at the joint. 

Timbers may also be j oined either at oblique or at right 
angles. The timber bar;s which form the enclosure 
of every frame used in building may be rectangular, 
excepting those which are employed in the different 
faces of a roof in order to support the covering. There 
is no reason, however, why the interior timbers of every 
frame comprised between the sides , of the enclosure 
should not be rectangular. The advantage of rectan- 
gular bars will appear manifest front the following con- 
sideration : if two rectangular bars have each two faces 
perpendicular to a plane, and if the two faces of the one 
which are perpendicular to the plane intersect the two 
faces of the other which are perpendicular to the same 
plane, two intersections of these faces will be perpen- 
dicular to that pkuic.J . 

Whenever two pieces of timber are joined to form an 
angle; we shall always suppose that they art rectangular 
bars, of which two faces are parallel to a plane, ami 

, - J _ !•*» 

or a ry Under and that of p plane, the method of drawing the tan • 
gents to tV: intermediate points of the curve* in fig. 5, 6, and 7, 
being of the same aperies, will be the same as here shown. It will 
only be necevsnry to give an example, of the method of drawing a 
tangent to the extremity Of the rurve„fig. 5. In A' C make A d 
equal to D C, and draw <1 1 perpendicular to AC. Make de equal 
to C E, and join A t . . Then A ft. is the tangent required.^ This de- 
scription will also apply to fig. 0 and 7* 

l The trusses of a roof are the only frames in a building 'com 
prised between parallel plahes which have not to support a covering, 
theif hfftce being to support the weight of the roof which presses 
upon their sloping edges, .All timbers in the trass of a loof ought 
to have each two faces t&rattel to a, given plane, and the oilier two 
ftas perpendicular to that plane, in order that when they join, the 
intersections of the focef which are perpendicular to the plane may 
be in right lines perpendicular to the other two faces. 
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Carpentry, consequently the other two laces perpendicular to that 
plane, unless the contrary is expressed ; and thus, when 
one piece of timber is perpendicular to another, if the 
end of the one piece fit close upon the side of the other, 
that end must be in a plane perpendicular to any one of 
the four arrises of that piece. 

Every timber in a building which terminates with a 
dose joint upon the»face of another, will have its end 
in the figure of a rectangle, of which two sides will be 
perpendicular to the plane of the angle formed by these 
two timbers, except in the faces of hip or iu hip and 
valley roofs, where the ends of the jack rafters apd the 
ends of the purlins meet the hips. 

When the ends of a piece of timber join one of the 
faces of another piece of timber, and form such a joint 
that all the faces of the piece of which the ends. fit upon 
the other intersect, and form a close joint, these two 
timbers may be firmly secured to each other by means 
of nails or bolts, provided that the angle which they form 
Shoulder very oblique. This form of joint is called a shoulder 
joint. joint* and the end of the piece which fits upon the face 
of the other is called the shoulder : hut if the directions 
of the pieces form a right angle, or approach nearly to 
a right angle, st**h a method of fixing them cannot be 
secure, at least where one of them acts as a lever upon 
the other. 

Another method of fixing two timber bars at a given 
angle, is to cut the ends of each of the pieces, so that 
they limy meet each other in a plane perpendicular to 
the plane of the angle which the two pieces make with 
each other, and which will either bisect that angle or 
pass through the intersections of the outer and inner 
faces of these timbers. This form of joint is called a 
M. tie joint, mitre joint, and the two pieces are said to he mitred . 

Hire the lengths of the mitring surfaces in both pieces 
are equal. The pieces which are mitred together may 
be rendered much more secure by means of nails or bolts, 
than when they are simply shoulder jointed, particularly 
when one of the pieces is required to act as a leverupon 
the other. 

One piece of timber may be joined to another by in- 
serting a part of the one into an excavation of the 
other, or reciprocally by excavating both, and inserting a 
portion of the solid of the one into the hollow of the 
other. The surfaces which are thus concealed by being 
Close joint, brought into contact arc called a close joint. A close 
joint may be made in an infinite variety of ways; by 
making the hollow of the one in* such a manner, that 
when the two pieces are joined aft the points of the 
surface which were excavated in either piece may 
come in contact with some point or' other of the sur- 
face of the other solid. This is an universal method 
of joining timbers, but the inodes by which it may 
be done are ofJnfinitc variety. Generally, whatever 
may be the office of a piepe of tim!)er which is to he 
fixed to another, the excavation which is cut in the 1 
one piece in order to receive a part of the solid of the 
other, ought to be such that the surfaces may be in 
planes either perpendicular or parallel to the face of the 
tidiber from which the excavation may be made. The 
particular manner of forming the joint will dllpend upon 
the two following cases ; viz, 1. when one of the pieces 
is fixed and the other in a state of tension ; and 2. 
when one is fixed and the other in a state of compression. 
As every timber bar has a considerable weight, it cannot 
be kept stationary without being supported at least tinder 
one point; but the most secure supports will be under 
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H» extremities. For whatever be the kind of pressure to Carpentry, 
which a bar of timber may be subjected, it has nho to v — ' 

support its own weight ; and thus the formation of the 
joint of two timber bars to be fixed to each other at a 
given angle will depend upon the joint consideration of 
the species of strain and the weight of the timber. 

In forming the joint of two timbers making a given 
angle with each other, we shall always suppose" that one 
of the pieces is fixed or immovable by some means or 
other, and the species of strain to which the other may 
be subjected given, and that the fixed piece has to sup- 
port the other. 

The case of tension requires the joint to be made in 
such a manner, that it would be impossible to pull the 
piece of which the strain is given out of the fixed piece 
without leaving apart of the end of the one or the other 
or of both timbers. The operation of forming such a 
joint has been called cocking, and the piece of timber in Cocking, 
the state of tension is said to be cocked upon the other,* 

When two pieces of timber are. of the same thickness, 
and are required to be joined to each other in Hie form 
of across, the two parts may be so cut, that when put 
together they may be comprised between two parallel 
planes at a distance from edch other equal to the thick- 
ness of one of the pieces only. This method Is called 
notching, and when each of the pieces is reduced to Notching, 
half its thickness, by taking awuy a Rectangular solid 
equal to half their thickness, the method of notching 
Ls called holcing . Holving. 

When two timber bars are intended to be joined to- 
gether in order to form a cross, where one of the pieces is 
to be let down, upon the other, two notches are generally- 
cut from the upper face of the lower bar, by taking 
away two rectangular solids, and leaving a solid part 
between the two notches, and one notch is cut from the 
lower face of the upper bar to fit the piece which re- 
mains whole between the two notches in the lower 
timber bar, so that when the two timbers come to be 
joined, two ends of the two notches of the lower piece, 
and one of the perpendicular faces of the upper piece, 
may be in the same plane, and the remaining ends of 

* The sprite of compression requires only that the end of the 
timber may be siipjxnlt'd from falling, and thut it inuy coincide in 
all parts with ihe face of tlie fixed timbei ; therefore any joint that 
will answer this purpose will be sufficient. 

Another consideration in the jotuing of two tinibtrs A and B 
together is, 1. when the length of the timber A extctulK from one 
of the perpendicular faces of the timber H to any required distance 
before the opposite face of 1), and reciprocally when the length of the 
timber B extends from one of the perpendicular faces of the timl>er 
A to any required distance before the opposite face and thus making' 
two tuiYw which form only one angle. 

2. When the length of the timber bar A extends from one of the 
perpendicular fares to any required distance before the opposite per* 
pondicular face of U, axul when the length of the timifer bar B 
extends on both sides of the timber bdr A, without dividing it into 
two part^ and thus making three brandies which farm two adjacent 
angles. 

3, When the length of the timber bar A extends on both 
sides of tlie timber bar B. and the length of the timber B on both 
•ides of A, without dividing either of the timbers A or B into 
separate parts, and thus making four arms or branches, of which 
every two will make the opposite angles equal. 

The first of these modes is the weakest, the second is stronger 
than the first, and the third is stronger than the second, and con- 
sequently the strongest of the three. In the first, ouo js said to 
farm an angle With tlie other, nn:l is called the method of joining at 
an eagle j in the second, one timber is said to stand -upon the othcii 
and «t called the method of joining at two adjacent angles ; and in 
• the third, either timber extembi on both sides of the other, a»u i> 
called the method of the cross. 

2v 
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Carpentry. these two notches in the lower bar in the same plane as 
the remaining opposite perpendicular face of the upper 
bar, and that, the depths of the notches in both pieces 
may be equal to the distance intended to be let down. 

In plate in. fig. 15, the figure tfgh s No. 1, is a 
right section of the lower timber ; ABCD one of the 
vertical faces of the upper timber. These exhibit the man* 
Tier in which the solid part between the two notches of 
the lower timber fills the notch in the lower side of the 
upper timber. In No. 2, 8 T U V exhibits a part of 
the upper face of the lower bar, with the outlines 
i j k l, mno p of the notches, w xrq show the situa- 
tion into which the upper timber comes.* 

Though fig. 15 and 16 are essentially the same in 
principle, fig. 15 is adapted to the cockings of roofs 
and floors upon wall plates. Here, as each extremity 
of a beam must be within the thickness of one of 
two opposite walls, and the two opposite wall plates 
are each in the plane of the two fnterior faces of the 
two walls, the length of the beam cannot therefore ex- 
tend over the outside vertical surfaces of each wall 
plate in any considerable degree, perhaps not more than 
the breadth of the wall plate itself, if rightly propor- 
tioned to the thickness of the wall. In this case the 
weight of the beams alone, independently of the weight of 
the incumbent parts of the wall, gives sufficient pressure 
to keep them in their cockings when they are either 
pulled or compressed. This is the reason for diminish' 
ing die breadth of the solid break k Ip o, between the 
two notches in No. 2, ftg. 15, and keeping nearer the 
face in the interior surface of the wail than to the other 
vertical face inserted in its thick ness. f 

* It is now evident that if the lower bar 8TU V were im- 
movably fixed, an<l the upper timber bar te x r q were kept down 
upon the lower timber bar ST l T V by any sufficient pressure, that 
it would be impossible to draw the upper bar from the lower one, 
by any force polling in a direction of its fibre* ; but when one of 
the arm* of the upper timber* extend* only a very short distance 
from the adjacent vertical face, as in fig. 15, the part * a i k l of the 
short arm underneath, between the notch and the extremity, would 
be liable to split off : for this reason, the solid part i hop is not 
only made narrower, but brought nearer to the face adjacent to the 
long arm, than if both had been lung arms, as in fig. 16. 

f It cannot be property naif], that when timbers are perfectly 
straight, any timber bar is eitlwir drawn from ur compressed to- 
wards the wall plate, because the emU of the bar only lie upon the 
wall plates, ami therefore their weight only presses perpendicularly 
Upon them. However, as all timber is liable to bond, and if it bend 
by not being sufficiently strong, the under edges ef the beams will 
descend' from each extremity to the middle in a curve, and will 
therefore form a wedge, which will endeavour to separate the two 
opposite walls to a more remote distance, in this respect these 
beams wiH'be actually drawn in a direction of their tangents to the 
extremities of the curves upon the under edges of the bentos ; and 
not only from this circumvtance alone, but even by the walls thera- 
flelve* having a tendency to separata, front 1 icing unequally sup- 
ported at the foundation, or Grom bad building, by which the walls 
may contract more upon one side than upon tlio other. To verify these 
observations, many floors have fallen down, and this could not have 
happened unless by the spreading of the walls. There is not so 
much danger to be apprehended from the tie heam* of a welt-con- 
structed rout* having any tendency of being drawn from the wait 
■dates, as from tlio binding joists of a floor ; for the tie beams may 
be kept* In a right line by being supported in a sufficient number of 
yorints, eo as to divide the length into equal intervals of short tour- 
ings : moreover, the weight ;of the roof is discharged upon the 
tie beam* tit tiro different directions from each end, so that in each 
md one direction is perpendicular to the horizon, and the other » 

’ parallel to' it* The tension of the tie beams is sufficient to resist 
dfe force of extension without making any sensible alteration in 
ifctfC htogth ; therefore the only ri&ct-whjsh the roof can have, is . 
A pe^ftweular pressure upon each wall equal to half its weight 
The mm vfthtld be very different if the and* of the principal rafters 
were supported by the wall plates, instead of being supported by 


Though, as has already been observed, fig. 15 and Carpentry. 
16, plate Hi.,* are the same in principle, yet with respect 
to thrir use, they are adapted to very different purposes. It 
has been shown that fig. 15 is adapted to the juncture 
of the tie beams of a roof to the wall plates, and it will now 
be shown that fig. 16 exhibits the best proportion between 
the tongue part of the joint, and the notches where the 
two pieces of timber are joined in the form of a cross in 
which the upper timber extends before the lower vertical 
faces to a considerable distance. In this case, as each 
arm of the upper timber extends before each adjacent 
face of the lower timber, there can be no danger of split- 
ting away the part between the notch and the extremity ; 
hence the breadth of the tongue klpo between the two 
notches of the lower piece may be made in the middle of 
the breadth of the upper face of the lower timber, and, 
of much greater breadth than that in fig. 15, so that each 
of the two notches in the upper face. No. *2, fig. 16, 
will bo much narrower than the width of the notch 
ij k( t fig. 15; by this means the strength of the piece 
STU V, fig. 16, will not be sensibly diminished by the 
two notches.* 

Indeed, if the bridging joists were merely laid upon 
the binding joists without any notching whatever, the 
floor would be equally strong as it they had been 
notched. The only use, therefore, of notching and 
tonguing is to give the bridging joists a more steady 
bed upon tiie binding joists ; and this would often be 
required when the binding joists are bent in the season- 
ing of the timber, or by taking a curved direction after 
the operation of sawing. 

The proportion between the breadth of the tongue 
and that of the notches, and the situation of the tongue 
in regard of the horizontal breadth of the titnber, from 
which it is cut, is not only applied to the joinings between 
the bridging and binding joists in floors, but also to the 
joinings between the common rollers and purlins, and 
between the purlins and principals in roofing. 

Fig. 17 ’ exhibits another distinct method of cocking 
wall plates upon tie beams by dovetail joints. But by 
this method of forming the joint between two timbers, 
when the upper timber shrinks the dovetail tongue at 
the end will also shrink;, and thus the joint will open. 

And hence in the case of an extending force, the upper 
piece will be liable to be drawn away from the lower 
piece ; but this cannot be the case when the tongue of the 
lower piece runs across the breadth cf the upper piece,. 

file ends of the (to beams ; for if the principals were supported by 
the wall plate*, thu wall plates would have a tendency to separate 
frem C‘irJi otlur. aud nothing could prevent (his separation except 
the cockings at the ends of the tie beams. 

* This proportion and dilution of the longue, in respect of the 
breadth of the tipper horizontal face, in which it ia situated, as shown 
in fig. 16, is proper for one of the' joints between a bridging and 
binding joist, as the area of the right section of the binding joist is 
not diminished in any considerable degree. This case, os (he bind- 
ing joist is drily supported by opposite wall*, or between a girder 
ana the v.;ili, or between two girders, require* the binding to 
be of the fc-reateut possible strength, and differs materially irom the 
Other case, in which the wall plate >« in the same situation in 
respect .of the binding joists os the binding. Joist js with respect to 
the bridging jjpist ; aud its the mods which fig. 15 exhibits, thu wall 


neAttt, which is levelled for the purpose of receiving the lower hori- 
zontal face of the wall plate ; hut as to th* binding joist it is quite 
unsupported except at its extremities, and therefore the Tens tho 
substance is diminished in any part rite resistance which it makes 
will be greater. If the binding joista are sufficiently strong, any 
moderate pressure laid npon its middle will not have any sensible 
eflect . in draw tog the bridging joist*; between which it is sus- 
pended. 
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Carpentry, and its being made so very narrow leaves but a 
small breadth for shrinkage.* 

A mortise is a recess in the figure of a prism from any 


Mortise. 


S BOTTOM II. 

A frame consisting of Umber bars so con structed that 
cry bar may be divided lomriiudinallv h„ .. “ 


Carpentry. 


Tenon. 


face of a piece of timber to any depth, or even entirely tongitoidinally by 

through the timber, and a tenon is a part left on the ebd !• tW ° f ftrt8 ‘ aud that lIj e secti 


a plane 
section of the 
m 


<j«me made by this plane may also consist of two sv... 
metneal parts on each side of a right line.perpeudicnlar to 
the section of one of the outer edges called the base ; more- 
over, that if two extremities of the base be supported 
and if forces be applied so as to net at certain other points 
upon the surrounding edges of the frame in the bisect- 


of a piece of timber, proceeding forward generally from 
a plane surface in the form of a prism, so that one 
of the parallel ends may be in the plane from which 
the tenon proceeds, and the othe* end the extremity of 
the tenon, and that the remaining fa «*9 of the tenon 
may be parallel to the* faces of the timber from which the 

shoulder of tenon is madi. The apparent part which forms a border, mff , VuTlu in PS hi ' U ™» Perpendicular to the base, 

a tenon. roun( i thc tenon is called the shoulder of that tenon. ft hiil >. m ' mbeT thesft P«i»ts on the one side of 

One piece of timber may be joined to another by _f P pr P e o ( l»cular may be equal to the number of points 
means of a mortise and tenon adapted to each other bo f» e> and c ^ry pair of such points 

as to have a close joint; hence the shoulder of the r '£ hUlnes Pf“lJ el to the base, and equally dis- 

Tenon will coincide with the face of the other timber \ the per P e ? dlcu,ar .» and that the forcts 

from which the mortise is recessed, and because the c ^ l *^ s P 0, 3 d,ll £ P omts mu y ^ ^qual, and that 

timbers are generally rectangular bars, and when one If* , ds lhe8C forces T* not ,lavtJ “Y tendency to 
bar is joined to another, thc tenon if cut through in the ^transverse strain on any part of the frame; Truss. 

same plane with the shoulder will be a rectangular pa- ** , n€ L ,s c . a od a 

rallelopiped. The manner of joining rectangular bars by h two points, one at each extremity of the Pornts of 
means of a mortise and tenon is of excellent use where it . e * arc . Ied the points of suspension , and the re- suspension, 
is required to confine a piece of timber between two 7 ,am,,lff P oll )Jfi on which the forces act so as to keep the T 
others which are firmly supported, and the piece be- ra £?. c 111 ^^dinum, are called truss points. rtoint* 

tween only to be supported by those timbers, considering 


it either in a state of compression, or by being strained 
transversely by a force. t „ 


• The method of rectangular notch?*, and a rectangular tongue, 
of which the apparent sides are parallel to the aides of the timber, 
ife of very late introduction, perhaps not more than sixty years. 
Thc principle of notching with square abutting joints, has always 
been much adhered to by the heat Carpenters since its first intro- 
duction : but its advantages over the dovetail joint in not admitting 
the upper piece to be drawn out of the lower piece when the timber 
is shrunk, was, wo believe, first noticed by Mr. Peter Nicholson. 

f Thu method of joining two timbers by means of mortice and 
tenon is that which is applied to the trusses of roofs at the joggles, 
nnd in Biting (lie upper ends of the struts info thc inner or under 
edges of the principal rafters. This mode is also frequently applied 
to truss partitions, similarly to its application in the tinssch of 
roofs ; moreover, the joining of timber bars by means of mortise and 
tenon is also applied in naked flooring in connecting the trimmers 
to thc trimming joists, as also, with a slight mollification, to connect- 
ing the binding joists with the girders. The only'diftercnce in this 
application from common mortise and tenon being in the shoulder 
of the tenon, in which the upper part is made to slope towards thc 
tenon in such a manner, that the upper surface of the tenon and thc 
part of the shoulder above it tnuv form an internal obtuse angle, equal 
to the external angle’ made by the same part of tbo shoulder of the te- 
non and the upper horizontal surface of thebinding joint- This sloping 
part of the shoulder of the tenon upon the end of the binding joist 
is called tusk, which is let into the girder with a view of giving a 
stronger support to the tenon, which is generally made thin in order 
to preserve tile substance of the girder as much os possible. 

The method of connecting the ceiling joists with the binding joists 
is a species of mortise and tenon. In the ceiling joists thc shoulder 
of tho tenon is generally made adjacent to the under horizontal sur- 
face of tlie ceiling joist, only so that the upper horizontal surface of 
the ceiling joist and that of the tenon may be in one plane. Tho 
tenon formed in this manner ts called a ktrafaccU tenon, Hut ns 
tho ceiling joists arc generally put in after the building has been 
roofed, and as in this case tho binding joists are always fixed, their 
ends being inserted in thc opposite waifs, or between two girders, or 
between a girder and the wall, the mortises must be prepared in 
such a manner as will admit of the ceiling joists being brought ]to 
their places, as if they had been previously formed, into tho placing 
of the binding joists on the building, ¥ 

To fix the ceiling joists under those circumstances ; tho mortises 
must lie prepared in such a manner that if we call a close mortise at 
one end m, aqd at tho other end M, anti one of the two next adjacent 
mortises from tho same face N ; when the tenon is fitted into the 
mortise tn, tho .fiber tenon when revolved’ round m, as a centr?, may 
' find no obstruction in bringing if to its place M, whom it cauuot be 


. - . . . - ----- trim points. point,. 

Inc plane which, bisects the timbers is called the Plane of tho 
plane of the truss, and the perpendicular which divides torus*; 
thc truss into symmetrical parts is called the line of Lino of 
symnutry ; moreover, a plane passing along the line of *y njmttf y- 
symmetry perpendicular to the plane of the truss is 
called the plane of symmetry; and thus the plane of Plane of 
symmetry divides the truss into two equal parts.* symmetry. 

Each of the two points of suspension of every truss 
is in the under horizontal face of the tie beam, near tho 
extremity of that fuce, and rests immediately upon the 
wall plate. 

The tie beam of every truss in a roof ought to be 

movad further in any direction except backwards. This may bo 
accomplished by cutting away as much ot thc binding joists which 
contain the mortim** M and N as maybe necessary; and this is 
generally* done by cutting away the wood below the mortise M so aa 
to make hno long mortise instead of the two M and N, tho side* 
and back of the long mortise being a continuation of the plane* of 
the sides and backs of thc mortises M anil N The lohg mortises 
which are thus out in the vertical sides of binding joiots are called 
putty mortises, or chase ntoriisrs, 

* Tho definition which we have given of a truss is such as will 
be found to apply in many situations ; nr. in roofs tv sujiport the 
inclined covering; find hvie also it way be employed in di -charging 
the pressure of thu rafters from the intermediate part* cf the wall is in 
case that the roof is constructed without tie beams. Trusses are als o 
used in partitions for supporting the floor*. 

When a truss is employed for supporting tho covering of a roof, 
the bisecting plane of the timbers ought to be in a plane perpendi 
cularto the plane of tin# rouf and in a plane perpendicular to the 
horizon, and thus the rafters and tie beam* will be perpendicular to 
tho wall plate* ; and when a truss it employed for discharging the 
pressure of the rafters from the wall plates, and consequently from 
the walls themselves, the plane of the truss ought to be parallel to 
the plane of the covering. 

If a truss be so constructed that when tho line of symmetry is 
perpendicular to the In >r iron, and the whole of the timber v'ork 
situated above tho horizontal lino; then if in the half of the tn:ss 
upon one side of the roof, th& upper ends of the remaining timhrr# 
ot the surrounding enclosure be nearer to the lino of Kvininvtry than 
the lower end, such a truss is proper for the truss of a’ roof. 

In the application of trusses hi roofing, tho truss points will he 
in the upper inclined edges of the principal rafters, ami they ought 
to divide the lengths of their rafters into equal parts, so that every 
truss point may support a point of a purlin, uud all the truss points 
in the inclined upper r*ige of t!»e principal rafter will suppiMi one 
point of every purlm, and all the truss point* will su pp«ut all tha 
equidistant points of every purlin. 

■ 2 m 2 
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Trussing 

post. 

King post. 

Corre- 
sponding 
side posts. 
Queen 
posts. 


Tie beam. 


Collar 

beam. 


Auxiliary 

rafters. 


supported in a certain number of equidistant points, so 
that if weights are suspended front these points, the 
weights thus suspended would not cause a transverse 
strain in any timber whatever in the construction of the 
truss. 1 * 

Every timber bar which forms one side of a triangle, 
and which is . perpendicular to the horizon, is called a 
trussing post A trussing post in the middle of a truss 
is called a Icing post.. Two trussing posts on each side 
of, the' plane of symmetry, and equidistant, are called 
corresponding side posts , aud if there be only one pair of 
corresponding side posts in a roof, such a pair of side 
posts arc called queen posts : moreover, if the truss posts 
consist of more than one pair of corresponding side 
posts, but have king posts, that pair of corresponding 
side posts which arc at the least distance from each other 
are called queen posts. If a truss have only one beam, 
that beam is called a tic beam ; but if it have two beams, 
the lower beam is called the tie beam, and the upper 
beam is called (he collar beam. If the principal rafters 
are supported upon an independent truss, the timbers 
in the truss upon which the principal rafters are sup* 
orted are called auxiliary rajlers . 

Fig. 18, pi. iii. is the elevation of a truss which. exhi- 
bits the faces of the timbers whieh are parallel td the 
plane of the truss, and in their real proportions, T t 
being the tie beam, Pj&, Yp the two principal rafteis,*K k 
the king post ; Dd, Dd queen posts, B 6 collar beam, 
£e, Ec auxiliary rafters, and S s, S s struts. These 
are the timbers which constitute the truss. The truss 
is supported by the wall plates, of which their sections 
are W, W, fig. 18. The timbers supported immediately 
by the truss are the pole plates Qq, Q q, fig. 19, the 
purlius L l, L /, and the ridge piece R r, ami lastly, 
the timbers supported by the pole plates, purlins, and 
ridge piece, are the common rafters, Cc, C c. The 
double letters in the timbers supported by tlie truss, are 
only to be found in the perspective view, as also in the 
wall plates W to, AV to. . 

Section III. 

To find the lengths and angles of the timbers of a 
roof in every position in which they can be placed, is 
Only to resolve the various cases of the right trehedral. 
It may be proper to observe in this place that those who 
have previously acquired this knowledge will never be 
at a loss to solve every difficulty ; but those who have not 
done so, must be contented with the rules by which the par- 
ticular case in hand may be constructed. We shall here 
give an example or two of the application of the trehe* 
dral, which perhaps will be as much as the practical 
Carpenter *may desire, but which Will be of signal ad- 
vantage to the theorist by showing hoyv, the principles 
are applied in practice. 

Example !. Given the directions T U, U V, Y W, 
fig. 20, pi. iii*, of the wall plates of the regular hip end 
of a ridge toof single inclined upoh’each side of the 


’• The nnmber of trusses in a roof will depone! upon the length 
of the purlins in their extension from gable to gable, or from hip to 
‘ hip or horn hip to valley. The truss points in a roof may be found 
so that the rafters may he equally divided, or in given proportion, 
by timbers to arranged as to form two series of triangular openings 
between the poiotsof suspension, so that the vertex of every triangle 
df one of the series maybe in the under inclined side of the principal 
rafters, and that the opposite side may meet the vertices of two 
adjacent triangles of the other series of gliith the bases are pads of 
the principal rafter. 


ridge piece, and the height of the roof, to find the 
lenglhs of the common and hip rafters. 

In UT and in V W make U d and V a each equal 
to the half of U V, and draw the right line a d , Bisect 
a d in c, and draw c V perpendicular to a d. Make c V 
equal to the height of the root; and join a b\ b' d t and 
a t/, l/ d are the lengths of the common rafters. 

From a with the dlstnrice ab\ the length of a com- 
mon rafter, cut a d in 6, and join V 6, and V b is , the 
length of the hip rafter. 

Example 2. To find the angles of the backs of the 
^iip rafters. 

Join V c, and through any convenient C in V c draw 
B e perpendicular to V c, meeting V W in B and V U in 
e . Draw B A perpendicular to V b, meeting b V in A, 
and from the point B with the distance BA cut c V in 
A\ Join A' B and A! e and BA'c is the entire hip 
angle, or the angle of the back of the hip rafter.* 
Example 3. The same things being given to find the 
angles which the upper arrises of a purlin makes with 
each adjacent arris of the section of that purlin upon the 
vertical face of the hip rafter. 

In b'dy the back of- the common rafter, let fg be the 
side of a right scctioii of the purlin, aiufr/g A t the entire 
right section. Join cU,ntul draw fo parallel to UT 
meeting U c in o. From the point/ with any convenient 
radius describe the semicircle j l m A, and draw the dia* 
meter j k parallel to d a . Let the semicircle cut b' d in 
l and //, prolonged if necessary in in. Draw Jr, Is, mq, 
and lep parallel to f o, and let Is aud m q meet c U in s 
and q. Draw q p and s r perpendicular to f o, and join 
op, or; then nor and nop are the two bevels re- 
quired, t * 

The dcvelopement or the method of extending the 
surfaces of a roof in planes are of signal utility in finding 
the lengths and tx^els of dll the timbers in these 
various faces. 

• Example 4. To describe the covering of a regular hip 
roof in plauo, the plan of the roof being given. 

Part 1. Let A BCD, fig. 21, be the plan of the 


Carponfry , 


t 


* 


* Qtnrral ofttcr vation. The pait of the first example which 
allows how the lungth of the hip rafters are found, is the case 
of the right trehedral ns when there are given the inclination unit 
the adjacent right face to find the oblique face. (7.) Hero « V c is 
the adjacent face, And V a the adjacent edge. Then having assumed 
the point a in V W, draw u e perpendicular to V a, (ibis is already 
done, for the point A is cither in a<* or fit o c prolonged,) and ut tho 
point a with the right hue a e make the angle cab' equal to the 
given inclination. Draw c // (from the middle of a d) perpendicular 
to a c, and draw Die ri^ht line a b perpendicular fo a V. Make a b 
equal to a b\ Join l V , and « V b is the angle of the oblique face 
required ; consequently, 9 b or « b* is the length of the common 
rafters, and V b is the length of the hip rafters. This comprises 
the first example. 

The second example is the tame case of the.right trehedral a* 
when there are given the oblique face A V-JB, and the opposite face 
C V H of a right trehedral to find the inclination. M3.) This has 
already been done. The reference now given is sufficient, in order 
to make the demonstration understood. 

■ } Hie angles which are already found will give also the bevels of 
(lie jack rafters. Vor (he same hovel which is applied to finding Die 
angle which tho upper arris and the joint between (ho back of the 
pqrlin and the adjacent fade of the adjacent hip rafter make with 
each other, will give the angle which the longest arris of the back of 
a jack rafter anu the joint if the back of the jack rafter, and Dm 
adjacent vertical face of the adjacent hip rafter make with each 
oilier, by deducting a right angle from (he angle mark by the tipper 
arris and the joint of tlie beck of the purlin upon the bin rafter. 
The other bevels of the jock rafters are the same as the angle which 
this upper arris of one of the vertical faces of a common rafter makes 
with me joint bet ween that face and the vertical face of the ridge piece. 
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Carpentry, edges of the wall plates, E P the plan of the ridge. 
From any convenient point E in E F draw Eg perpen- 
dicular to one of the sides of the planes A D, and in 
E F make E h equal to the height of the roof, and join 
gh. Draw E« perpendicular to A D intersecting AD 
in g, and make gt equal to g A, and join A e. 

Part 2. Draw ef parallel to A D, and F f parallel, 
to fi e, and join/D. From the point A with the radius 
A 11 describe an arc, and from the point e with* the 
radius e A describe another arc intersecting the former 
arc in the point b 1 . Join A V and c b\ Upon ef as a 
line of symmetry, describe the figure efeb symmetrical 
to the figure e /DA, and lastly, upon D / describe the 
triunglc D/c, so that D c' may be equal to D C and 
f c' equal to /I). Then the several faces of the covering 
are e fc 6, <?/!> A, e A b\ and /D c** 

Section IV. 

A curved surface is that which, if cut by a plane, the 
section may be a curve. 

A cylindrical surface is a curved surface on which only 
one right line can be drawn through a given point, and 
two right lines being drawn through two given points 
will be parallel.* 

E\ciy right line drawn on a cylindrical surface is 
called a line of direction. 

If a solid having a cylindrical surface for its super- 
ficies be cut by a plane perpendicular to any lino of di- 
rection, the hcctiou of the solid is called a right section 
or profits , and every section of the solid which is neither 
parallel nor perpendicular to a line of direction is called 
an oblique section ; moreover, every section of the solid 
passing along a line of direction is called a longitudinal 
section, and every section which is not a longitudinal 
section is called a Iransi'crse section. 

Hence every right as well as every oblique section is 
a transverse section. 

If the transverse section of a cylindrical surface be 
one continued curve, the cylindrical surface is said to be 
close ; but if the transverse section be open, the cylindri- 
cal surface is also said to be open. 

If an open cylindrical surface terminate in two right 
lines, the two right lines are called its rectilinear termi- 
nators. 

If the right section or profile of a cylindrical surface 
be the arc, or the circumference of a circle, the cylindrical 
surface is called a cylindric surface. 

If the profile be the curve of au ellipse, the cylindrical 
surface is called a cylindroidic surface. 

Of ceilings. A ceiling is that apparent surface of a room which is 

opposite to the floor, and is of such a nature that a right 
line which is perpendicular to the horizon can only meet 
the ceiling in one point. ^ 

Cylindrical A simple cylindrical ceiling is (hat which consists of 
one cylindrical surface only. 

Waggon- A waggon-headed ceiling is that which consists of 
tua&'d. only one cylindrical surface terminating upon the vertical 
faces of four, walls, in such a manner that every right 
line which is entirely upon the cylindrical surface is com- 
prised between the vertical faces of two opposite walls. 

* Observation. The first port of this process is the seme case of 
the right trihedral at when the two right faces . are given, to find 
the oblique foes j (24.) therefore, having Ibnnd the angle g Ac, the 
angle p by will be found fa the same manner. Fig. 22 is given as 
an esavnpkr in which both hips arf ratty* occur 5 but as lips and 
valleys are all described by the some case of the trefiedral, a bare 

inspectfftti of fig. 22 trill render the construction sufficiently evident. 


NTRY. 

Hence it is evident that in a waggon-headed ceiling, Carpentiy. 
that the concave surface will meet the vertical faces of '**•*/-+*' 
the other two walls in two right lines, and that the two 
right lines will be parallel. 

The springing lines of a waggon-heuded ceiling are 
the two right lines in which the cylindrical surface mcet9 
the face of two opposite walls. 

A plane surface comprised by the two springing lines 
is called the base of the cylindrical surface. 

A close transverse section of a waggon-headed ceiling 
upon a plane comprised by the curved surface atul its 
base, is called a transverse section of such a ceiling, and 
the right line which joins each extremity of the curve is 
called the base of the section. 

The direction of a cylindric ceiling is the same as 
that of any of its lines of direction. When a ceiling is 
formed by two cylindrical surfaces intersecting each 
other so that & line of direction drawn upon either of* 
the cylindrical surfaces through any point whatever may 
meet a line of direction upon the other cylindrical sur- 
face/such a ceiling is called a return cylindrical vaults 
and each cylindrical surface is called ri branch. 

If a plane be a tangent to the two cylindrical surfaces 
of a return vault, the two right lines in which the tan- 
gent plane touches the two curved surfaces of each cylin- 
drical branch are called the summit lines , and the tan- 
gent plane is culled the plane of the summit. 

If the rectilinear terminators be both in a plane pa- 
rallel to the plane of the summit, each of these termina- 
tors is called a springing line. A groin in a vault or 
ceiling is the intersection of two concave surfaces, when 
the angle which they make with each other projects and 
when the line of common section breaks the continuity 
of the surface upon cither side of it. 

A ceiling is called a rectilinear quadrangular groin Rectilinear 
ceiling, when it Is compounded only of concave cylin- quadrangu- 
drical surfaces, consisting of four separate branches which S 10 * 0 * 
have only one common point, and of which two arc in 
one cylindrical surface, and the remaining two in another 
cylindrical surface, and of which (he two branches con- 
tained in either of the cylindrical, surfaces are entirely on 
the convex side of the cylindrical surface which contains 
the other two branches. 

Hence every rectilinear quadrangular groin ceiling 
bos four groins. 

The point in which all the four branches, or in which 
tlie* four groins meet, is called the centre of the ceiling . 

If a plane touch the convex superficies of all the cylin- 
drical parts, the plane is said to be a tangent to the 
surface of such a ceiling, and it will contain the centre 
of the ceiling. 

When the profile$ of all the four branches are equal 
curves, or such as may coincide wlieti their summits and 
when each branch maybe divided by a vertical plane 
parallel to any line of direction into two symmetrical 
parts, and when the cylindrical surfaces intersect each 
other at right angles, the ceiling is called a regular 
groin.* , 

• Illmtraiiom ef the preceding Definition* and of the Construction 
of the Centrings for Groin Oiling*. 

Fig. 1, pi. iv. A perspective rieir of a groin ceiling, supposed to 
be executed in masonry. This view exhibits pilasters projecting 
from the piers between the apertures with circular bows projecting, 
from the cylindrical sutiace of the ceiling; Wing supported ly'lhe 
imposts met the pilasters. 

Centrings to groin ceilings is the wooden mould upon which the 
masonry or brickwork is turned ; therefore the reverse of the surface 
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Carpentry. Example. Given the profile WVX, pi. iv. fig. 4, of 
the cylindric surface of one of the transcripts, to find the 
profile of the nave and the coverings of the curved sur- 
face in piano. 

In the curve W V X take any point M and draw M P 
perpendicular. to the ground line fg, meeting the base 
WXin P. Draw 'Pi perpendicular to WX, meeting 
the ground line fg in », and draw ij perpendicular to 
fg meeting the projection «cof the groin above ac. 
in j. Let wx be the base of the rib of the nave, be 
perpendicular to the projection of the axis of the cylin- 
drical surface, and draw jp perpendicular to wx meet- 
ing w x in p. Draw p m also perpendicular to to r, and 
. moke p m equal to P 3VI. Then m and M arc corre- 
sponding points, and thus to the axis wx the point tn is 
a point in the curve. 

In this manner, having found a sufficient number of 
points, the curve may be drawn through these poiuts, 
which, 'being done, is the right section of the nave 
part of the groin coiling. 

To find in piano the curved surfaces of the two 
transepts. Let y 8 be the projection of the right section 
of a profile of the cjlindric surface of one of the tran- 
septs, and aft that of the nave. In the given curve 
W V X take any point M and draw the line as before, 
and let i j intersect yS in l, also let jp intersect aft in k . 
Extend the curve W V X into the right line q r, No. 9, 
and in q r, No. 3, let ql and rl be each equal to the arc 
W M, No. 2. 4 Draw tj\ No. 3, perpendicular to q r, and 
make Ij equal to lj y fto. 1 ; and in this manner a suffi- 
cient number of points may lie found to construct the 
whole figure qsutr, which will be the form of the 
boarding of one of the transepts in piano. 

In like manner sqrlu, the boarding of the nave in 
piano, may be found. 

Fig. 5 exhibits the plan and elevation of a groined 
ceiling to be formed with lath and plaster, the construc- 
tion of the riba is found in the some manner as in fig. 
4 ; but here, as well as the right ribs, we shall also 


require to find the groin ribs. The method for this Carpentry, 
’purpose will be sufficiently evident by merely inspecting v - *-' 
the plan in which it is traced upon the diagonul b d, the 
ordinates being of the same height as 1 in the two pro- 
files* Thus let the semicircle pbc be the stretch-out of 
the groin ceiling, exhibited in the elevation, No. 2, fig. 

5. In the semicircular arc abc> pi. v. fig. 1, take a 
sufficient number of points ; but for the purpose it will 
be sufficient to take these points in the quadrant pr half 
arc ; and through these points draw ordinates, ami draw 
gi and df in any convenient situation. Make d/and 
g i respectively equal to b d or a c 9 pL iv. fig. h, No. 1. 

Then in pi. v. fig. 1, let bj be one of the ordinates of 
the semicircle meeting the base ac in,;, and divide df 
and gi in p and q % iu the same proportion as ac is 
divided in j. Draw pc and q h respectively perpen- t 
dicular to d/and g i. Make p c and q h each equal to 
the ordinate jh of the semicircle, and thus the points e 
and h are in the curves of which the bases are df and 
gi. The curve being drawn through a ‘sufficient num- 
ber of points thus found, the curve, of the angle rib 
will he def and the curve of the ribs of the nave will 
t>e ghi. But if the curve of the half of each rib be 
found, the other being symmetrical willibc found in the 
usual manner. Thus drawing the line c/j, take the 
half ofd/and the half of g t, and with these distances 
from the centre o of the semicircle cut the right line cn 
in n and m. Join rw, rm, and druw lines parallel to 
c/?, which will divide the half bases of the ribs as re- 
quired. 

Example. Given the plans A h N P, ONPQ, pi. iv. 
fig. fi, of two inclined vaulted passages meeting each 
other at an angle in a vertical plane,* the angles which 
the springing lines of the arches make with the level 
plane and a vertical section of the first vault intersecting 
the springing plane iu a fine perpendicular to the two 
springing lines ; it is required to construct these vaults 
with plaster, and to place all the. ribs in vertical planes, 
so that the bases of the common ribs may be perpen- 
dicular to the springing lines : the things required to be 


of this groined criling which is concave. In practice, jthe centres are 
placed firet over the widest avenue Cor nave) upon a horizontal timber 
bar at each of the springing lines of the cylindric surface, the two 
aprin^in^ lines being upon the level. The two horizontal timber bars 
are supported by peats, distributed at regular intervals without any 
regard to the tiaiwrerse vault, and the centres are placed over the 
po*r», and hoarded, in without lwing interrupted by the transept*. 
Then the groins or intersections of the two cvlimhic surfaces are 
drawn upon the hoarding over the, nave; and the uprights, the 
beams in the springing, the centres, and the buariting, ai;e all placed 
on the fnycave side of the centring of the pave. Fig. 2 is a per- 
spective representation of the centring of a groin vault. This 
view exhibits the have completely boarded in, with the centres and 
their necessary supports in the transepts. Fig. 3 exhibits another 
pervpt-ciive view which shows both purts boarded in and ready to 1/e 
built upon. 

. KtC.4 is tlie plan and elevation of a groin ceiling ; No. 1 being 
the plane, tod No. 2 the elevation of the tianscpts. Here tho groius 
are formed by the intersections of a cylindric arch upon the planes 
of the diagonals. The elevation is here taken upon a plane perpeu- 
dieulat to the axis of the cylinder, / g being the ground line. . 

The sides of the plan arc perpendicular to each othur, and the 
plan 4hd elevation are so placed in respect of each other that right 
lime drawn frem any two corresponding points perpendicular to 
ftfaa ground fine will meet the ground line in the same point ; and 
thus all right tinea parallel to the axis will he projected in the plan 
into right find* perpendicular to the ground line, and in the tdeva* 
tibn these right lines will be projected into points, it is urine* 
ternary to mf more with respect to the orthographical drawings, 
* atnde those who are familiar with plans and elevations will find the 
reason and meaning of every tine m the construction by merely in- 
apeefing tho drawings. In the plan, a c awl b d are the projections 
of the groins. 


done by a geometrical construction is to trace the curves 
on both sides of. each half of the angle rib, so that the 
edge mny range in both directions of the vault, as also 
to trace the curves on each of the faces of the common 
so as to range in their respective directions, 

Let A b and b N.fig. 6, be reciprocally perpendicular 
to each other. Make the angle N ba equal to the angle 
of inclination of the springing liue of the first direction 
of the passage, and draw Ka perpendicular to 6N„ 
Prolong O N to S, and draw N R perpendicular to O S. 
Make N 11 equal to N a and make the un£le N R S 
equal to the complement of the angle which the spring- 
ing line of the second direction of the vault makes with 
the plan. Prolong T R t6 meet ON S, and pro- 
long b A and N P to meet each other in m . Draw N U 
perpendicular to N P. Make N U equal to N R or 
N fl, abd join mU and tn S. 

* We have now given the two right faces, N *» S and 
NwU, ofa right trehedral ; therefore (17.) (20.) find 
the inclination tnqk, which is the angle made by the 
plane of the angle rib, and the springing plane of the 
upper direction of the vault* Draw B C perpendicular 
to b N. • 

Let A bnp and qpnv (fig. 7) Ip the springing planes 
of each direction of the vault, the angles p fib and pno 
being respectively equal to pnb and pn'o\ (fig. 3,) and 
6 A (fig, 4) equul to 6 A (fig. 6.) Let b A (fig. 7) 
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Carpentry* be perpendicular to n 6, and let b A be prolonged from 
each extremity towards e e. Through any point e in e e 
draw ed perpendicular to e e\ and make the angle def 
m No. 1, equal to the angle a b c. (Fig. 6.) Let the seat 

p n (fig. 7) of the angle rib be prolonged from each of 
its extremities to e" *', Find-(2fi.) the inclination of, a 
plane which shall ' have a given trace ef 9 ef, and which 
shall be parallel to the right line of which the seat is e d, 
No. 1, and the angle of projection gef. 

Let dfe f 9 , No. 2, be the angle thus found; From the 
point e", No, 3, draw ef f d /r perpendicular to e'V, and 
make the angle d ,f ef'f" equal to the angle mile, fig* 6. 

Again, ftncl the inclination of a plane which shall have 
ft; given trace ef tJ ef n \ and which shall be parallel to a right 
line, of which d e is the seat, and d ff e" f n the angle 
of projection, and let df n d" f ,f be the angle thus found. 

• From any point d d\ No. 2, draw g r h t parallel 
to de, No. 1 ; draw gf perpendicular to d d r and pro- 
long d f e‘ to i'. Make d V equal to c*f, and join hi i\ 
Let the given curve of the rib be A I) 6. From any 
point C in the base A b of the given curve of the rib 
draw C D perpendicular to A b, end draw C E parallel 
to bi i, meeting pn in E. Draw EF parallel toAl, 
No. 2, and mate EF equal to C D, and F is a point 
in the curve. In the same manner as many point? 
F, F may be found as will be sufficient to trace the 
curve. These points being actually found, draw the 
curve p F n from the one extremity p through the points 
thus found to the other extremity n. 

The curve pQn is identical to the curve pFn, 
therefore the ordinates E Q make the same angle with 
np as the ordinates E Fmakc with np ; hence all the 
ordinates EQ are respectively equal to the ordinates E F. 

To prevent confusion in describing the ranging curves 
for the two faces of each half rib, the reader's attention 
is directed to a separate diagram, No. 5. In No. 5, 
draw p n parallel to p w, fig. 7, and equal to it, and 
draw nb and p A, No. 5, parallel to n b or p A, fig. 7. 
Then, iu No. 5, prolong pn to any convenient point e, 
and draw ed perpendicular to ep, Make the angle 
d ef equal to the angle mlk, fig. 0. Again, in No. 5, 
draw h m parallel to ef, and at such a distance from ef 
as will be equal to the thickness of the half augle rib. 

Let m A, No. 5, meet de in k P lit ef cut off the part 
el equal to ck, and draw tu parallel to bn or A p. 
Draw Iv and ku parallel to np> and draw uv perpen- 
dicular to tv, nud join tv. * Let the curve n Fp be 
identical to the curve nFp t fig. 7, and let F,F,F, &c., 
No. 5, be any number of points in the curve n F. Draw 
n r and p q parallel to l v to meet t u , or tu prolonged 
in q and r, and draw the right lines F G, FG, F <>, &c. 
parallel to t v. Make F O, F G, FG, each equal to tv. 

A sufficient number of points, F, F, F» &&, being 
thus found, draw the curve rG^, then rGq wilk.be 
the higher curve of the intrarios of the lower half rib. 

The curves n Qp, n F />, fig. 7, being the mitre curves, 
must necessarily be identical in order to coincide ; hence 
the ranging curve of the. upper angle rib will be found 
in the same manner from the Tnitre curve, as the mitre 
curve was found from the ranging, curve of the lower 
half-angle rib ; but to remove all doubts from \he mind 
of the reader, we shall also show the manner in which 
this is to be done. 

Draw V* m", No. 3, parallel to and at such a distance 
from as will be equal to the thickness of the half 
rib, and let m" k ff meet e #/ d” in A" From any conve- 
nient point w in pn draw to ft parallel to no or p q, and 


draw l‘% and h"u parallel to pn. Draw a „ perpen- Girneut™ 

dicular to pn, and join vie. Let Q Q Q be uny imra _ > 

ber of points in the curve n Qp. Draw QR, Q R, Q R, 

Ac., parallel to w v, and make Q It, Q R, Q R, & c . each 
equal to av, then r R t is the ranging curve of the upper 
half rib required. 

In order to find the curve of the face and the ranging 
curves of .the ribs in the ascending direction of the 
vault. It wiU be necessary to find the projection of 
one of the ordinates, as X F, upon the spriuging plane 
qp 7io, for this purpose, the trace e" tf of the plane of 
the mitre is given, as also the angle d tf e"/" of projec- 
tion ; this being found, X Z is the projection required ; 
and g"/" is the projectant of the projection Z of the 
point F. Through any convenient point, o in n o, draw 
t ,ir e nt perpendicular to n o, and through any convenient 
point , A" 7 in efW, No. 4, draw k‘ f, g ,/f parallel, to X Z. 

Make equal to X Z, and through g"' draw i m tf n 
perpendicular to e"V , \. meeting e lf, e nf a\ the point 
Draw g ,,, f fn perpendicular to und make g ,,r f r,t 

equal to g"/", No. 3. In make e'" i"' equal Uy 

e? n j n \ and join A"'*'". Then, to trace the common rib, 
draw E S, No. 4, parallel to no, meeting e ,rr t/ ,t in S, 
and draw S V parallel to h iu i tf \ Make $ U, fig. 7, 
equal to any one of the other ordinates, as E F and U . 
thus found is a poiut in the curve. 

In the same manner, having found as many points 
TJ,U,U, as may be necessary, draw the curve q U o, fig. 

7, which, when done, is the ranging curve of the lower 
face. Make e"'l ,fr equal to ef" A", and draw i ,f j m per- 
pendicular to e'V", meeting i ,,f in/". Draw the 
ranging lines U V, UV, UV, &c., of the edge of the rib, 
and make U V, U V, U V, &c., each equal to A"V", No. 

4. Draw the- curve' jVy, and it will be the ranging 
curve required. 

Fig. 8 exhibits the same plan when the springing 
planes of the two directions are level ; hence in this 
case all the difficulties of the former disappear since the 
planes of the faces hf all the ribs will be perpendicular 
to the springing plane, and all the ordinates of the 
curves perpendicular to their springing lines or bases ; 
moreover, the heights of these ordinates which are in 
vertical planes, parallel to the axis, will tie equal, and 
the ranging Hues of the edges of the ribs will be parallel 
to the bases of the curves. The whole is so evident 
from the figure as to reader any further explanation un- 
necessary. 

Section V. 

One surface is said to fit another, when every point of 
the first surface coincides with a point in the second. 

Any concave surface whatever in a ceiling is called a Cove. 
cove . 

When a cove is intended to be formed in a ceiling 
with plaster upon lath, a receding surface, everywhere 
equally distant from the apparent surface of the cove to 
be formed, sufficient to contain the thickness of the lath 
and plaster together, is called the lathing surface of the 
cove. 

It i$ evident that if the 4 * apparent surface to be formed 
be a cylmdric surface, the lathing surface wiU also be a 
cylindric surface; and if the apparent surface to be 
formed be a spherical surface, the lathing surface will also 
be a spherical surface : but this will not hold universally. 

,Jf a part of a piece of wood be. taken away, so that 
the new surface formed by the part taken away »na\ fit 
the lathing surface of a cove continued from one cure- 
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Carpentry* mity of the surface to meet the other, such apiece of ing edges of the brackets will be perpendicular to the Carpentry, 


Rib or 
Bracket. 


wood is culled a rib or bracket ; and the surface thus 
fitted is called the ranging edge of the rib or bracket. 
Hence a continued line may be traced on the ranging 
edge of the bracket from one extremity of the .cylindric 
surface to the other. 


planes of these brackets ; but, whatever be the position ' 
of a line of direction, the planes of every two brockets 
which range in a cylindrical surface are generally per- 
pendicular to the horizon, and parallel to the plane ver- 
tical surface of the walk; and thus, when a line of 


If two cylindric surfaces intersecting each other be the 
lathing surface, of two coves, and if the entjre intersec- 
tion coincide in every point with the surface of n piece 
of wood, and if a portion on each side of this intersec- 
tion of the supet ficics of the wood fit each of the lathing 
surfaces close to the intersection, such a piece of wood is 
called an angle rib or angle bracket; and the parts 
which fit upon the cylindrical surfaces are called the 
ranging parts of the surfaces of the angle rib , or angle 
bracket. A rib or bracket thus fixed is said to be pro- 
perly placed ♦ 

In order to form any surface whatever with plaster 
upon lath, it is evident that every lath must at least be 
supported* in two points ; and that the thinner the lath 
is, the number of points in which it is supported must 
be more in order to be sufficiently strong to carry the 
plaster ftpon which the apparent surface is to be formed. 

Hence in forming a coved surface with plaster upon 
lath, ribs or brackets receding from the lathing surface 
are generally fixed at such distances from each other, 
that every lath may be supported upon the ranging edges 
of the ribs or brackets at three or more points in its length, 
and that the ribs or brackets thus fixed may have their 
ranging edges in the lathing surface. When the apparent 
surfaces of the plaster are required to be formed by two 
cylindric surfaces intersecting each other, the lathing 
superficies will also be two cylindrical surfaces intersect- 
ing each other. In this case it will be found convenient 
to fix one extremity of the lath to an angle bracket, and 
the laths throughout upon a sufficient number of ribs or 
brackets properly placed. All ribs or brackets, except 
angle ribs or angle brackets, ate called common ribs or 
common brackets. 


direction of the cylindrical surface in which the ranging 
edges of the brackets are placed jp not parallel to the 
horizon, this line of direction will not be perpendicular 
„to the planes of the brackets. 

Brackets to form small cylindrical coves with plaster, 
seldom require more, timber than can be obtained from 
aboard in on e‘ single piece; but ribs to support lath 
and plaster, as well as the brackets of large cylindrical 
coves, require that each rib or bracket may be formed 
in two or more pieces of boards joined. together, so as to 
form a whole bracket in two thicknesses ; and that the 
joint between the two halves may be in a plane parallel 
to the planes of the rib, and equidistant from these 
planes. When two cylindrical surfaces intersect and 
form a plane curve, it will .be convenient to make the 
angle rib or angle bracket, if large, in two thicknesses, 
so that the joint between them may be in a plane paral- 
lel to the plaues of the angle rib or angle bracket. 

The cylindrical surfaces which arc generally used in 
coved ceilings, intersect each other in a plane curve, 
and tbd plane of this curve is generally perpendicular 
to the horizon. Moreover, two right sections of tbo 
two cylindrical surfaces are generally such that the two 
curves will reciprocally coincide in all parts. In this 
general case it will be found convenient to form angle 
ribs or brackets in two thicknesses of bonids, and the 
joint or plune of coincidence to be in a plane of the 
curve in which the two cylindrical surfaces meet cadi 
other. It is evident that all the parallel ptane sur- 
faces which comprise the brackets ure sections of the 
cylindrical surface in which they may be arranged, and 
when two faces of every two brackets are parallel to one 
another, as in common brackets, and their ruugfng 


In the construction oF cylindrical coves in the ceiling edges in the same cylindrical surface, that the sections 
of a room to be formed with plaster upon lath, the lath of these brackets, by the cylindrical surface, are identical 
is generally supported upon brackets, and the cylindric curves ; and that the curve lines of all the parallel ribs 
surfaces meet each other in such a manner that one of dr brackets arc identical curves. Moreover, as cylin- 


them may terminate upon every vertical plane face of 
the room, and upon a plane forming the apparent inter- 
mediate surface of the ceiling; uml that all the termi- 
nations of the cylindrical surfaces upon the walls may be 
in a plane parallel to the plane of the intermediate sur- 
face of the ceiling, and that every termination in the 
veiling may be parallel to the vertical adjacent surface 
of the room : such a ceiling constructed with plane and 
cylindrical surfaces is called a cylindrical, straight, coved, 
slid fiat ceiling, or, more generally, such a ceiling is 
called simply a coved ceiling. Hence the plastering of 
the cove of every straight coved and flat ceiling will re- 
quire as rtiany angle brackets as the room has plane 
vertical faces. 

In order to save timber, every rib or bracket in the 
construction of a cylindric surface ought to have two 
surfaces in parallel planes, which may always tie perpen- 
dicular ip every line of direction of the lathing cylindrical 
surface. These parallel plane surfaces are called the 
planeB of the brackets. Hence when a cylindrical cove 
to be formed with plaster' upon lath is required to be 
constructed, and to have any line Of direction parallel to 
‘the horizon, if the brackets" ark fixed sq that their 
surfaces may be perpendicular to the horizon, the rang- 


dricul surfaces ore generally so situated in coved ceilings 
that their lines of direction are parallel to tfao horizon ; 
and as all the ribs or brackets are generally, and most 
conveniently arranged in parallel planes, these planes 
will be all perpendicular to the lines of direction of the 
cylindrical surface into which their edges arc arranged; 
hence all the ranging edges of these brackets will be 
perpendicular to their vertical faces; so that, if a right 
section of the cylindrical surface is obtained, and a mould 
be made so as to contain this section/ this mould will 
serve jto df aw the curves on one of the faces of every 
common bracket; and these being properly fixed with 
angle brackets when necessary, wifi be in Ihe luthing 
surface required.* . 

r - * The cylindrical surfaces commonly employed are those of 
cylinders, or those svhkh have their right sections greater or less 
portions of the circumference of a circle. Somcnaiee, however, 
various other curved surfaces may be used with good effect. Of 
these the cylindrical surfaces generally employed are those of cylia- 
droids ; and the curves of the right sections of cylindroklal surfaces 
arc. generally, either muulrantal portions between the two axes, of 
which one is horizontal and the other vertical. ■ • 

Every cylindrical surface used in coving will be sufficiently deter- 
mined V having given a right section of the cylindrical surface* 
Moreover, two cylindrical surfaces intersecting each other will* he 
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Carpentry. To find the ranging edge, we have only to cut through 
the thickness of every sucli board perpendicular to the 
two plane faces by taking away the part on tho'concuve 
• side of every rib or bracket, in order to 'form the rang- 

ing edges required. 

Examples to the preceding Observations in ranging the 
Ribs of Groin and Com Ceilings. 

Example 1, Lei pi. v. tig. 2 be the plan of a portion 
of u coved surface at an internal angle, a e and am the 
springing lines, An and 6 f the ceiling line in each re- 
turn. The angle bracket is traced in the same manner 
as the angle rib of a groin : nbdc is the plan of half 
the angle rib, ah the base of the mitre curve, and hh 
perpendicular to a h the height, the curve itself being a h. 

Draw the chord ah of the curve, and draw c k per- 
pendicular to a A, meeting ah in k, and draw k l per- 
pendicular to ah, meeting ah in /. 

Let a vf A, No. 1, be the edge of a board, out of 
which a bracket is to be formed, abed and cfgrfi the 
two faces of the hoard which comprise the edge a efh 
between them. Draw the right line n q perpendicular 
to a A or ef intersecting a A in p , and ef in </, and make 
pn equal to Ik, fig 2. Jn No. I and in No. 2 through 
o draw i n parallel io ah, and in in make on equal to 
a /, fig. 2. Apply the mould ah. fig. 2, to No. I ami 
No. 2, so that tlm extreme points a and h of the 
(line, fig. 2, may be in the arris line, ef No- 1 and 
No. 2, vtz. the point a , fig. 2 , upon the point </. No. I 
ami No. 2, and the point //, fig. 2, upon the point /, 
No. 1. Then, upon the face e.J'gh draw the curve 
7 r l. Remove the mould f rom the face e fg h, and place 
it upon the other face, ah c. d , so that the points upon q 
and / may be in n i; viz. q upon n, aiul l upon in. Then, 
upon the face abed draw the curve nun. The two 
curves n sm and qrl are the curves in thc # paral 1 e 1 faces 
of flic brackets; then the wood on the concave side 
being cut away will give the ranging required. No. 1 
and No. 2 being put together as they ought to be, will 
complete the angle bracket for its situation. 

Example 2 . Let pi. v. fig. 3 be the plan of a portion 
of the curved surface at the external angle, o y and ol 
the springing lines, ps and p z the ceiling lines in each 
return. The angle bracket being traced as before, 
oprq is half the plan of the angle rib, o p the base of 
the mitre curve, and p x perpendicular to o p the height, 
the curve itself being a x. 

Draw the chord o x of. the curve, and draw q it, meet- 
ing p o prolonged in w. Draw u v parallel to ox, and 
draw o to perpendicular to u r, meeting u. v in tc. Lei 
aefh , No. 3 and No. 4, be the edge of a board, out of 
which a bracket is to be formed ; and let abed, efg h, 
be the two faces of the board which comprise the edge 
aefh between them. Draw the right line il perpen- 
dicular to a h or e f intersecting a b in l , and vf in k ; 
and make k i equal to ou\ fig. 3. In No. 3 and No. 4 


given when the right sections of these arc given, ai*J when the 
uiigle which two lines of direction make with each other arc 
given ; hot these will not be sufficient to fix ribs or brackets in their 
situations with regard to the vertical faces ol* the moms and Iho 

{ >lane in the intermediate pnrt of the ceiling.. In this case we must 
'ave given, besides a right section of the cylindrical surface, a 'plan 
and elevation of the springing and coiling lines of each of the two 
cylindrical surfaces. 

The same principles extend to the construction of lathing sur- 
faces, whether they may be coves iu ceilings or otherwise. 
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dr;uv 1 1 » parallel to a A, and in in make r m cuuol to Carpentry. 
on, fig. 3. 1 . ' 

Apply the mould o x, fig. 3, to No. 3 and No 4, so 
tlml the extreme points o and x of the curve, fig. 3 
may be iu the arris line a A, No. 3 and No. 4 ; r h. the 
point o t fig. 3, upon the point q u No. 3 aiid’Xo. 4;’ and 
the point r, fig. 3, upon l iu No 3 ami No. 4. Then 
upon the face abed , in No. 3 and in No. 1, draw the 
curve Ir q. Remove the mould from t he lace abed, 
and place it upon the other face efgh, so that the point 
upon q and l may be in ni ; viz. the point 7 upon /;, and 
l upon m ; then upon the face efgh draw the curve 
m s n. The two curves ns m and qrl are the curves in 
the parallel faces of the bracket. Then the wood nu 
the concave sale being cut away so as to form the cylin- 
drical surface, will give the ranging required. 

Example 3. Fig. 4 is the plan of an equilateial and 
equiangular cylmdric groin ceiling, the ribs across the 
diagonal:? arc in half ribs, ami every half rib is the 
same as an angle bracket upon an external angle. In 
thi« Example the arches are semicircular, amt of the 
same radius as the quadrantal circular arcs, fi^. 2 ami 
3, of the common brackets, and therefore the mould for 
each half angle rib of the groin ceiling is the same as in 
found for the angle ribs, Examples I and 2 ; and, as 
the angles of the groin are all external, the ranging of 
each of the ribs will be found in the stfmc manner as 
the angle bracket, fig. 3; and t hi* will be evident by 
again reading the description to the second Example to 
the groin ceiling, fig. 4, where tile same letters of refer- 
ence an? applied as in fig. 3. 

Example 4. Fig. 5 exhibits the plan of an oblong 
cyliudric groin; No. 9 exhibits the lace mould; No; 3 
and No. 7 the application of the fuce mould to the rang- 
ing of one of the half ribs ; No. 8 and No. 9 the appli- 
cation of the face mould to another of the half ribs which 
form ail acute angle with the former. 

Fig. 0 exhibits an application of the same principles 
to the backing of common or hip rafters/ 


Section VI. 

A proper cylindro cylindric ceiling is a ceiling, or Cylindro 
part of a ceiling, formed by two cylindric surfaces inter- c> limbic 
seeling each other in such u manner that they may have 
lour branches ; and that no part of either of the cUindrie 
surfaces may be comprised within the concave surface of 
the other; and that all the springing lines of the two 
cylindric surfaces and the a\h may be iu one horizontal 
plane, and that the two cylindric surfaces may not have 
a common tangent plane. 

A proper cylindro cylindric ceiling is given when the 
plan of the springing lines are given in a plane parallel 
to the plane which contains them ; and when the right 
sections of the portions of the cylindric surfaces termi- 
nated by the springing lines are given. 

Example. Let a l and s v, pi. v. fig. 7, be the two 
springing lines for one of the cylindric surfaces, and e a, 
ct 9 the two springing lines for the other cylindric sur- 
face ; and let ede be the section of the cylindric surface, 
of which the springing lines are eu and cl; ami let 
flf/s be the section of the cy Undue surface, ol which the 
springing lines are ( / and sv; and let echo the 1 
of the curve c de, and the base ol the tune a 7 
Moreover, let a l intersect cl, and c. 11 in b and / ; then 
A and f are the plans of the springing points ol t.ie 
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Carpentry, intersection upon one side. It is now required to find 
the projection of the two cylindric surfaces. 

In the curve ode take any point d 9 and draw dm 
perpendicular to ce, meeting ce. in m . Draw mn 
parallel to c t or e u ; and from the point o in a s draw 
op perpendicular to as. Make op equal to md, and 
draw pq parallel to att 9 meeting the arc at]* in q. 
Draw q r perpendicular to a s meeting a s in r, and draw 
tn parallel to a l or a r. Then the point n is the pro* 
jecthm of an intermediate point in the curve of which b 
and f are the projections of the springing points. In 
this manner may he found as many points as will be 
necessary to trace the curve b x f, which is the plan of 
the intersection required; and in this manner the plan 
ty u of the opposite intersection will be found. 

The plans of the two intersections are thus found by 
projection ; but, as it is known that the projection of 
two cylindric surfaces are hyperbolas when the right 
sections of both cylindrical surfaces are circular arcs of 
different radii, and when the projection is made upon a 
plane which contains the two axes of the cylindrical sur- 
faces, the intersections may therefore be found imle- 
pendent'of the principles of projection. We shall hero 
show by an example how this is to be done. 

Let the semicircles abc,def fig. 8 and 9, be the 
right sections of the cylindric surfaces, a c utid d f being 
the diameters of these semicircles placed upon the same 
. right lines having lh#same centre, and let gi and hj be 
the springing lines of the cylindric surface which has 
the greatest diameter, and let the springing lines be 
parallel to d f 

Draw em and a n perpendicular to g i or hj, inter- 
secting g i in k and /, and hj in tn and n; and draw b e 
parallel to ac, and a tangent to the semicircle a be. to 
meet the semicircle d ef i u e. Draw au perpendicular 
to df meeting d f in u, and bisect k l in s. Draw .< t 
perpendicular to Ul intersecting m n in t, and in * i make 
• o and t p each equal to fit ; then, having the vertices 
o and p of the two opposite curves of an hyperbola, 
descril>e the curves k o l and m p it ; and these will be the 
projections of the two intersections required. 

Fig. 8 is adapted to the same plan as fig. 7. Jii 
fig. 9 the two cylindric surfaces are neai ly equal; that 
is, their diameters are nearly equal to one another. The 
manner of drawing the two hyperbolic opposite cun cs 
as shown by dividing each ordinate into the same num- 
ber of equal parts, and dividing the ends of the rectangle 
into the same number of equal parts; then, drawing 
right lines from the opposite vertices to these point*, to 
intersect as in the figures.* 

Example. Given the pi ejections of the springing 
lines, the heights of the cylindrical surfaces, and the 
height, of the spheroidal surface above the springing 
plane, which is parallel to the plane of projection, to 

* If two equal sriuirylinilric «urfaecs interned a spheroidal sur- 
face, so that the axis of the semrcylinilrie surlares in ny mtersert each 
other at right angles in the centre of the Kpheroid.fi a nr fare : and that 
the springing lines of the two cy limine hwrfaces, and the splinting 
line of the spheraidal surface, and the two axes of the cylindrical sur- 
faces may he all in the same plane ; and that the springing lino of 
the spheroidal surface may be the circumference of a circle, (if which 
the diameter i* greater than that of either of the cylindrical surfaces, 
and that uo part of any of ihe cylindrical surfaces may he within the 
concave side of the spheroidal surface j such a ceiling is called a 
proper npherot'lo cylindric red my. 

The projections of the fmir curves upon the springing plane, of 
the four intersections of the cylindric surfaces, and the vpheroiriitl 
surface, are hyperbolas, having their axes terminated by the vertices 
of the curves in each pair of opposite projection*. 


find the projections of the intersections of the curved Carpentry, 
surfaces. v -«v-^ 

Let fig. 10, No. 2, be the elevation, and let No. 1 be 
the plan. In No. 1 let APEQ be the springing line of 
the spheroid, amt let t u and If u r be the springing lines 
of one of the cylindric surfaces, x y, x' y f the springing 
lines of the opposite cylindric surfaces; also let vw, 
v f 7o' be the springing lines of the passages in the trans- 
verse direction ; mid let r s, r f /.be the springing lines 
of the opposite end of the transverse direction. In the 
construction of the hyperbolas, which are the projections 
of the intersections of the curved surfaces of the cy lindric 
surfaces, ure given the double ordinates KK\ 1 1', LL', 
and N N\ and the axis B Dnnd X Z, to describe the 
hyperbolas, which being done, let the curves be R'BK, 

(.« II T, 1/ DL, and Y Z M, which will be the projec- 
tions of the intersections of the curved surfaces required 
in the horizontal plane. 

The parts ?/ K N V, r N L ,t\ r' L' IV, and r' I K’ u of 
the plan are pilasters placed under the springing^ be- 
tween the intersections of the curved surfaces. 

In the elevation No. 2, let 0 y be tbe ground line, 
and lei it be perpendicular to PQ, and hence parallel to 
A K, then the right .sections of all llicacylindiic surfaces 
l)eiiig semicircles, the cylindric surfaces of which their 
axes are perpendicular to the elevation will be projected 
into semicircles, of which their diameter will be parallel 
to the ground line. Let this projection be made, and 
let it be g h i, No. 2, and let fh be the radius perpendi- 
cular to'the terminating diameter g i. PioJong g i to a 
and c, and makcyV and j a caJi equal to C A or (’ ft. 

No. I, the radius of the circle of the spheroid contained 
in the springing- plane. Through h draw up. No. 2, 
parallel to at , and draw B />, D d perpendicular to the 
ground line #y to meet up, No. 2, in b and d. Draw 
C c perpendicular to tbe ground line ft y f and from 
cither of these points b or *1, as d with a radius equal to 
fa or fe , cut*!' <■ in g. Draw g .7 intersecting a e in r, 
and make y c equal to v d. Then by means of the axis 
major ar, and the semiaxis minor f c, dcscnlic the semi- 
ellipse a b c d >\ and *i be d a is the section of the sphe- 
roid icquired; Irom this the ribs of the ceiling may be 
constructed. The lines kb and Id are the projections 
of the two intersections of the curved surfaces, of which 
their projections arc the hypcibohc curves k' B K, 

L' D L. ‘ 

Section VII. 

A pvtidcnOvt ceiling is a ceiling consisting of f.ic l Vml«-ni,v« 
portion of a spherical or ot a ''spheroidal sin lace, com- cemag*,. 
pnsed by the veitkal faces of the walls of a room. 

A proper -t phrrical u r spheroidal, pendnitwe ceiling is 
o ceilmg comprised by the vertical facts of the four 
wall* of a room rising firm a rectangular plun, so that 
the inUrsecliim of the vertical diagonal planes of the 
room may pass through the centre of the spherical or 
spheroidal surface. 

A regular, polygonal, spheroidal, pendentire ceiling 
is. a spheroidal surface comprised by the vertical planes 
containing the inner faces of three or more adjacent 
walls, rising from a plane which is a regular polygon in 
such a manner that the axis of rotation of the spheroidal 
surface, being prolonged, may pass through the centre 
of the polygonal plan. 

A proper, quadrangular , , spheroidal, pendrnlive ceil- 
ing is the portion ‘of a spheroidal surface comprised by 
the vertical planes which contain the four inner faces 
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Carpentry. «f a room, of which tlic plan is a rectangle, ami of which 
— ■■v— the vertical, diagonal planes intersect each other in a 
right line containing the axia of rotation (if the spheroidal 
- surface. 

[innirmg The intersection of a spherical or spheroidal surface 
UU! * and the plane of every wall of the room, is called a 
spt i aging curve* 

In tlie construction of pendentive ceilings it will be 
convenient to place all the ribs in vertical planes passing 
through the centre of tile sphere or spheroid ; for in 
this jK)sitiou of fixing the ribs all the ribs maybe formed 
by means of one mould only ; since in this position they 
will all have the same curvature ami will all intersect in 
one point of the spheric surface. In order to divide the 
ribs equally, it will afao be convenient that the vertical 
planes which contain the curves of the ribs may make 
equal angles with one another, and that four of these 
ribs may he in the two diagonal planes. We shall call the 
ribs placed in those planes the diagonal ribs; hence if 
one of the diagonal ribs be found, every radial rib will 
be less than a diagonal rib. 

Example. Let it be required to construct a spherical 
peudculive ceiling over a given square plan ABC ]), 
pi. \i. tig. 2. • 

Then, because the chords of the springing curves arc 
equal to the sides of the plan, and since, in this example 
the sides of the plan are all equal, the chords of the 
springing curves to any side of the plan are equal. 

Draw the diagonal A (\ then A C will be equal to 
the choid of the diagonal ribs. Upon AC us a chord 
describe the arc A e/C of n circle, and the perpen- 
dicular gh from the middle of the chord is equal to the 
perpendicular from the middle of the chord of inch of 
the springing curves. Therefore bisect the chord C D 
of the springing curve upon U I), and draw il perpen- 
dicular to C I). Make i / equal to gh\ and from the 
point /, with a radius equal to ID or / C, describe the 
arc C k D, which will not only be the springing curve 
for the face of the room of which the plan is C D, but 
also for every other face. 

Now since all the radial ribs are of the same cut vature 
and their lengths only differ, and since the curve of a dia- 
gonal rib is given, we have only to cut an tire from the 
curve of the diagonal so as to stand over the pluu required. 
Tims let r he the middle of the curve A e.f C\ and let. m n 
be tlu* plan of one oft he ribs ; also let g m be the radius of 
the horizontal circle upon which this rib is intended to 


* The extremities of nil the springing curves .ire in a plane parallel 
to the horizon, and when the su. face of the ceiling is ephedra), aud 
uheu the plane containing the extremities of the springing curve* 
passes through the centre or 1ho spheie, the springing curves will bo 
all semiiircles. 

If the plane containing the extremities of the springing curves 
be above the centre of the sphere, then the centres of the springing 
curves will he nt the name distance below their chords, as the centre 
of the. spheric surface is below the horizontal plane which contains 
the extreuutus of the springing curves. 

Mi >1 cover, when the surface of u ceiling is spheroidal, and when 
the horizontal plane containing the extremities of the springing 
curies passes thruiigh the centre of the spheroid, and when the axis 
of rotation is in a vertical position, the springing curves in the 
planes which contain the inner fares of the walls of the room arc 
all similar to the curve of the vertical section of the spheroidal sur- 
face passing through the centre. 

A room having a regular or proper pvmlentivu ceiling will admit 
of tins most elegant decorations of pilasters and columns, as ftpj*'ftrs 
from the perspective wew, pi. vi. iig. 1, where A is one of the four 
spherical prudeulivcs which is formed by a horizontal cornice at 'the 
top, and the two architraves bordering upon the springing curves in- 
the planes of two adjacent walls. 


terminate upon. With the radius gtn describe the semi- 
circle dm /, meeting- A C in d ami /, and draw d and 
tj each perpendicular to A C, meeting the curve A r/C 
ill c and/; then A e or C/arc (he portions of the curve 
lor each diagonal lib, In order either lobe tei iniuulvil by 
a horizontal cornice or by a conic skylight in (he middle 
of the ceiling. Again from the centre «■ «inli (he dis- 
tance gn, the length of the plan of a rib, describe the 
are/? />, meeting the diagonal A C in and draw p q per- 
pendicular to A C, meeting* the curve A c/C m 7 ; then 
</« is the portion of the curve of the edge of the rib 
which will stand over mn in the plan. 


Carpentry 


Section VIII. 

A niche, is a recess in a wall generally formed by a Niche, 
cylindric surface standing upon a level surlace and sur- 
mounted by a spheric surface, so that the axis of the 
cyliudrio surface may be vcrtical-and may pass through 
the centre, of the spheric surlace, and that cvlindric and 
spherical surfaces may meet each other in a horizontal 
plane, and that the cylindric and spherical surfaces may 
have the same tangent plane, and that the cylindric and 
spherical surfaces may be terminated each by the vertical 
surface of the wall.* 

Example. In fig. 3, let m, No. 1, be the projection 
of the line in which the verticul planes of the ribs which 
pass through the centre intersect am, the plan of the 
wall, a d g m the projection of the springing horizontal 
arc. Let (his plan be divided into ribs, and let tlic two 
faces of one of these ribs be represented by the right lines 
e 71 and f p. Let the outer circle, in which the back of 
these ribs may be supposed lobe placed, be Ip i. From 
(lie points e and /, in which c n and fh meet the inside 
of the front rib, draw ci and f h perpendicular to cti , 
and let these lines meet the inner curve in g and bl ; 
then gbih shows the joint at the- top; gh and bi 
being the right lines in which this joint terminates upon 
each face of the rib. Of this rib d b is the length of the 
curve on the inside over ed t and d g is the length of the 
curve over / o . Iti this construction, as the bisecting 
planes of the ribs all meet in a vertical axis, the projec- 
tion of this axis is the point/ which is the centre of the 
projections of all the ribs. The construction of the re- 
maining rib will be fuund in the same manner as the 
rib now described. No. 2 is the elevation to the plan 
No. 1. 

Again, because the top or head of the niche is a por- 
tion of a hemisphere of which the springing plane is 

* III (he construction of the head of a spherical niche, since 
the lathing surface of a spherical niche is spherical, as well as the 
apparent surface of the head, the curves of the ribs will be portions 
of the circumference of a circle ; and if the curves of the ribs be in 
places passing through the centre of the sphere, all the edges of 
the ribs which are in the&e planes will have equal curvatures, and, 
consequently, will have equal radii ; moreover, if the ribs lie in ver- 
tical planes which pass through the centre of the sphere, the planes 
or all the ribs will be perpendicular to tho horizontal piano in which 
the cylindric and spherical surfaces terminate). If the surface of the 
wall bo a piano surface, and if it contain the axis of the cylindric 
surface, the curves of "all tha ribs will be quodrantsof circles winch 
will all have tho samo radius ; but if the axis of the cylindnc sur- 
face Tie without the face of tb^ wall, the curves of the ribs md he 
arcs of circles of the same radii, aud these curves will be each h*J*s 
than a quadrant. 

In the plan, tho springing between the cylindr.c and spheric sur- 
faces will be projected into the arc of a circli\_ond all the ribs which 
are iu vertical planes will be projected into right lines, and the it-r- 
tical line in which tho hack ribs intersect will be pi ejected mtoft 
point which will be a common termination for all the back ribs. 

2 n 2 
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(\n j»on<ry. the base* all sections ofthe hemisphere perpendicular to 
this base will be semicircles ; or because the ^tinging 
plane passes through the ctMitre of the sphere, all the 
sections of the spherical surface perpendicular to the 
springing plane will he semicircles ; hence the front rib 
of the niche will be a semicircle for the plane if the wull 
is perpendicular to the springing plane. 

JOINERY. 

Joinery is the art of fixing various pieces of wood 
together, chiefly for such parts of the interior of a build- 
ing a^are exposed to the eye, and which are employed 
in the construction of doors and windows, ami for lbrm- 
ing the various margins round plaster in order to cover 
all external angles, and thereby protect it in its weakest 
parts from injury or accideutsd violence, so as to render 
these parts comfortable, convenient, and agreeable to the 
e)e. 

Joinery may be extended to various decorations both 
exteriorly ami interiorly, as in architraves, bases, sur- 
hascs, pilasters, columns, Ac., as also in the linings of 
walls, or partitions, in the forms of boarding and wain- 1 
seeding, and in the construction of Stairs and hand rails. 

For all these purposes the surfaces which are exposed 
to the eye ought to be made quite smooth, and the joints 
between every two separate pieces of wood perfectly 
close.* 

Section I. 

The best stairs are constructed with an opening 
in the middle of the stair formed by the ends of the 
steps, which are generally all in one surface, rising per- 
pendicularly to the horizon from a given line on the 
floor, which line is called the plan tf (he aid* of the 
steps, ami the open space in the middle of the staircase 
is called the V't'U hole. 

The hand rail it a fence made adjacent to the well 
hole, raised to such a height above the steps and sup- 
ported by vertical bars called balusftrs , as to prevent 
those who ascend or descend from falling through the 
well hole. In the formation of the straight parts the 
workman requires no directions; we shall therefore treat 
only of the construction oi the curved parts, nr of the 
curved part of a rail, and so much of the straight parts 
as .not only give the proper direction or position, hut also 
'afford the best means of fixing the straight and circular 
. parts together. 

A body is said to stand over a given plan when a 
right lme drawn from auy point whatever in the outline 
of the [dan peipnidicular to the horizontal plane, can 
only touch the body thus raised. 

A stair is said to make as manv revolutions as the 
stoiie.s are in number through which the stair is earned, 
and all these revolution.* generally stand over the same 
plan. 

The hand rail is generally prepared in such a manner 
. that the section ot the rail made, by a vertical plane 

* In the ojierations of Joinery, the: field of application of those ex- 
tensive principle*, to which the Art of ('arpeutry has hem so much 
indebted, is narrow and not so generally interesting. We caum/t, 
however, dismiss th » subject without laying before mirreadu* sunn: 
of their further uppbeations, and such as wul he both advantageous 
and agreeable to the pursuits of the ardent student m the general 
know ledge of construction. 

Among these the principles and construction uf band rails will ho 
found of th» greatest utility; we shall therefore invite tin: p\uhr 
to direct his attention to that subject. 


drawn perpendicular to any tangent whatever, to the Carpentry 
convex or concave side of the plan through the point of v — 
contact, may be a rectangle, and that the rectangle niuy 
have two sides perpendicular, and consequently two 
sides parallel to the horizon ; moreover, that eveiy two of 
those rectangular sections niuy have the same hoiizontul 
breadth, The figure of the rail having this property 
is said to he squared. A rail thus squared will have 
four visible sides or faces, of which two are cylindrical 
and stand immediately over the sides of the plan, and of 
which the other two are spiral surfaces, tuid cover the 
area of the plan between its outlines. The convex 
cylindrical surface when extended in piano ought to be 
everywhere of equal breadth. 

The figure of the convex surface extended in piano 
is called a fading mould 

As the curved part of a squared rail is generally put 
together in two parts, so as to form the entire curved 
part, with the addition of a small part of the straight 
rad joining each extremity of the curved part, each part 
may be comprised between two parallel planes, of 
which one may be made to touch one of the spiral sur- 
faces in three points, and the other to touch the other 
spiral surface at least in one point. * 

Then it is evident that the whole rail may be con- 
tained between two cylindrical surfaces and two parallel 
plane surfaces. Therefore the sections of the cylindrical 
surfaces in these parallel planes will be equal ; and since 
the outlines of the plan of the rail are right sections of 
the cylindrical surfaces, we have only to find from the right 
section an oblique section of the two cylindrical sm faces 
in the same position as the two parallel planes would L>c 
when the rail is put in its proper position. A mould 
formed to such a section is called a face mould* 

Example, in a sciuicylindric stair terminating with 
parallel straight walls, let a b cd c f c. . . . «, fig. 5, he 
the plan, the half of the rail over the circular part ; the 
quadrant b c d tf being half the ground line >f the 
semiey lindric surface which contains the convex side of 

* Ill-Ill r, if the pirn- of wood out of which a part of the* rail a, 
t<i tv made, has its thickness equal to distance lodwovu the naiallcl 
planes, ila> rail may he rut out of the wood by applying the bus* 
in mid on each sub* oi the plank in its proper position ; am! ha\uig 
cut away tho superfluous wood, so as to hum the concave and con- 
vex r ,hmiia.\il sm faces, it will onl) lemuin to apply the falling 
uv/uid m its propei position, and then to form the spiral siirf.ues by 
means of the lines drawn upon the cylindnc surface, from die 
tailing mould, and I be part of the rail thus squared, when set up m 
its situation, will .irnnge over iN plan as leqmred. All that is then 
required is to find the tare mould and the tailing mould. 

The position of the plane of svctiou may In* determined by having 
given Inter points on the plan, and the perpendicular height* of the 
right lines standing upon these points to die under spiral nmt.icc of 
the rail. 

From what ha* now been explained, it is expected that the reader 
vri'l h i ve his idea* sufficiently clear to comprehend the construction 
of b.ar.d railing. 

Tin pan of a hand rad must be regulated by the plan of Iho 
sta«is. Th" most general form of a staircase in that oi which the 
vertical of the walls is a semiey Lindric surface, joined at 

e.o*h edg by two plane surfaces, which if prolonged would be tan- 
gents to the a in lindric surface, and are consequently parallel 
to one another ; tlu* staircase is enclosed by a third wall, of which 
the inner i^du-al suriuce is perpendicular to the other two vertical 
surfaces which join the sein icy lindric surface. So thut the plan of 
such u stair is in the form oftlie letter I). Fig. 4, plate vi. exhibit* 
the two projection* of a staircase ami stair as that now described. 

The faces of the steps are ail perpendicular to the interior vertical 
surface of the surrounding wall, therefore m the straight walla they 
are .in parallel planes, and m the circular pint they bend to tho 
fivis of the c) lindric surface. Those steps iii the cylmdric part am 
called winders, and those in the straight part are called titers. 
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the rail, and the quadrant 8 c, the ground line of the 
scmicylindric surface, which contains the concave ver- 
tical surface of the rail, the right lines a b, a /?, the 
groined lines of the planes containing the exterior and 
interior surfaces of the straight parts of the rail, and 
the right lines a a t f e, the ground lines of the vertical 
planes which contain the joints. Moreover, let a, h, * 
be the ground points of three vertical right lines which 
contain the heights of the rail or distances from the plan 
to the under spiral surface ; besides this are given the 
heights above these points to the under spiral surface of 
the rail to find the falling mould, and the face mould, as 
also to show the positions iti which these moulds may 
be applied to the plank. 

In fig. G, draw the right line A D, and in A D make 
A II equal to the breadth of one of the steps in the fliers. 
Draw B C perpendicular to A D, and make II C equal 
to the height of one of the steps. Join A (\ and make 
11 F equal to b a, fig. 5. In the right line A D, tig. G, 
make B D equal to the length of the circular arc bed, e f 
fig. 5, and draw I) K perpendicular to DA. In .I)R 
make D JE equal to the height of as many steps, and 
one more than the half of the circular part of the plan 
contains winders,*aml join E C. Cut off the angle at 
C by the curve G II K, so that C A and CE muy be 
tangents to the curve at G and K. 

The A (i (1 K E is tin- under side of the falling mould. 
Draw the mixed line I J K equidistant from a mixed or 
compound line A II E, wj that the distance between the 
two compound lines may be everywhere equal to the 
breadth of the developcment of the convex cylindric 
surface ot the rail, and these lines will form the falling 
mould required. Prolong II C 1 to meet the under edge 
of the falling mould m II ; and F G, B II, and D E arc 
the three heights ot the rail over the points a 6, «, 
5 - 

It now remains to find the oblique section of the 
cylindric sutfucc by a plane passing through the three 
points of which a % b , i are the tcet. Join t //, fig. fj, ami 
draw b z parallel tot a. Draw the three right lines a n, 
h u\ and <. y perpendicular to c r/, or at any given angle 
with t «, so as to be paiallel with each other, and make 
the right lines a //, b x, and « y, respectively equal to 
F G, It II, and D E, fig, G ; but as the object is to obtain 
the intersection of the plane, which contains the section 
to be found, this object will be found more conveniently 
by making a it, b and i y u certain part of each line. 
Ect therefore a //, b x, and «. #/ be each respectively equal 
to one-third part of FG, IS II, and 1) E, fig. G. In 
tig. 5 join y /?, and draw x s parallel to y n. Piolong 
«-• a aiul y n to meet each other in o, and through the 
points o and z draw the right line T U, which is the in- 
terseclion of the plane which contains the section of the 
rail to be found. Through any convenient point Tin 
T U draw the right line T V perpendicular to T U, and 
draw e l perpendicular to TV, meeting TV in l. Draw 
If perpendicular to TV, and make //'equal to DE, 
fig. G, and iu fig. 5 join E which prolong to W if 
necessary. 

Then a b c d c f may he considered as Jhe base or 
right section of a cylindrical siirtuce, T U the intersection 
of a plane cutting that cylindrical surface, and V T W the 
angle ol inclination of that plane ; it is required to find 
the sections of the cylindric surface upon this* plane. 
This section will be found iu the very same manner as 
that of an angle bracket, or angle rib of a cove coiling, 
and the application of the moulds to the plank will bo 


found in the very same manner as the application of the Carpcntiy. 
moulds to the boards in forming an angle bracket. 

Tlius let the oblique sections of both cylindrical sur- 
faces he found, and let them be a* b* c* d* V f and «' ft 
y'o'c'. Join «' c', and draw pq parallel to TV, and at 
such a distance from TV as may be equal to the thick- 
ness of a plank sufficient to contain the rail, and let p q 
meet l V in q. Draw q r perpendicular to T W, and 
draw c' r parallel to T W, also draw r ft perpendicular to 
a' «/ meeting a' J in s. 

In fig. 7, plate vi., let LMON be the edge of the 
plank, L P Q M the top, NRS O the under face. We 

shall call a' V c' d 1 e* f c' a, iu fig. 5, the face mould. 

Apply the face mould in fig. 5 to the face PLMQ, 
fig. G, of the plank, so that the points a'c\ fig. 5, may 
be upon E M, fig. 7, viz, *■ upon /, and «, fig. 5, upon z % 
fig. 7, and draw Y the figure of the mould. In E M, 
fig. 7, make Z u equal to < ’ s, fig. 5, and in fig. 7 draw 
u w perpendicular to E M, intersecting N O in v. Make 
i? to equal to r s , fig. 5, and draw u x parallel to N O. 

Apply now the face mould so that the points e', a', 
fig. 5, may be in the line to x, fig. 7, the point c' being 
upon to, and the point of upon j\ am! that the entire 
mould may be upon the face N OS IE Then the 
figure of the mould being drawn also upon this side of 
the plank, the two figures thus drawn will be true sec- 
tions of the cylindrical surfaces required, and if the plank 
containing these figures be set tip ir» its real position, 
the curve line a 1 b' </ d f d f\ fig. b, will fall over the 
ground line a b c d e f, and the curve line a [V o </ 
will fall over the curve line « /2 7 e «. 

Having cut away the superfluous wood on the out- 
side of the figures, the two helical surfaces may be formed 
by means of the falling mould, and what remains to be 
done will be understood by the workman. 

The mitre cap of a rail is a piece of wood formed into 
a surface of revolution, in order to terminate a straight 
hand rail, and is generally employed when the stair has 
no well hole.* 

In fig. S assume the point for the projection of the 
axis of rotation, and ficmi s' with a radius equal to the 
radius of the great circle of the mitre cap describe the 
circimifeienoe a of a circle, and this circle will be 
tile projection of the contour of the mitre cap. Draw 
s' s iu any convenient direction for the projection of 1 lie 


* The i»iil is mitrcil into the circular cap, which is of greater 
diameter than the breadth of the straight rail, and the two are 
joined togetliei iu such a manner, that, w hen finished, a vertical sec- 
tion may divide both the rad and the mitre cup into two symmetri- 
cal parts ; and that this plane may pass through the axis of revolu- 
tion of the mitre c/.p, anti longitudinally along the rail; and that the 
hack of the rail, ..tier descending in a right line, may proceed in a 
curve until it becomes level, or has a horizontal tangent at the 
point where it meets the circular cap ; and that the surface of the 
rail and the surface of revolution of the circular cap may meet each 
other in two vertical planes only ; and that the intersection of the 
meeting planes may be in the longitudinal plane which divides the 
hand rail and the mitre cap each into two symmetrical parts. 

Let the plan of the rail and the mitre cap be sio projected that the 
axis of rotation of the mitre cap may Ik* perpendicular to flu* plane 
of projection ; then the piano which divides the part of tlse tail and 
the mitre cap each into two symmetrical parts will be pioierfcd mto » 
right line, and the centre of the mitre cap will be pi ejected »“to a 
point, and the contour of the mitre cap will be projected into a 
circle of which the diameter is equal to the great circle of the mitre 
cap. The point which is the projection of the axis of lotatioii witl be 
the ce utre ot the circle, which is the piojectiou id the contour of the 
mitre c.ip, and the right line* which me the projection ot the plane* 
containing the mitre will be radii of the circle, pruwded these 
planes pass through the axis of rotation as they are s ip posed to uo^ 
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utr\. vertical plane which divides the rail ami the mitre cap 
into two equal parts. Then the projections of the cmi- 
i:>:ir of the sides of the rail will he right lines which 
will not otdy he parallel to the right line, which is tiie 
projection of the s\ in metrical plane, hut will he equi- 
distant from that right line, and on contrary sides of it : 
therefore, through any point s in ss* draw af perpen- 
dicular to ss\ and make mt and sf cadi equal to half 
the breadth of the back of the rail. Draw a a\ f " 
parallel to Vs, meeting* the circle n* t*f o in a* and " and 
a a\ fgmU be the projections ol l he sides of die straight 
rail. 

Let a Lalef r it he a right section of the straight 
rail so placed with regal d to the line a f that af may 
be the greatest hori/nuUl dimension of the right sec- 
tion of the straight rail : hence the right lines in the 
.section which are perpendicular to af will he in plums 
parallel to the plan which divides the rail and cap into 
two symmetrical parts, and therefore the projections of 
these planes ami the ordinates of the right section of the 
rail will all he in right lines parallel to a -s'.* 

The figure au a f'gf may be considered as the pro* 
jection oi the surface S, as well as the projection ol the 
rail and cap, ami a r f may be considered as the intersec- 
tion of one of the mitring planes in the surface S ; 

* therefore the ordinates upon a' f will be equal to their 
corresponding ordinates upon af lienee through any 
point p whatever in a f draw the right line p p parallel 
to * V to meet a f in p. Draw ph perpendicular to a f 
meeting the curve or outline of the right section in h % 
and draw p f h* perpendicular to n' f. Make p f t> equal 

to pb; then the points a\ h\f are in the cuivc of the 
circular cup. In the same manner may be found a 
number of points through which the curve may lie drawn 
with sufficient accuracy; (his being done a! b’ c d’ i J f v* u* 
is the section of the mitre cap required. 

Section II. 

rsof The construction of columns and the hoppers of mills 
in wood, whether mitred or dovetailed. depend upon 
that principle of the trehodrul in which the two right 
faces arc given, to find the inclination opposite to one of 
them or adjacent to the other, and us such subjects fre- 
quently occur in practice, one or two examples will he 
useful to the student in this branch of the art of c on- 
struction. 

Example, Fig*. 9 exhibits the two projections of a 
hopper joined together in the form of a regular square 
pyramid. The horizontal projection containing the plan 
heiusc parallel to the square base of the pyramid, and the 
veitieal plane containing* the elevation being parallel to 
one of the edges of the base and perpendicular to the 
adjacent edges. The base will therefore he projected 


* Let as now supple .1 sin f ice pw.ing ihrot.gli tV.r solid of the 

rail .uni containing ihe righ’ imvnfu* hecdlwl t^c am la* v Sj ah, 1 1, t 
us stippMua UMlical plan** iuUiM jtmg the surfaco S, runl passing 
through an y point whutrvir m n /par dhl to Iho plane of mim-fiy 
to be railed the plane P, <iml let the mt< r&ectrnv of lh.» pl.im: p .unl 
the surface 8 hi* called fho iutcfU'ctinn I ; then Jet the inUrMvtjfu 
I in the piano V divide the section of the rail m the plane l* into 
two »m*h par Im, that the part let ween the iidt r-nclmn I a ad ilm 
kick of the rail may he everywhere of the same bnadth; tliea 
eve . y nglu hue peq eodicolar to the surface S, comprised l.etuveu 
the Miiiiue 8 mid the ciuvod Miifurc* of the rap, will be eqnid to the 
r. tit line in which the iq ihalni* suiftce which contains ilj« perpi-u- 
«!.c*dir, and of which the avis of jotution is also tins axis of ihat 
Cjlin.iric s nr liter, meet s one of the planes of the mitre. 


into a square, and the elevation into an isosceles trian- Caq*e»t»y. 
gle. Let the plan be \ BCD and the elevation K FC5 ; 
the right lino F F being the elevation of the base 
ABC I). In the plan draw the diagonals AC and 
B 1) intersecting each other in the point II and draw 
H i perpendicular to II B. Make H i equal to the 
height of the pyramid hi i in the elevation, and join B /. 

We have now given the angles of the two rigid faces 
II B /, h BC of a right trihedral, to find the dihcdrul 
angle opposite to the right face II BC. 

From any convenient point 11 in the diagonal B D, 
draw 11/ perpendicular to B a meeting B i in j, and 
draw IlC pei peiidicul.ir to B I) meeting BC, or BC 
prolonged in (*. In B I) make II k equal to llj and 
join k C. Then II A* C is the angle of the mitre, and 
the double of the angle h k C will give the angle of tliv 
abutment of the dovetail joint.* 

Fig. to exhibits the lv\o projections of a regular 
octangular pyramid according to the foregoing positions, 
and as the diagram will agree with the same explanation 
it would he unnecessary to proceed further. The 
accented letters in the two diugiums 9 and lit me 
affixed to pyiumids ofless height, and show the method 
of finding the angle of the mitre more clearly. 

By this means a solid of revolution nppioaehing in 
figiue to the frustum of a right cone may he constnuted 
with a series of thick battens of wood. 

For the frustum of a pyramid of which the ha**es aic 
regular polygons may he tunned so as to he easily con- 
verted into that of a right cone By increasing the num- 
Ixt of sides, nnd by making the planes of the Hdr*. at 
equal angles with the pl na *« of the bases, this convei- 
siou will he more easily effected. 

Ami since this fru ;un« is evidctitiy the figure ol :\ 
roof hipped on all sides having the planes of the cover 
ing at equal angles with the plane of th** horizon, and 
the outer edges of the tops id the walls in the form of 
a regular polygon, the angle contained by any two ad- 
jacent planes of the sides of the pvramid will he h.uml 
in the same manner from the angle made by two sides 
of the poUiri . 1 , and the inclination of the face of the 
pvramid to the plane, of ilm base, :«s the angle at the 
flipped edge ol a roof is found from the angh- mad** by 
tin* two adjacent walls, and this engle made by any of 
the .doping sides of the coveting, a nd the plane oi the 
top of the walls. 

With respect to the polygonal frustum under consi- 
deration, the angle cont;:,md by tie pl:ou-‘ : ol two ad- 
jacent skies being found, the huh of it wdl he ihodihc- 
drnl angle made hy the ou*ei lace .md the Mirhuc of tins 
edge of each batten. I’be length of c.uli batten at the 
edge will he found m the same manner as the length of 
the hip line of a loot', and the breadth of n batten ut 
cacii end will he equal to the side of the polygon at the 
corn ■>} aiding end. 


* .Sum dmo j for want nf rente it may nut always k* ermumntt 
lo use (hiitiiiiit* C.i-stanee Ati. figures 11;, .el 10, .ltul Mutv all th.tt is 
rtrjtnri'ri is to ti/ul tin* uu^l«* Ji 15 i ••ftl.i* vertic.il l‘mv: theu loie iu 
the ease o*' ig'.re lunm being ctjuinxl, *uaw titan any r«»ivi>iiicut 
point i in tie elevation s m lolicukr tu K F meetm^ K (i in nt t 
and draw t n p» j rjK j ndu*ulur to 3 i F i m eting H |> m n. Draw .t u 
perpcmlirulur to if 11, and nmkc no equal to i m. Join Ho, th.-n Ho 
ami H i jjre in the sarnu ri^ht line ; hi-mv /< if o and h If « make th« 
sATiio angle. Draw nu perpmitierlar to Jf f meeting JJi m v, ar.d 
in If II make >i / equal to ns. Draw » e |U‘r{Xi\dieul*tr to It H rceft- 
iug if U in **, «u id J nu t f. Then t!iu angles n $ C and n /e are 
equal. 
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Carpentry* The battens being all properly diminished, and the 
surfaces of the faces and edges made to form the angle 
required, the parts' when joined together will be the 
frustum of a pyramid, which will l»c easily converted into 
that of a right cone by reducing* the angles and thereby 
leaving a regular curved surface in place of them. 

Hence the shaft of a column may easily be con- 
structed upon this principle; first, by making it iu the 
form of the frustum of a pyramid, and then by rounding 
off the angles.* 

The following observations on the application of the 
principles to practice will be found of signal use to the 
young architect, builder, or workman. # 

A working drawing is a representation of the whole 
or of some part of a building on a plane surface, and 
limy either be a plan or elevation, a section or a deve- 
lopemenl of the parts required to be put in execution. 
The constructive lines in Caipcntry arc generally dc- 
velopements of certain difficult parts of an object or 
building. A dcvelopement, though drawn upon the 
same plane, consists of one or mote sections of t he 
object in different planes, these sections being supposed 
to be raised to the proper angles which they make in 


the object itself upon certain lines which lire in the Carpentry, 
plane upon which the drawing is made. s ^ — -• 

Having fully explained the theory and practice of 
Carpentry and Joinery, the reader will now be prepared 
to apply the principles of this theory to real buildings. 

In conclusions it may be useful to give a short con- 
nected abstract of the whole principles before enumerated, 
and to point out their applications to practice. 

* Developable surfaces of cylinders ami cones arc not 
only applied to the formation of arched soffits in the 
apertures of doors and windows, but a No to the cover- 
ings of circular .roofs and domes. Viiable moulds 
made with such sin faces are used in Joinery for the 
construction of hand rails, and in masonry to form the 
conical beds of the sfuties of a dome, and the intrudos of 
the stones of an oblique arch. 

The sections of solids are applied in constructing the 
angle ribs, brackets of roofs groins, and of coved 
ceilings. 

The trchedral is applied in roofing to” find the angles 
at the junctions of the timbers and the backings of the 
hip rafters, as also in masonry to form the beds of the 
stones of oblique arches. 
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Portificiu Fortification, in the strictest acceptance of the term, 
tion. j s u Sua l]y limited to the Art of constructing' such works 
of 'defence, as may enable a body oft" men to maintain 
orthe^iiT l ^ e possession of a city, or of any military post or line 
or Science of country, against the assaults of a superior numerical 
of Fount i- force. But in a more enlarged sense, Fortification 
cation. embraces also the Science, of attacking and delendiug 
the constructions which it creates ; and in this view, 
therefore, its uses involve a very principal part of the 
whole business of warfare. The Art of fortifying lias 
often boon eulogized, by its professors at least, as that 
exercise of maitinl skill which merits the unqualified 
applause of humanity: by reason of its being employed 
for the. protection of the feeble against the oppression of 
the strong. The severer judgment of History will de- 
tract from much of this boast. Fortification, at the most 
favourable estimate, must only share the praise or re- 
proach which justly attaches to the military Art in ge- 
neral, according as it is honoured or disgraced by the 
purposes to which it is devoted. Defensive structures 
were, doubtless, originally the resource of the weak : but 
they have been full as often erected to rivet the yoke of 


conquest and servitude, as to cement the proud security FortiGca- 
of a free people ; nor, in the confusion and frequency of 1,0IU 
international wars, would it be easy to measure the 
moral benefits of an Art which, obeying the shilling vi- 
cissitudes of human events, is used alternately to resist 
invasion and to consolidate tyranny. 

Such considerations may be safely abandoned to the 
idleness of professional enthusiasts: they tend to no prac- 
tical result, and suggest no lessons of improvement. 

As a preliminary to any attempt to give an acquaintance Proposed 
with the general principles of Fortification in its present 
state, it is far more interesting and useful to trace the u su ,J,t * 
progress — or, as a lively foreign writer has termed it, 
the Natural History — of the Art through its connection 
with the military and political fortunes of Empires; 
and before, therefore, wo enter into some analysis of the 
existing principles of warlike const ructions and the esta- 
blished rules of Science by which they arc assailed and 
defended, vve shall endeavour to prepare the reader for 
a clearer comprehension of the subject, by a rapid sketch 
of the changes which the method of fortifying has under- 
gone in ditlerciil Ages of the World. 


PART I. 


HISTORY OF THE 

CHAPTER I. ’ 

Fortifications cf the Ancients . 

Obvious In this retrospect to the earliest known modes ot de- 
wiginof fence, we shall not imitate those Writers who have ima- 
tion Ca " £ ,ncc * ,l necessary to elucidate with oracular wisdom the 
u "' origin of Fortification itself. Unquestionably vve shall 
not deny, and still less shall we proceed to prSfe, the 
grave and palpable truism which such profound roasoners 
have laboriously enunciated: — that the Art of fortifying 
owed its primitive necessity and its rise to the violence 
and the wickedness of mankind. We may be content 
with the assurance, that the saine want of individual 
security against the oppression and rapine of the 
stronger, which in the rudest stages of Society kept 
men united in families and communities, would dictate 
Fir*t expe- *' ,rs * expedients for collective defence ; that the Name 
dien U for Art which reared the first hovels for human habitation, 
defence. would prompt the idea of encircling the congregated 
dwellings of the Tribe for the public security with a 
wall or a fence of similar materials and structure. The 
nightly depredations ol* wild beasts, the incursions of 
human enemies hardly less ferocious, would equally 
suggest to the most untutored Savages the necessity of 
such an enclosure for the protection of their flocks and 
herds, their women, their children, and themselves. In. 
a word, the impulse of self-preservation, which is im- 
planted by Nature in the human breast, would load* 
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men in their wildest state to oppose to the fierce inroads 
of brute force such obstructions, as might place their 
lives aud property in security from sudden destruction, 
and compensate for disparity of numbers and physical 
strength. Those obstructions, whatever might be their 
form or kind, were, in effect, Intrenchments ; and the 
craft which disposed aud fashioned them already consti- 
tuted the Art of Fortification. That Art may therefore 
be said to have originated with Society itself; the first 
expedients for its improvement would be contemporary 
witli the earliest efforts of human ingenuity and contriv- 
ance ; and, it need not be added, that its principles of 
construction have always kept pace with the general 
progress of Civilization and the discoveries of Mechanical 
Science. 

It would not, perhaps, be very important to determine Their mafe- 
with exaclitu it 1 , even if vve possessed the means of so J ,ftIa ni “ 1 
doing, the nature and form of the very earliest fortifi- orm> 
cations. But we shall probably collect a sufficient 
idea of their qualities, by the analogy which may 
be supposed to subsist between them and the rudest 
essays of flic Art, observable among the savage people 
of different quarters of the Globe in recent times. The 
materials of the most ancient and simple fortifications 
wore, no doubt, those on which, indeed, the modern 
engineer, with all his science, is still obliged, in his 
field operations, chiefly to rely : — earth and wood. 

To clubs and stones, the first offensive weapons among 
Barbarians, u bank and ditch, or a single row of strong 
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Fortifies- stales, or trunks of trees, might offer a more than 
tion - sufficient resistance. But as soon as the assailant 

Earned also to assist his animal strength with .even the 
simplest expedients of Art, additional solidity and inge- 
nuity became requisite for security in the construction of 
works of defence.* In New Zealand, Cook observed the 
hippahSs or village-forts of the n&fives, placed on heights 
and in commanding situations, but consisting of only 
a single enclosure of trunks of trees strongly and closely 
set on end in the grouud, with a slight inclination in- 
wards. This fence was lined at intervals by interior 
platforms or stages raised to within three or four feet 
of its summit, from which its defenders, themselves 
covered to the breast, could hurl their stones and javelins 
on the assailants below. At the outset of the conquest of 
Mexico, Cortes and his followers (a. d. 1519) fouhd 
the defences of Tobasco, a town of* some size on the 
American Continent, yet more simple in construction than 
those which we have instanced among the Savages of New 
Zealand. That. Indian fortress was composer] of only 
a circular enclosure or stockade of large trunks of trees set 
upright, with small apertures through which arrows might 
be discharged. t The ancient nitrenchrnents of Kani 
Sigeth, and Temifrtvar, in Hungary and Turkey, os they 
existed so late as a. i>. 17Q0, are said to have afforded 
a specimen of barbarian Art but a step more advanced. 
These consisted of a double line of strong piles,' having 
the interval between them filled with the earth of the 
ditch which had been excavated in front ; the outer row 
of piles being* left highest, to serve as a sort of parapet 
or breastwork for the defenders on the terrace or ram- 
pa it. A remarkable similarity to this construction was 
shown in the intrench ments of the Burmese during our 
late war in Ava. Their common breastworks were 
formed of a double line of stakes or hurdle work, the 
intermediate space of which was filled with earth ; and 
their stockades or palisaded redoubts from ten to twenty 
feet high, whose assault in an uncleared and difficult 
Country cost the lives of so many of our gallant Country- 
men, were built much in the same maimer as those 
ancient Hungarian works. 

Progress of Such examples may suffice to exhibit the natural in- 
tho Art. fancy of the Art in all Countries and Times. The 
next improvement in military defence would obviously 
be coeval with the first emploj ment of masonry iu Civil 
Walls nnd Architecture. Against the assaults of an enemy unpro- 
tiiwusiif vided with ponderous missiles, a simple wall of stone 

inusuiny. or b r j c k would form a more lofty and durable rampart' 

than] in trench ments of earth or wood ; its height would 
increase the difficulty of escalade; and the invention of 
battering engines for its demolition would only impose 
the necessity of an additional thickness and strength in 
its construction. But the defence was still extremely 
defective, as long up the besieged, from behind the sum- 
mit of their w&ll, were altogether unable to see the 
assailants at its exterior base ; and this inconvenience 
produced the expedient of a flanking or aide defence : — 
a condition that may be said to form the main principle 
See plate ii. of the Art. To obtain a* flanking defence for the wall, 
^ massive towers of masonry were built at alMts angles 

* As an ancient example of this first improvement in Fortifica- 
tion may be mentioned the strong-hold of the l)rilian9, a People* who 
inhabited the shores of the Buxine : this is descrilwd by Xenophon 
(JnabaM is, fib. tv.) at surrounded by a ditch and rampart, on >vhich 
were palisades and wooden towers. 

|^B. Bias de Castillo, Nisi, tUit r Cowptuta dt ta Nuevo Etpagn* , 
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and on each side of its gates ; and these towers besides Foriifica- 
being made to project for that purpose in front of the tion. 
wall, were constructed of superior height so as to com- 
mand or overlook every part of it. The use of towers, im,„ c . 
indeed, in Fortification may be pronounced of iminc- mi-md .mti- 
morial antiquity : for there urc innumerable notices of ‘^“Jy *»f 
their existence on the walls of fortresses in the earliest ' lL " ' 
records, sacred and profane: in the Historical books of 
the Old .Testament, and in the Iliad . In later Ages 
they were made sometimes square, hexagonal, and 
octangular: but the preference was generally given to 
the circular over any of these forms, us best adapted to 
resist the shock of battering engines.* 

Another invention of uncertain but less remote date M&ch’.cules 
was employed to increase the power of the dir erf defence, 
and to enable the besieged to see down to the base of the 
towers and walls. Along the summit of all the works, 
and overhanging the main mass, was constructed a nar- 
row gallery, supported by corbels or stone brackets, 
through the pierced floor of which every kind of missile 
might be showered upon the heads of the assailant be- 
low, who should attempt either to scale or undermine 
the walls. These machivoles , or projecting galleries, ■ 
still presented to the country the parapet or battlement 
that always crowned the walls, with apertures for the 
discharge of arrows and javelins at the assailants in . 
front ; and a lower gallery also often ran through the 
thickness itself of the wall near its top, pierced with 
loopholes for the same purpose,’ and arched and open 
towards the interior. t A wide and deep moat, either and moats, 
filled with water, or dry where the level of the Country 
denied that resource, swept round the whole circuit of 
the walls, and completed the defence. 

Such, whatever variety there might be in the details, For an idea 
and whatever gradual improvement in the process of of the genu- 
construction, continued the general character of fortresses ral Appear- 
and the principles on which their defence was regulated, 
from almost the earliest epochs of authentic History fortresses, 
even until after the invention of gunpowder. The walls see plate i. 
of Pitstunvwhich are pronounced by the best Classical fig- 1* 
Antiquaries to belong to a period far more remote 
than the Age of Grecian civilisation, are surmounted at 
intervals with the circular tower ; and these stupendous 
remains do not differ greatly as fortifications from the 
structures of much later times. This common agree- 
ment of the modes of defence, which seems to have ob- 
tained iat a very distant Age throughout the Western 
parts <n Asia, and the European and African shores of 
the Mediterranean, may justify the opinion that the first 
improvements in Fortification, as in other Arts, were 
derived from the East But whatever was the origin of 
the general system of fortifying among the ^vilizcd 
Nations of Antiquity, it -was from the vigorous intel- 
ligence and warlike spirit of the Grecian and Homan 
mind, that it attained all the perfection of which it was 
susceptible, whether in attack or defence ; and it is m 
the records of the achievements and knowledge of those 
People alone, that we can. gather the traces of the an- 
cient Science. 

It would, however, be to little purpose to fatigue the 

* Vitruvius, hook i. c. 5. 

f Such & passage still appears in the remains of Aurelian’s walls 
at Home. Ncwtcm on fTtruvius, lib. ». c. 5. 

A modem traveller describes a similar kind of gallery with aper- 
tures for the discharge of missiles in the mins of the walk of 
Tirynthus near Argos, a construction of great antiquity, lingoes* 

IYmxts in Greece, 4*c. 
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Fortifies- general reader with minute details, even from Grecian 
tion. and Roman examples, of the ancient system of fortify- 
~ ' ing; and a very few further remarks on its conditions 

Fortifica* w iU be all we shall oiler. In the tracing or ground- 

Greeksaud P^ an of 1hc works » il doeB not a PP car any fixed 
Homans. rules were followed, as in modern constructions. The 
Configure- configuration of the walls was ' usually determined by 
tion, the accidents of the site ; or if any geueral disposition 
was preferred, it seems to have been merely an irregular 
succession of salient (or projecting) and re-entering 
angles, flanked by towers. This arrangement, from its 
frequent adoption, must have been generally considered 
most advantageous for an obstinate defence : though 
Vitruvius* recommends the outline which most resem- 
bles a circle, and proscribes very salient angles as easiest 
to attack and most difficult to defend. Under any cir- 
cumstances it was a natural rule that tiic towers should 


It was doubtless for the purpose of obtaining a more Fortifies* 
spacious rampart for the placing of these engines, as v tjH 1 1 * j 
well as for increasing the bower of resistance to the bat- faeadthof 
tering rum, that the expedient of raising an inner tor all ra ^p ar t ro 
of masonry parallel to the outer, and filling file interval qnired. 
with rammed earth and rubbish, was often adopted. 

Thus the walls of the Piroeus and of Byzantium were 
twenty feet broad; those, of Nineveh thirty foet ; and 
those of Babylon, which are described by Historians as 
seventy feet in thickness, were probably built it, this • 
manner. The ramparts of Bourges were forty foet thick ; 
and Caesar lias detailed their mode of construction, 
which ho declares was common to almost all the Gaulish 
cities. They were built of trunks of trees laid in hori- 
zontal raws, two feet asunder across the thickness, 
and of alternate courses of stories and well-trodden 
earth ; nnd the outside of the rampart was clothed with 


not be further apart than the range of the ordinary mis- 
siles of the infantry in order that every part of the in- 
tervening walls might be covered by their flanking dis- 
charged 

height, ana The height of the walls secm9 never to have” been 
determined by any general rule, and differed in all sorts 
of examples and circumstances. Ilerodotust gives to 
the ramparts of Babylon the enormous elevation of 
three hundred and fifty feet. Xenophon § says ^the 
works of Larissa on the Tigris were one hundred Yeet 
high, and those of the Median wall nctir Babylon of the 
same eleYation.|| But, without multiplying citations, it 
may be sufficient to observe, that modern commentators 
have been led to consider about one hundred and twenty 
feet as the mean height of the ramparts of Antiquity; 
and it is only in Asiatic constructions, which seem 
usually to have been formed on more gigantic propor- 
tions than those of Europe, that many instances are 
thickness of recorded of » greater elevation. The thickness, like the 
their walls, height, of walls was various : but to afford space for 
the passage of armed men on the summit behind the 
parapet or battlements, and through the lower galleries, 
os well as to resist the assaults of the battering ram, it 
could scarcely iu any case be less than eight or tert feet. 
But it was certainly often far greater; nor for the 
placing and working of the defensive engines could that 
breadth have sufficed. It has been disputed, indeed, in 
what manner these engines were disposed, and doubted 
whether they were ever placed on the walls: but 
though such as threw’ stones might cast their missiles 
from interior terraces or mounds over the walls like the 
modern mortar, there were others, for the discharge of 
darts and iron-pointed beams, which must assuredly 
have been used, with a horizontal or point-blank direc- 
tion, through apertures on the summits aiul in the thick- 
ness of the works. *| ‘ ' 



• Ubi luprh. 

t This rouge probably did not, in general, exceed one hundred 
feet; and for one example we find in effect that the distance 
between Caworti towehi in hie lines before Aleaia (not at the siege 
; r of Boor g«* afr Newton has erroneously stated) was eighty feet. be 
JSUlo Gat/ico, lib. vii. The wooden towers coniitrtieted to utrengthAi 
the retrenchments dt armies were, however, frequently further ' 
asunder; those raised by Philip of Mhcedou at the siege of 
Thebes in -Fbthiotie wore one hundred poets from each other. * 
t i BolybiaS, Mb. v* * & ^ 

v* | Ana&fr ity't&iU. V - ■ „ 

'slSE! w#.- 

- , i $#' Romans there was .an express distortion even in 

terms between the fmkrwwm ot mete openings in the battlement* 


a thick wall of masonry, in which the ends of the beams 
were imbedded. This mode of building was admirably 
adapted for n good defence ; because the timber resisted 
the efforts of the battering engines’, while it was secured 
from conflagration by its admixture with the earth and 
stone.* Vitruvius recommends the use of scorched 
olive piles for the same purpose; as* that wood is un- 
affected by the weather, by rot, and by age. But in the 
mast massive constructions, he advises the introduction 
of transverse walls to bind the external and interior 
faces of the rampart, disposed between them either per- 
pendicularly like the teeth of a comb, or obliquel) in the 
manner of those of a saw.t 

When a city happened not to be advantageously situ- BiaiMe and 
ated for resistance, or when its wealth and importance tuple mcuit 
suggested a more, elaborate provision for defence than * 
a single circuit of towers and walls, a double or even 
triple envelope of works was constructed. Of these 
we have instances in Jerusalem and in Rhodes ; while 
Ecbatnua, the Capital of Media, was surrounded with no 
fewer than seven enclosures of ram part. J A citadel in 
the interior of a fortress, or formed on the least accessible 
part of its circuit, was as common a resource, for se- 
curing a last refuge to the garrison, or for overawing the 
citizens themselves if disaffected, as in modern times. 

And, not (infrequently, the several quarters and suburbs 
of a large city formed so many distinct fortresses : while 
sometimes a chain of detached works covered the heights 
which commanded the approaches to the place, or, in 
maritime sitnations, defended the entrance of ports, or 
foe mouths of rivers. 

For a single example, exhibiting all these provisions Example of 
of defence, we need only cite the fortifications of Syra- Syracuse, 
cuse, which Nature and Art had conspired to render 
one of the strongest places of antiquity, and which de- 
serves particular notice in Military History for its 
resistance In thtee memorable sieges to the arms of the 413. 
most warlike awl scientific assailants pf the tiines-~the S9fi. 
Greeks, the Carthaginians, and the Romans, In all 212. 

these siege*, pf which the first and last (by the Athenians 

1 — ' - 

at the top of walls, and the port-fo/a, or aperture^ with which the 
successive staget of the towers wore pierced : the former were called 
arena, the UiUei/enedret, Ffom Caesar w find positive evidence 
that, in tower* of .attack; engine* were placed which discharged 
their missile* through poH&rie*. In the towns raised at the siegd 
of Marseilles, it is said, /tnertrm^e qutbut in lode % visum si/, ad 
torment* mitten#* tirvend* telbucnmt, Be Bello Cm& lifa.iL 

•jOsesar, De Beth Qultioa, lib, viL 
1 of Constantino's wall* at Borne show the remains of 

mm transverse walls. Newton on Fitntpim, M tup, opts 7* 

* Herodotus ubtsttp, 1 - / 1 
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Fortifi'A- under Nicies, and by the Romans under Marcellus) 
Add. must be familiar 16 /every reader, the defence may be 
v— ' declared to have been successful t the* besieging arm a- 
ment df the Carthaginians tinder Tmikon» like that of 
the Athenians under Nietos* was rfcptftned and de- 
stroyed ;* and it was not until the genius of Archimedes 
had baffled the assaults of the Romans* and long after 
they had been compelled to convert the siege into a 
blockade* that Marceilus carried the place by surprise. 
The mainJand City of Syracuse was seated on the North- 
ern side of its fine port* at the entrance of which lay the 
See pi. ii. Island of Ortygia, (a) separating it into two harbours ; . 
%■ 3. the lesser, or that between the Island and the City, being 
thus divided from the rest of the bay. Ortygia consti- 
tuted the chief maritime defence of the City ; it con- 
tained the citadel and arsenal* insured the command of 
the two ports* and -was therefore altogether so much 
regarded as the key of the whole City, that the Romans, 
after obtaining possession of the place* never suffered 
a Syracusan to inhabit it. Ret ween the first and second 
sieges* Dionysius the Elder built a dam from the main- 
shore to the Island across the inner entrance of the little 
harbour, by which it had communicated with the great 
port.; while the*pussage from the sea was closed by- a 
wall or pier, with gates which admitted only a single 
vessel at a time. The little port, which was capable 
of containing sixty of the largest war-galleys, was thus, 
in fact, completely embraced within the fortifications. 
The entrance of the great port from the sea was likewise, 
at a later period, defended as well b) a strong* fort {/) 
on the Southern main-land promontory of Plemmyrium, 
as by that end of the Island ; while the castle of Olym- 
piiftum ( g ) at the bottom of the bay further commanded 
its interior shore. The main land City of Syracuse itself 
was composed of four distinct quarters, each fbrtified . 
separately, while the whole was enclosed by a common 
envelope of lofty walls and towers: Achradina (5) 
facing the sea to the East, ami farming the whole 
lower breadth of the City; Neapolis (c) and Typhe (d) 
adjoining it, and presenting their exterior walls to the 
•* great port” and the North respectively ; and Epipohn 
(<?) crowning the Westward heights. The security of 
the last quarter, which was almost encircled by nature 
with a chain of crags and precipices towards (ho country, 
had been strangely neglected ; so that the Athenians, la 
the first siege, were suffered to establish themselves in 
it : but it also was fortified by Dionysius with such 
strength as to cover, the lower quarters of the City, and 
to render the heights themselves* and the whole place, 
impregnable from that side. 

A neiuut After this brief and general explanation of the ancient 

xmniet, of at- manner of fortifying, it is necessary to offer a similar 
tack. illustration of the mode iu which the attack of places 
was conducted. In the undent, in the modern 
.Science of Fortification, the system of attack was na- 
turally regulated according to the method and form of 
defence which it was requisite to overcome. In the 
absence of any sufficient means of forcing a passage 
through a solid rampart too lofty for escalade, . the 
first expedient, ^perhaps, which might present itself 
to an* assailant would be, to commence a mound or 
bank of earth before the place, to increase and carry 
forward ttof mass until It touched the wfilte, a&4 was 
raised to the levd of tfedr mttmit, and thus to pour 
hie whole force of 'ntimbers ouef the defences upon the 

*■£* 

Diodpxus Siculus* hb. xi v. c» 61 — Tfi. 


besieged. Such, accordingly, we find was the earliest Fortifier 
inode of attack which is recorded in the authentic H istory tiou - 
of Mankind ; and such, indeed, continued to be one of w 
the common expedients of assault, even in the most 
scientific Ages of Classical Antiquity, A passage in 
Holy Writ seems clearly to point to the existence of this 
mode of attack, even as early as the Age of Moses* 
fifteen centuries .before Christ, where the Israelites are 
commanded, in besieging a city, to cut down such trees 
only as are hot fruit-bearing, and* to ** bvild bulwarks 
against the city" until it be subdued ;• but y«*t more 
expressly the denunciation against Sennacherib. King 
of Assyria, that he “ should not shoot an arrow into 
Jerusalem, rior come before it with a shield, nor cast a 
bank against i<;*t proves that, at least 6cven hundred 
years before Christ, this whs the ordinary process of a 
siege in the Countries of the East. 

At what period the' next contrivance which might -■ B >‘ hilf - 
occur to a besieger was invented — that of machines for 
effecting an entrance into the place hy heating down a giu,.^ 
part of the walls, or the use by both parties of great 
engines for hurling masses of stone and other missiles 
upon their adversaries, it is difficult to determine. 

"These inventions were probably not known in the Ago 
df Homer, since no mention of them 1 is made in the 
Iliad , where their use would naturally have found a 
place in the vivid picturing and minute description of 
the combats before the walls of Troy. But in Sacred 
History we find them numbered, within four hundred 
years after the era of the siege of Tlroy, among the 
means provided for the defence of Jerusalem by King 
I T zziah, (about b. c. 800,) who ** made in Jerusalem 
engines invented by cunning men, to be on the towers 
and upon the bulwarks, to shoot arrows and great stones 
w.itmV'j H however, probable that such engines 
were not then for the first time constructed ; and wc 
nmy therefore refer their invention to an intermediate 
period between the collection of the Homeric Poems 
and the reign ofUzziah in Palestine, that is, about a 
thousand years before the Christian Era. 

After these references to the obscure practice of remote Process of 
Antiquity, wfe’ pass at once to the mature state of the tt . n anriwt 
fietenco of offensive and defensive Fortification, as ex- bURC * 
hibited in Grecian and Homan warfare. It would far 
exceed our limits, and otherwise, indeed, it would not 
answer any useful purpose, to mark with chronological 
precision the fluctuations of the Science during what arc 
commonly understood as the Ages of civilized Antiquity, 
from about the gh»at Persian invasion of Greece to the 
fail of the Western Empire of Rome ; and, therefore, in 
briefly describing the process of an ancient siege, we shall 
refer less to examples of any particular than tc 

the general perfection whidh waft attained in the whole 
period. Iii commencing ufortnal Siege on a great Lines of cir- 
scale, the first operation of the assailants,, or mode of £ umvftlI . a ~ 
investing a fcityy Was to Amur round it a double line of ^travalV 
earthen intrenchments ot ramparts : the one facing the tioa* 
country, the other the place ; and the intermediate space 
foraging the campy and containing the troops, the 


* Deuteronomy ch. xx. ?or. 20. 

t 2 JKino*) eh. la. ver 32t So also tm expression to JowrowUi 
identifies the sense of tho two passages above quoted; “ tlcw y* 
doUm frees and cant a moim# before Jerusalem.” Ch. y». vyr. 8* 

1 2 Chron. dh. xxri. vcr.15. We Votfevu that a passage to Exehr’i 
out ftw hundred years later, contains the earikst e^ptc 5 ** rormion 
by' h&tno of the bittortog rain* that is any when* to bo wv.n«* 
i«ft eh. w. vet. %. 
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engines, and the whole materiel of stores of the be- 
siegers. The object of the outer circuit, or line of cir- 
cumvallation , being to prevent the introduction of. sup- 
plies to the garrison, or the relief of the place by an 
army frpm without ; that of the inner, or line of contra - 
r dilation % to confine the besieged to their walls, and 
secure the camp from their sallies. Against a place of 
great strength, or whenever the design was rather to 
reduce the besieged to the necessity of surrendering by 
the slow operation of famine, than to carry their de- 
fences by rapid assault, both the linos of circumvalla- 
tion and contravallalion were built with flanking towers 
at intervals, like regular defensive fortifications ; and 
this laborious* and tedious process of permanent block- 
ade was, in fact, only the partial or entire enclosure of 
the fortress besieged within a second of similar construc- 
tion. The distance of the circiunvall&tion from the 
place was usually from nine hundred to one thousand 
yards; .and both Greeks and Romans seem in nil eases 
to have given great care and solidity to the formation 
of their in trench nients. At about six hundred yards 
from the place, a numerous guard was usually placed 
to repel sallies and protect the progress of t lie attack.* 

Covered by these supports, the assailants, if an active 
siege were intended, began to carry forward their various 
woiks and engines of offence towards the walls. These 
were the mounds or a^gerett already noticed ; covered 
lines or galleries of approach and communication, being 
either excavated trenches or, more commonly, blinds of 
carpentry, hides, &e. the rineat of the Romans ; sub- 
terranean passages or mines ; balistic and battering 
engines, the principal of which we shall enumerate; 
and, lastly, movable towers and other covered buildings, 
composed of strong timber, hides, haircloth, &c., on 
rollers and wheels. On the exact uaturc and form of 
several of these processes and constructions, modern 
opinions arc much divided ; and the laborious zeal of 
commentators has vainly endea\ on red to illustrate satisfac- 
torily descriptions of the ancient Writers, which, in the 
absence of plates, are neccssaiily obscure and uncertain, 
and which very few sculptured trophies or other monu- 
ments have survived to explain. In the last Century, 
particularly, the conflicting' judgment of the military 
world was curiously excited in a controversy, which was 
first produced by the theory of the celebrated Chevalier 
de Folard. That enthusiastic soldier and devoted an- 
tiquary, with some Classical learning, and much pro- 
fessional knowledge, but with still more Imagination, 
endeavoured, in bis Commentary on Polybius, not only 
to demonstrate the superiority of the Ancients in the 
whole Art of War, but to depreciate the efforts of modern 
strategical Science into a mere imitation of their prin- 
ciples and practice. In his theory, therefore, the ope- 
rations of a modern siege seemed blit the copy of the 
ancient attack: the balistic engines were disposed by 
his fancy, like batteries of cannon and mortars ; the 
vinca were the parallels and approaches of our modern 
trenches ; the agqere*. cavaliers or raided i n trench- 
merits ; and the mines similar iu construction and pur- 
pose, to the appalling expedients of these gunpowder 
Ages. 

The theory of Folard was assailed after his death by 


• Cff s.tr always olnwrml this precaution. See liis declaration, 

especially »t tins siege of Rourge^. lib. vii. u Institute L'cesant dux 
vynper tegiones prz rosins cxeububunt .** 


Guischardt,* a Dutch Officer of equal learning and 
cooler judgment, who exposed the extravagance of many 
of his conclusions, and established a superior reputation 
for accuracy and success ns a commentator on the Mili- 
tary Art of the Ancients. Jn the degree in which lie 
strained many passages from the Classical Authorities 
to the establishment of & favourite theory, no one, we 
believe, now doubts that Folard was wrong: but Utiis- 
ebardt, it can as little be denied, was led, in the usual 
eagerness of refutation, to the opposite extreme of error; 
and, in the conduct of sieges, ut least, there are many 
more traces of coincidence between the ancient and 
modern practice, notwithstanding the vast change 
effected by the discovery of gunpowder, than he has 
always chosen to admit. In both, the object may be 
considered generally as the same, to effect a brcuch in 
the walls of the place; the aid of engines for the dis- 
charge of missiles was employed by the Ancients, like 
batteries of cannon and mortars in the modern parallels, 
to cover the progress of the attack, to ruin the defences, 
and to drive the garrison from the ramparts ; und there 
was a close similarity in the object of the vifietr, whether 
galleries or trenches, with that of the parallels and ap- 
proaches by the sap % in our times, *rhe inferiority of 
the ancient means of attuck to those of defence, is a 
far more remarkable distinction from the state of the 
modern Science, than is contained iu any ditfcrcnce as 
to the mere order and design of the siege. 

The nature and object of the ancient a g* errs, or of- Aycm 
fensive mound®, we have already sufficiently explained* 

They were composed of earth, stones, timber, and all 
kinds of rubbish which could be; collected ; and con- 
structed of immense mass and height with a labour ami 
celerity — by the Roman legionaries especially — of which 
modern troops would probably be found altogether in- 
capable. The agger, for example, raised by (Jcesnr's 
army at the siege of Bourges, was three hundred and • 
thirty feet long or broad, t and eighty high ; and he tells 
us that this huge work, notwithstanding the severity of 
the coTd and perpetual rains, was completed, ami ad- 
vanced almost to touch the ramparts of the place, iu 
twenty-five days. Oil the agger, the movable towers 
and balistic engines were placed, to overlook the walls 
and cast missiles upon the defenders ; and flic whole 
front of it was frequently screened with a strong blind of 
carpentry, covered with hides, hurdles, Sue., to protect 
the assailants from the missiles of the garrison. At the 
siege of Jotapata by Vespasian, no less than one hun- 
dred and sixty engines were ranged along the agger,* 
and several towers of carpentry were in the sequel also 
placed on it.} Finally, it should be observed that in 
s6me cases more than one agger was raised against the 
walls : as ut Marseilles, where Cresar’s troops attacked 
two of the fronts of the place.§ 

Of the rinetr y however composed, we may be con- r,ne&. 
tented to assert, that they were certainly the works of 
communication rutd approach which the Ancients em- 
ployed in their sieges. The manner ill which the term 
is used by the Latin Authors is often vague and indefi- 
nite ; nor shall wc stop to weigh the opposite arguments 


* AJrnwirrs MUHairr* sur Its Greet ct sur ks Horn aim. 2 vols. 
in 1, 4 to. La Iluyv, 1758. 

t la its [lanUfcI front to the walls, of course. De Beth Guttico , 
lib. vii. 

Jottplm*, lib. ii. c. 12, 13, 

De Beth Civilly lib. ii. 
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Fortificn. in the antiquarian schools of Folard and Guischardt on 
tion. t ^ e j r nature. There can be no doubt that they were 
* - *v-**~' frequently mere raised galleries of carpentry, hurdles, 
hides, &c. f as above noticed ; and that they were some- 
times movable sheds on rollers and wheels. But it is 
equally undeniable from several passages, that they 
were at least sometimes, as Folard has asserted them to 
have been usually, excavations like the modern trenches. 
Thus, for an example of either kind, it may, in the first 
place, be noticed that at the siege of .Echinus in Thessaly 
by the last Philip, where the attack was made against 
two towers and the wall between them, the besiegers 
erected a tower of timber, oovered by hurdles, opposite 
to each of those of the town, arid of the same height ; 
and bet wean them was a connecting gallery similarly 
formed. From the camp to each tower was also a 
covered gallery ; and all these galleries served to con- 
ceal the communications of the besiegers. A battering 
ram was placed on the ground-floor of each tower, and 
three batteries of bali&lrc were placed in front of the 
gallery between them.* But, on the other hand, we 
learn that, at the siege of Lilybteum, during the first 
Punic War, when the Homans invested both sides of the 
town, they conducted their two camps by an intrench- 
ment ;+ and we find that, at Dyrrnchium, Caisur carried 
lorn uni his approaches against Pompcy's lines, by 
woiks which unquestionably corresponded to the. modern 
trenches { or excavations for cover. That lines com- 
posed of the vincrc were often drawn opposite to the 
walls, where ftffgcrcn were not used, something in the 
luan ner of modern parallels of trenches, to contain 
troops for chocking the sallies of the garrison, and 
covering the circuit of communication, seems also most 
probable, though there is no evidence that such was, as 
in modern Science, the established and regular princi- 
ple of ‘attack : but whether by such vinca; or covered 
lines, and approaches, are in every ease to be under- 
stood either raised galleries of timber, &c\, or sunken 
trenches of earth, is a mere fille quarrel of words. 

Mines. Though at what time mines were first applied to the 

attack and defence of fortresses is uncertain, there is 
evidence of their familiar use by the Ancients as early 
as the Age of Herodotus; mid in the more advanced 
state of the Military Art we find them employed almost 
invariably in sieges. In the memorable defence of the 
little city of Plnlani, in the Peloponnesian War, (n. r. 
429 — 7,) — the first siege, as Mitford has observed, of 
which any connected detail remains in the annals of 
mankind, — Thucydides re!alcs§ the attempt of the gar- 
rison to undermine the agger of the besiegers ; and, on 
the other hand, the story in Livy,] of the mode, in which 
the lloiuaus effected their entrance into Veto, (about 
11 . c. 393,) after a ten years 1 siege, by the mine, is in 
the memory of every schoolboy. The capture of Gaza 
by Alexander may suffice tor a later example^ of the 
successful use of the same process ; and, in a subsequent 
Age, the walls of Patou, in Cephalonia, and of Thebes, 
in Phthiotis, wiien besieged by the last Philip of Muce- 
don, were undermined to the extent of two hundred 
paces in length.** # 

* Polyh. lik ix. 

t /W. lib. i. c. 3. 

+ intra Aim medioert faiitudinc fossam (edit militAut cbdu< i 
juxsit. Of Br/fn (VriA', lib. iii. 

o bib. ii. c. 7fi. 

|! Lib, v. c. 19—21, 

51 Quintus Cortius, lib. iv. 

* * Polybius, hb. v. c. I ct 9 
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Nor were the preparations of the besieged, either to Fortifies- 
arrest the subterranean approaches of the assailants, or tioa * 
to employ the same expedients against them, aWays 
deferred to the hour of danger. Vitruvius* mentions Counk * r 
the construction at Apollouia of something like a system uum; “’ 
of defensive, or countermines , curried out to the distance 
of a bow-shot from the walls, to discover the subter- 
raneous approaches of the besiegers. In these galleries 
were suspended brazen vases, which resounded at the 
blows of the enemy’s iron tools in their vicinity, and 
showed ivi what part their miners were at work. These 
contrivances thus answered the same purposes as we shall 
find the listening galleries of the Moderns, and directed 
the engineer of the garrison where to drive out his gal- 
leries to meet the enemy, and destroy his workmen from 
above with caldrons of boiling water, pitch, &e. The 
introduction of torrents of water and barrels of burned 
feathers, and other suffocating mixtures, into the mines 
of an opponent, was also a common expedient of de- 
struction. Finally, it tnav be observed, that at Gamala 
in Jiutoa, during the war of Vespasian against the Jews, 

Joseph ust appears, by his narrative, to have prepared,, 
while in the service ofhis Countrymen, a regular system 
of countermines for the defence of thot fortress, which 
were used with considerable effect against the approaches 
of the Homans. 

The use of mines seems to have originated in the Objects and 
extreme difficulty and labour which were experienced by uwsolbath. 
besiegers, either in battering down the massive walls of 
a fortress), or in raising their aggeres to a level with the 
towering battlements. It was by stratagem that the 
assailants first hoped for success, therefore, when they 
frequently commenced their subterraneous galleries at a 
prodigious distance ill the country, and, passing under 
the foundations of the rampart, issued unexpectedly to 
the surface in the heart of the place. But the besieged, 
as we have seen, soon learned the art of listening to the 
approach of the enemy’s miners, and of defeating his 
object. They closely watched the point at which he 
was about to make his narrow issue, and anticipated his 
assault by throwing in a’ shower of stones, or other 
missiles, and combustible preparations, which at once 
filled up his gallery, while it repulsed or suffocated his 
miners and troops. But mining was also more actively 
employed in the defence, and appears to have been ren- 
dered altogether available to a greater degree against the 
besiegers, than by them in assisting the progress of their 
attack. By driving out subterraneous gulleries or 
countermines from the walls, the garrison not only 
ascertained the direction in which the enemy’s miners 
were approaching, and intercepted their advance, but 
were enabled to diverge to those points above which the 
aggeres , battering rams, ami towers of the besiegers, were 
placed, and to effect their destruction. Such was the 
twofold object in the example to which we have referred, 
of the system of countermines constructed in preparation 
for the defence of Gamala by Josephus. When the 
garrison of a place attacked had driven their galleries 
under the besiegers’ works, they excavated large cham- 
bers supported by timbers, filled them with other com- 
bustible matter, and set the whole on fire. The effect 
of the conflagration, by causing the superincumbent mass 
of earth to fall in, seldom failed both to sink the mov- 
able towers and aggerrs, and to consume nil the coui- 

* Lih. x. c. 22. 

^ Oe Jitd. Ilk IV. c. ]. 
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Fortifies.* bustible materials of the various machines and construe- 
1l oa ‘ tions of the assailants : while detachments of the gar- 
liaoii, in readiness for the event, sallied from the gates, 
aftd availed themselves of the confusion of the besiegers 
to assist and complete the work of destruction. But 
sometimes the design of both parties was mutually 
anticipated and prevented by the meeting of their arti- 
ficers in theae subterranean labours; as happened a* the 
siege of Syriufc, in Hyrcnnia, by Antiochns, where the 
opposing miners encountered each other under ground, 
and fought with great fury.* 

Engines of Of the engines and machines of attack and defence 
attack and employed in the ancient sieges, the number and variety 
defence. ^ too great for detailed description within our limits ; 

and we have already made some mention of them under 
the head Artillery in our Miscellaneous Division : 
but it will answer every genera! purpose to mention in 
this place a few of those most important in their opera- 
. tion, and most common in their use. Nor, as wc have 
already hinted, in our ignorance of many particulars in 
their form and cOnstrtiction,can more be safely attempted 
in any modern Treatise* than to notice their purposes and ' 
recorded effects. Of projectile engines, the principal 
Qntapu!t<e were the catapult# and batiste: — terms which haw 
and balistw been confused in the application, not less by the ancient 
Writers themselves than their modern commentators.t 
Upon the whole, it is most probable that the two words 
were applied with little fastidiousness, and almost in- 
differently, for the projectile engines of either kind. But, 
in any case, the question of names is of little moment ; 
since it is certain that, of the two engines, one was used 
for the projection bpth of largo stones or masses of 
work, and of darts or even sharpened benms, and the 
other of the latter missiles only. The one, worked by a 
cord, being composed ill general of one or more wooden 
limbs, which on release from tension struck with prodi- 
gious violence against a capsill, and threw the projectile 
by the blow ; the other, though often of immense nize 
and power, acting upon the cbmtnon principle’ of the 
arbalest or cross-bow. The twisted cords used in both 
> kinds of eftgine Were frequently composed both of the 

sinews of animals and of woman's hair; and this dry 

♦ Polybius, lib. lx. 

\ Foltord, who baa devoted a chapter (vol. ii. p. 312 — 323.). to 
this subject, aiul insists that the r otnpultu was the machine for 
throwing stones, is ptohaldy, in the strict Acceptation, right. Km 
opinion is supported in general by the text of Osar, Vegetal*, qml 
Am minims MarceUinus, ami by tin* lair inference of etymological 
derivation ; white the only gnhit tfncieiit authority against him is 
Vitruvius, an authority still far inferior to Castor. In the Cum- 
mcntarinfDc lh'lfo Ctvi/i, lib. ii. at tho Opening) it is said, that 
tlie Marseillais shot Hpear-pointed beam* twelve fiut long from tWr 
largest ba/Uttr — w/&i mi a baliaii* mi$ti ; and, further on, more ex- 
pressly, that stones Were thrown' from the cdlapu!lft> i — mxa ex ettfq- 
jHtllii tai tritium dlsctyerent, Vegothis^liK iv c. 21.) distinguishes 
the bntisia as throwing darts,, and the onager, or wild ass, (a name 
which appears to have fcupewdad that of &ttupu/tn for tho *ath* 
lAtigino,) as casting stones. Ba/isUt xpicufo cm itt it/ onwjtr dirigit 
Mptdc*. 1*1)0 Greek doiivativm. of both firms should seem lo settle 
the question. iMisia, from. RaXX*, juculor, certai nly descvlhe* the 
point-blarik shot of the dart or jurat* tn t entnpui/a from x*nxj hired, 
«/ Wxx*, vibro, the swinging hurl of the Atone. ‘ The formor might' 
discharge Its missile through ah embrasure, like the moderp can- 
Don 5 the latter could be nsed Only with U vertical range over a 
parapet., like our mortars. Yet, on the oilier hand, Vitruvius (lib.x.) 

• pointedly reverses the term* of the two engines ; nod it must be 
confi-SHedjrthi^ Ilirtius, the contimmtor ofC&gar, (De tfcf/o Hi span .) 
distinctly calls an engine, which destroyed ji lower by the discharge 
' of a mass of - rock, a ruxiistn. This, and the vague disagruernent of 
ancient Wrifoss. xtaay, beget a strong suspicion that the words wore 
often used indifferently for either projectile engine. 


detail of mechanism will recall to the mind of the Clue- Fertifica- 
sical reader the interesting circumstance of the sacrifice tion, 
of their tresses, which the heroines of Carthage made to 
the public defence in the last struggle of their ill-fated 
Cottimonwcath. Some of the engines invented by Archi- 
medes for the defence of Syracuse* which deserve notice 
in this place, varied from these ordinary projectile ma- 
chines, and consisted in revolving cranes placed on the 
walls, from whose projecting 'arms heavy masses of stone 
and lead were let fall on the galleys of the enemy. 

Another contrivance of the same master-mind was to 
employ long levers, having at their outer extremities 
chains anti grappling irons ; which, being swung out, 
caught hold of the men, or even of the vessels themselves ; 
and the latter being drawn partly out of the water by 
depressing the opposite end of the lever, were suddenly 
let fall, and either upset or sunk.* 

The enormous weight and effect Of the masses of Power of 
rock thrown by the larger engines, find the immense those ma- 
number of these projectile machines which were em- c hi ,ies * 
ployed in sieges of importance, are features in the ancient 
attack and defence of places, to excite our surprise and 
curiosity'. Archimedes, if the relation of the siege of 
Syracuse may be credited, made them capable of throw- 
ing weights of ten talents, or eight hundred pounds. f 
At Ategua,J a shot from a balista used by Caesar’s 
troops, threw down a tower, with five of the garrison 
and a boy, or slave, who served as a seutinel to give 
notice of the distending of the machine. Josephus 
makes repeated mention of a similar power of. destruc- 
tion in the larger engines which were employed in Ves- 
pasian’s sieges in Judma. At the siege of Cremona^ 
the garrison from their ramparts upset a machine itself 
upon the assailants below : it crushed every thing be- 
neath it by its 'vast weight and size, but dragged a part 
of the wall after it in its fall, and formed a breach for 
the. besiegers. The confined range, however, of these 
mighty projectile engines, when placed in competition j 
with that of our ordnance, will be heard with a smile by 
the modern artillerist. The largest used by Titus before 
Jerusalem could cast a mass of rock only two stadia, or 
about two hundred yards : || though Athcmcus speaks 
of smaller ones which would carry an arrow half a mile. 

Of the immense number of these engines which were j ulm0Tlsa 
provided in every strong place, there arc perpetual ^mber* 
proofs. At Marseilles, Crcsar speaks of the tanla mill- usc d. 
titvdo tormenlorum, with which the arsenal of that city 
was stored. At the siege of Jotapata, Vespasian had ‘ 
an artillery of one huudred and sixty engines;^ at that 
of Jerusalem, Titus employed three huudred batiste 
and forty cat ap utter, the smallest, of which could throw a 
stone of eighty pounds.** * When Spipio captured New 
Carthage; tt he found in the place one hundred and twenty 
catapult# of the largest size, and two hundred and 
eight J-on*; lesser; .twenty-three great batiste, and fifty-- 
\ two small and an immense quiintity of scorpions, or 
simple crossbow engines, for the discharge of arrows: 
and when the Carthaginians before the lust Panic War 
surrendered their arms to the mercy of the Romans, £ 
abpve two 'thousand engines of all kinds for casting' 

* Polybius, lib. viii. 

! tdem. ihiht r , 

Dp ilUp. 

Tacitus, Hint. lib. ift. 

Jtwqduis, lib, v. *. 18. ’ ■ • . 

lib. iik-c. 7, . , 

• ‘ Jtbfhy lib. -i, c, fi. 

ft Livy, lib. xxvlc.,4?* 
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skones and darts, were delivered upborn the arsenals of 
the city. 

The common purpose of all these engines in attack 
was to destroy the tops of the parapets, to kill aud 
wound the men behind them, and generally to ruin the 
defences of the place, and by rendering them untenable 
to drive from the ramparts the troops of the garrison, 
whose missiles would otherwise annoy the workmen, 
and impede the progress of the approaches. To form 
a breach in the body of the rampart, through which the 
assailants might enter by storm, was left to the operation 
of another well-known engine of prodigious power : — the 
aries, or battering-ram. This was a huge beam, pointed 
horizontally, with a head of brass or iron : sometimes 
shaped like that of the animal from whose manner of 
striking it derived its name. In thd rudest form of the 
invention,* it was probably only a transverse beam, 
balanced from a mast which was set up before the ram- 
parts, and swung against them with its point forward 
by a number of men, uulil its repeated blows shook and 
brought down the wall. But, at least as early as the 
Age immediately preceding that of Alexander, t con- 
trivances were adopted for enclosing the .rain in a mov- 
able shed, and thus advancing it to the walls under 
cover. The whole engine so composed acquired the 
name of the rain-tortoise , which Vegstius derives from 
its resemblance 14 to a tortoise with its head poked out 
of its shell.” The shed was usually constructed, like all 
the movable galleries and towers of attack, of timber 
covered with the hides of bullocks aud other animals; 
it moved upon wheels or trucks, and hud often upper 
stories for missile machines. In this shed, the rani itself 
wus sometimes worked to and fro, upon a number of trucks 
in a groove, to give its blows ; but it. was more frequently 
suspended by ropes or chains from the roof, and its head 
thus violently .swung against the wall with repeated 
concussions, until it beat down the mass of the rampart. 

Of the great movable towers, or helepotcs , in com- 
mon use at sieges from the Age of Alexander, the 
accounts transmitted to us are, unlike those of many 
other machines, perfectly intelligible. But the stupen- 
dous height which was given to them, the immense 
labour uml quantity of materials required for their con- 
struction, and the difficulty of moving forward such 
towering aud unwieldy masses, are among the most ex- 
traordinary circumstances of ancient warfare, and would 
be absolutely incredible, if their constant use and pro- 
portions were not too well authenticated for doubt. They 
were generally of ten stories or more, and above a 
hundred feet high ; and Vitruvius,}: on the authority of 
Diudcs, a famous engineer in Alexander's wars, recom- 
mends that the breadth of their base should be from 
seventeen to twenty-three cubits, and their height from 
sixty to one hundred and twenty cubits, and that every 
tower should be gradually narrowed at the lop to four- 
fiflhs of its base. The hdepotis moved upon four, six, 
or eight broad oaken trucks, and it was composed of 
timber, § covered with raw hides, as we have, already ob- 
served, to protect it from (Ire* The uses of those towers 

. . — ■ - — 1— — 

“* Vitruvius, lib.*?. 19. 

t /*». 

f . Vbi supr*. v 

j Canmr'a tower of hrick at the siege of Marseilles is a famous 
example of another kind, But though constructed under the range 
of the jmssife* of the . it was rather a lofty redoubt for 

defence against sallies $aa ajftwdr of attyck, and was, of course, 
not movable. ' 


we«) obviou* : whether ’placed on tt*e natural plaia or on 
the wr, to ga n , the advantage of height, Ld om 
look the walls; to drive the enemy from their deduces -r— ■_ 

by showers pf missiles from the machines ip the different w '^ 
stages and on the summit ; and, finally, when the tower 
had been roiled close to the rampart, either to enable 
the rapi to work against it from the lowest floor, or to 
afford a passage for the assailants to the wall from the 
top, by means of a drawbridge, prepared for that pur- 
pose, an4 let down upon the battlements of the place. 

Of the smeller movable sheds of attack, since they Various 
were constructed much on the same principle, we have smaller 
neither space nor occasion to give any lengthened dc- 
scription. Such were the pluleus , the mnsculus, the 
Ustudo of approach, all covered buildings of carpentry, 
hides, hurdles, &c. pushed forward ou trucks, for level- 
ling the ground in front of the heavier hckpoUs and 
ram*tortoises, for covering the various works of approach, 
for tilling up the moat of the place, and for undermining 
the walls. Neither is it uccessary to load our pages 
with an account of the various machines for escalade, 
cranes for raising the assailants to the battlements, 
(especially from the galleys in uiuritime sieges,) and the 
thousand other expedients which the martial ingenuity 
of the Ancients dictated under as many varying circum- 
stances ; and which are to be found in all the old pro- 
fessional Treatises. 

F rom the particulars into which we have already General 
entered respecting the machines and constructions cm- c '- ,urst? of 
ployed in the Grecian ami Roman practice, the general altuclc > 
reader will already have acquired a sufficient insight into 
the scientific process of an ancient siege. lie will have 
observed that the primary object of the besieger was to 
approach the walls of the place under cover, and with 
the least possible sacrifice of life to his troops. With 
this view were employed either: 1st, subterranean gal- 
leries to arris c at the foundations of the ramparts ; 2dly, 
covered galleries* mid communications of approach, such 
as vinca 1 whether raised blluds or trenches, and mov- 
able sheds, and towers ; 3dly, aggrres, or mounds rising 
to the height of the batllemeuts, and pushed to the edge 
» of the ditch, or even filling it; ltiily, missile engines of 
all kinds to ruin the defences, to overpower the discharges 
of the garrison, and to drive them from the ramparts. 

This primary object of touching the walls having been 
effected, the ultimate process was either to. bring down 
tlie rampart, aud form a breach for passing into the 
place, by the mine or by the strokes of the battering ram ; 
or else to pass over it by drawbridges from the hdepolts 
and aggtres, and pour columns of troops into the place. 

On the other hand, it was the object of the besieged and of 
to impede the progress of thu enemy by destroying defence, 
or rendering useless their work* and overpowering 
their workmen with missiles. For this end, they em- 
ployed thu greatest possible number of projectile ergines 
on their towers and walls, and kept up an incessant 
disclmrge upon the approaches; they hurled down- 
nil kinds of heavy masses from the walls to crush 
- the sheds of the assailants -below ; they attempted fre- 
quent sallies to fire th$ towers, sheds, trinea, engine*, 
and aggerti, for which, the combustible nature of tho 
timber and faggots, and other materials which were! 
necessarily used, both in the wooden buildings and ac- 
cumulated mounds of the besiegers, gave great facility ; 
and the labour of weeks and mouths was thus frequently 
destroyed in as many hours. On their walls, the gar- 
rison protected themselves from the missiles ot the 
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assailant, by the same contrivances of wooden blinds, 
hurdles, hides, &c., which lie used. To the successful 
employment of countermines for sinking aggeres und 
overturning the Juiepoles we have already adverted : but 
there wore sometimes even simpler inodes of arresting 
the approach of those unwieldy masses of timber, of 
which a single example, related by Vitruvius,* may 
suffice. At the siege of Rhodes, Demetrius, one of the 
most able of the martial successors of Alexander, who 
had acquired the surname of 1’olioroetes, (besieger of 
cities,) from the number and success of his enterprises, 
constructed an enormous hclrpolis , one hundred and 
twenty-five feet high and sixty broad, and so secured 
with iiair-dotli and raw hides, that it could stand the 
blow of a stone weighing three hundred and sixty 
pounds fioin an engine, and was probably indestructible 
by fire. This huge tower itself is said to have weighed 
111 ice hundred and sixty thousand pounds; and its ap- 
proach threatened imminent peril to the besieged. Yet 
merely by inundating in the night the soil over which it 
was to pass with quantities of water, mud, and filth, the 
citizens produced such a quagmire, that the dreaded 
machine stuck fast and sank by its own weight, so I hut 
it could he moved neither forward nor back wind ; and De- 
metrius was compelled there to abandon it, and to raise 
the siege ! The most formidable engine, when its advance 
to the walls was once effected, seems to have been the 
ram : yet the besieged were not without the expedient of 
strengthening their rampart against its shocks, to an im- 
mense mass and thickness at the points most exposed to 
lilt nek ; and sometimes mattresses of wool and haircloths 
were hung over the walls (o deaden the blows of this bat- 
tering machine. Another frequent contrivance was to 
noose the ram by a chain or cord dropped from a crane 
upon the rampart, and by this means to raise the head 
of the beam in the air, while tire, the great auxiliary 
of the defence, was showered iu every iorm upon the 
tower or shed. 

Altogether, therefore, as will be concluded, the Art of 
Defence in Ancient Fortification had an infinite advan- 


and children. In our ordinary modern warfare, in which *a Fortifica- 
garrison may safely resist behind their last intrenchmcnt tion. 
with the certain power of an honourable capitulation, it v - '**"*' 
is impossible for us to conceive the agony of patriotism 
and desperation, by which the defenders of an ancient 
city were wrought to superhuman endurance. 'Die 
whole siege was in truth a death-struggle of ferocity and 
terror, not a mere effort of martial emulation. Even 
the horrors of a modern assault in their rare and un- 
mitigated excess, fall more cruelly upon the often neutral 
and passive inhabitants of u city than upon the troops of 
the garrison, to whom quarter is seldom denied. The 
modern soldier resists or surrenders, with equal indif- 
ference to the lot of u population to whom he is bound 
by no ties of affection : but the ancient warrior beheld 
all that was dearer Hum life involved in his own ruin ; 
and in anticipation of the sanguinary and brutal triumph 
of the victor, might well shudder, not at the death which 
he probably welcomed, but for the. slaughter, the viola- 
tion, and the servitude, which his own fall would pre 
pare fur his miserable kindred. 

CHAPTER II. * 

Fortifications of the Middle Ages. 

We have abundant evidence from the Histories of the Lnng con- 
Sicges which have taken place in Europe and Asia, that tinimm-n «f 
the nature of the military engines used in the attack and 
defence of fortresses underwent nomuteiial change, fiom 
the days ofOcsur till the discovery of gunpowder; and 
it is known that the ancient bat ist<c, catapult ft ?, &c. con- 
tinued to be employed in conjunction with cannon for a 
considerable time after the latter were mounted on ram- 
parts or brought into the field. We may, therefore, 
reasonably conclude that, during all this long peiiod, 
the manner of fortifying towns and military positions re- 
mained the same us that described in the Works of Vitru- 
vius, who is believed to have lived in the time either of 


tage aver thut of Attack; and it was only by immense Augustus or of Vespasian: but the employment of the 
numerical superiority and mechanical means, by un-* modern artillery, small indeed at first, and far less im- 
wearied labour, and indefatigable patience and activity, port ant in its effects than that which is used at the pre- 
thttt the assailant, advancing on his feeble lines and sent day, at length rendered it necessary to exchange the 
heads of attack, could approach the defences, and effect lolly stone walls of the Ancients for ramparts of earth, 
a passage through the ramparts of a we 11- fortified place, which were .soon found more efficacious ill resisting the 
For once in the History of maukind the Art of fortifying shock of this powerful arm. 

bad nearly perfected its professed object ; and apart from It may, at first sight, seem remarkable that such Earthen 
the ravages of famine and pestilence, and the bane of ramparts were not frequently constructed even while ra ’ T, I )il, *' 4 » 
domestic treason and dissension, every strong place, if the ancient engines were in use ; since it is evident g V vt) ^ L !^ m 
well-garrisoned, and defended with as much skill and that the material which is best capable of resisting the pi„y Cl i, 
courage as it was assailed, may almost be pronounced momentum of an iron ball, must also have been best 
to have been impregnable. Nor were there wanting, in capable of resisting that of a battering-ram ; and it would 
the ferocious principles of ancient warfare, strong motives seem to have been impossible, supposing the parapet 
of human passion to increase the moral energies of a formed as at present, with its exterior face at an angle 
besieged population. While, from behind their lolly and of forty-five degrees with the horizon, to bring such 
solid ramparts, with plenteous stores of provision and a machines as the hdepolen near enough to permit the 
well-filled arsenal, a brave and united people might assailants to pass into the fortress by a bridge, thrown 
securely defy the assaults of a besieger, the dreadful upon the parapet from the top of the machine. Rmn- 
cotisequences of surrenderor defeat were far more up- „ parts constructed merely of earth are certainly men- 
paliing than the ordinary privations of a siege. For the . turned by the Ancient Writers as the fortifications of 
best fate they might expect from the mercy of the con* (ownaand military posts : but, except where they served 
queror was slavery in its bitterest forms: the sure con-.^.aa lines to protect a country from the-inroads of Barba* 
Fequences of capture by assault were death by the sword •’ lians*— like the walls of Hadrian and Antoninus in 
to themselves, and worse than that death to their women Britain 1 , and the chain of redoubts constructed along the 

Illyrian frontier in the latter Ages of the Roman Em- 
pire,— such appear to have existed brtly among rude 


* Lib. x. c. 22. 
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Fortiftca* nations and in situations of small importance. That 
tion. elevations of earth were sometimes formed for the pro- 
tection of the ordinary brick or stone ramparts is, how- 
ever, rendered probable by the fact, that there remained, 
in the XVIth Century, in the ditches of some ancient 
fortresses, a bank of earth parallel to the sides of the 
fosse, but separated from both, and covering the inner 
wall of the excavation as far up a9 about three-quarters 
of its height. It is asserted by Maggi,* that such banks 
in his time existed in front of the old circuit of wall at 
• Calais, iind at another place in Flanders; and he adds, 

that at Fisa, banks of the same nature were placed close 
against the walls of the curtains for the purpose, he 
supposes, of resisting the engines brought ugainst them 
by the besiegers. 

Facilities But in ancient warfare the practice of engaging in 
afforded by CO mhat hand to hand wus so general, and personal 
such works p rowes9 on d self-devotion were held in such estimation, 
o L*bcu at e. w j iei ^ an attack by storm was possible, it was 
always preferred to a slower but more secure process: 
the sacrifice of life entailed by an open assault being 
then less regarded, than that of the time which would 
be incurred by forming a regular siege. It being such 
assaults, therefore, that the defenders would chiefly ap- 
prehend, it may be conceived that, ramparts similar to 
those of modern construction would be thought to offer 
too many facilities to an escalade ; and this, together 
with the opinion that they would be more easily under- 
mined, may account for the preference given to ramparts 
of stone or brick. While, therefore, the penetration of 
the rampart at its foot was to be feared, thick stone 
walls remained necessary : in order that a sufficient 
resistance might be opposed to the enemy’s miners. 
And, while the walls were liable to he passed by esca- 
lade, it was essential that they should be lofty, in order 
to augment the difficulty of the assault, in fact, the 
heights of the walls and of the opposing turrets of the 
besiegers seem, in emulation of each other,' to have 
gone on increasing during all the lime that the old 
system of attack and defence continued : but a great 
thickness. of wall was only required near the foot; and 
this was accomplished by raising a mass of earth there, 
either on the interior or exterior. I it the parts of the 
wall above the place where the ram might come in con- 
tact with it, it was sufficient to have the thickness ade* 
quale to resist the stones or other missiles thrown from 
the machines: consequently, the loop-holed galleries 
therein made, to serve for communications and as sta- 
tions for the archers, became admissible, and did not 
diminish too much the strength of the rampart. 

IVu;fs of To mention only a few circumstances in support of 
tluMinv.n ied wlut has been asserted concerning the unvaried charac- 
rhai.ictoi of tcr 0 f t} le Art of Fortification during the period above- 
iCriHii'i.’ 4 mentioned, we may observe that, in the lid Century of 
u.»n in the our Era, the City of Byzantium, which was tfien consi- 
Clussical dered impregnable, and which, during three years, 
ami Middle resisted all. the power of Severus, and all the means 
Ages. employed in the ancient inode of, attack, was fortified, 
as were all other Cities of the preceding Ages, with walls 
a. p. and towers of masonry.f In the same style also, after 
323. their subsequent destruction, those walls were rebuilt ; and 
when besieged by Constantine, the attack and defence 
are described as being conducted in the accustomed 
manner. The assailants raised an agger or mound, of 


* Delhi FortificaUoae delle Cilia , lib. ii. c. 2 1. 
f Dkm Cawiiur, fib. Ixxv* 
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equal height with ‘the walls of the place ; surmounted Fortifier 
this huge elevation with lofty helepolen and projectile tion. 
engines; and finally breached the walls by the ram.* 

So also, when the City became (he seat of the Eastern 
Empire, the new fortifications were of the same kind 
as the former : the extent of the walls and tlic number 
only of towers being augmented.! Of the latter, it is 
said, that, in the reign of Theodosius, fifty-eight were 
overthrown by an earthquake, and subsequently re- 
stored. { 

We may collect from the Works of Procopius § that Evidence of 
the military architecture of the Vlth Century di tiered in Frocupiun. 
no respect from that of preceding Ages : for, in de- 
scribing the fortifications constructed about lima in 
Mesopotamia, during the reign of -Justinian, that Writer 
slates that the City was surrounded, ul the distance of 
fifty paces from each other, by two walls, which were 
strengthened by towers : that the inner wall was sixty 
feet high, and the towers one hundred feet ; and that 
besides the platforms at the (op of the walls and towers, 
on which the defenders were to be stationed, there were 
galleries formed in the thickness of the ibrrner. lie 
observes that the exterior wall was less lofty ; and that 
against the back of the lowers were raised large eleva- 
tions of earth to serve as places of arms for the defenders 
at the time of an assault. The whole was surrounded 
by a double ditch; and the entrance was protected by 
tin outwork of a semicircular furm.|| 

If we pass over the dark interval between the. lXth State of the 
and Xllth Centuries, we shall find that, at the latter 
epoch, the fortifications of Cities had been maintained in xilth 
all their former strength ; but that no improvement had ('untunes.* 
been made in the nature or db positions of the works, 
nor in the modes of attack and defence. On the con-' 
trary, it may be gathered, from the relation of the sieges 
undertaken in the First Crusade, that the state of martial 
Science, in this ns in all its other branches, had retro- 
graded since the Ages of Classical Antiquity. Thus, s*„.^ 0S ; n 
as we have seen, in another portion of # our VVoiU,*!! the 1st Cm- 
Nice, when invested by the Crusaders, was surrounded 
by double walls of stupendous height and thickness, A * D * 
provided with a deep ditch, and flanked at intervals by 1097* 
no fewer than 370 towers. The attack of the City was 
carried on by means of lofty wooden towers, the Ac/e- 
polrs of the Ancients, now termed brlfrcdi , or bJfrois ;** 
by coveted galleries and movable sheds, the phiieu », 
tnmculns , &c. of old, now called ' indifferently foxes and 
cats, or chnl-chaUik when surmounted by a tower ; by 
battering rains contained within all these structures; 
and, lastly, by all the balistic engines of earlier Ages. 

But the whole of the towers and galleries of attack were 
burned by the Greek fire of the besieged ; and it was 
not until after much mismanagement and loss, that the 
Crusaders* by the aid of an Italian engineer, succeeded 
in attaching a chat-chatnil to the walls of the City. From 
"that machine, undermining the foundations of a tower, 
which bail been injured in a former siege ami leaned 
forward from its base, while they supported the super- 
incumbent mass on strong wooden props, they finally, by 
. firing these timbers, brought down the whole structure 


* Zosinms, Kb. ii# p. 97, 98. , 
f Codinus, Anliquilulc « Comtonl. p. 1 2. 

i ljti Cange, Constant, lib. i. c« 10, 11. 

Dc Etli/iciis, lib. ii. iii. 

I J Procopius, De Edtjititi, lib. ii. c. 1 — 3. Ac. 
jl Vide our Util on cal Division > ch. Ixjui. p. 5 99 

** Du Cange, r. Mfmtus. 
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Forrifica- at a single crash, and displayed a yawning breach. Two 
tiim. years afterwards, Jerusalem was besieged and defended 
in a similar manner : after the destruction of Various 
a. i>. other engines of assault by fire, the besiegers oould ad- 
1009. vanoe only one movable tower to the walls at a point 
at which the fortifications were low and the ditch deep. 
The latter was filled up ; a barbacan or outwork was 
beaten down ; the tower was rolled up to the inner wall ; 
its drawbridge was letdown upon the rampart i amHhe 
. troops rushing over th'c battlements obtained possession* 

of the City.* ’ 

Examples The Histories of the wars , in Italy, and particularly 
^ un- the relations which have been transmitted to us of the 
tho of Como, Torlotm, and Cremona, show that the’ 

Art in the towns in that part of Europe, during* the XI Uh and 
Italian wars XIII tlv Ccuturies, were fortified and attacked in the 
ancient manner. The first of tlie.se places seems, to 
CtnituriiM * Klvc * >e<?11 honed by castles in the nature of ad- 

vanced works: ibr the Milanese, who besieged it, arc 
* taid to have passed them without attack ; and encamp- 
ing under the walls of the city, they caused to lie erected 
four great, towers covered with hides, which wore wheeled 
up to the walls. From these the cross-bow men, sta- 
tinned on their tops annoyed the defenders ; and be- 
tween them were placed wit at arc called gatli, or cats : a 
sort of battering ram having at the end an iron hook to 
tear out the stones which were loosened by the shock. 
Thdista also wefe used for throwing* pieces of rock 
• against the widU.f In a manner precisely similar were 
the two other pi acen above mentioned attacked by Fre- 
deric Barbu rassu ; nor do we find any other difference, 
except such as arose from local circumstances, in (he 
And 'm the nature of the attack on Constantinople when it was taken 
'*?•» f,f . by the Latins in the IVth Crusade. It is stated that the 
t/mstanti- towers 0 f the, City on the land side were raised above 
■V „ their ordinary height by several stages of wooden tnr- 

I -><33 it-ts, m order to command the machines of the enemy ; 

and that the Venetians having disposed their fleet along 
the wall, on ttye side next to the port, swept that wall 
with arrows . and stones discharged by men stationed 
on the masts of the ships. This division of the army 
on landing is said to have taken as many as twenty- 
live towcm ;J 'a proof of their vicinity to each other, 
and that they did not exceed the usual size of such 


single or even double circuit of W&I1& The rural fort- Fortifica- 
resses which, as we are informed by Procopius, were tion * 
plentifully provided in the frontier Provinces of the East- 
ern Empire under the reign of Justinian, afford an earlier 
example of the sume kind of works: since they consisted 
of a stone or brick tower, in the midst of an area sur- 
rounded by a wall and ditch, to which the neighbouring, 
peasantry might retire with their cattle for protection 
against the inroads of t lie Barbarians. But the castles 
of the Feudal Nobility throughout the Dark Ages were 
continually enlarged in extent and increased in strength, 
until they were made capable of containing powerful 
garrisons, and rendered almost impregnable, against 4 the 
ordinary inodes of assault. 

Although the Accuse of private war was more severely Description 
restrained in England than in the Continental States of of a Feudal 
Europe, a very complete idea may be formed , of the Castlo. 
castles erected by the Feudal Nobility from the existing re ■ 
mains of such structures in our own Country. These show 
that the. residence of the proprietor was a large building, 
generally rectangular, of great height, and strengthened 
at the angles by turrets, in one or more, of which were 
the winding steps leading to the several floors, of which 
there were sometimes four or five, anil u*thc upper plat- 
form of the edifice. Underneath were dungeons in which 
the captives taken in the field, and’ often the victims of 
lawless power, were confined ; and frequently subter- 
raneun galleries, commencing under this building, were 
carried far beyond the outer walls, to facilitate escape in 
the event of the castle being taken. Near this edifice were 
commonly situated t lie chapel, stables, and the domestic 
offices; the whole were surrounded by embattled walls 
which were sometimes double ; and the name of the 
inner and outer ballium was given to the areas which 
those \yalls respectively enclosed. The periphery of the 
walls was generally irregular anil adapted to the nature 
of the ground ; at intervals were placed towers of a 
square or circular form as in other ancient fortifications; 
and these, though used for the purposes of defence, 
served also as magazines, or dwelling-houses for the 
principal officers belonging to the castle. 

When the walls crowned the summit of a rock, no 
ditch was necessary, but when the surrounding ground 
permitted the works to be accessible, the whole was 


works. 

Influence ot The rise of the Feudal System, however, during the park 
the Fcufl nl Ages had produced a description of fortress in the West- 
upontho crn K> n ff^ oms Europe, which, while constructed with 
construction embattled WaJUand towers according to Ihfc ancient system, 
uffortrcsbiii'i exhibited several new aud peculiar features. These were 
suggested by the nature of the site, and the purposes which 
distinguished such strong-holds from large aud populous 
cities. The anarchical slate of Society, and the frequency 
of private ware among the Feudal Nobility, bestowed a 
license and* imposed a necessity upon every Chieftain to 
fortify his house. While the dwelling itself of the lord, 
and his family was strongly constructed in the form of 
a tower, ami rendered capable of defence by a small body 
of domestic retainers, against any sudden attack, a larger 
space, sufficient for the refuge of Ins numerous vassals 
with thdjr effects, and for Jhe endurance of a regular siege, 
was obtained by surrounding the main building with a 

x, y ^ 

* Vid« 6w WityriciU Division, ch. Ixxik p. 610 
f , pi#, fteifa Qomenri, apud Murutori Script. JlaL vol. v. p. 45 2, 
&c. ; * ’ 

l VftlehordOuM, c. 93. p^ 29. 1 


surrounded by a broad and deep fosse. The grand 
entrance was' flanked by embattled towers, closed by 
massive gates, and protected by machicolations and a 
portcullis or close grating of iron, which was drawn up 
and let down by grooves prepared in the stone work. 
The ditch was crossed by a drawbridge, which, in time 
of danger, was raised, to prevent any one from entering 
within the walls ; and the bridge was frequently covered 
by an exterior work, called a barbacan , consisting gene- 
; rally of a stone wall built in the form, of a portion of 
a circle, or polygon, strengthened at intervals by towers 
^mid protected, by its own ditch and drawbridge. Within 
the outer waft there has been frequently observed a: 
mound of earth, and this is supposed to have been a sort 
of cavalier (us such raised batteries are called in modern 
fortification), on which engines were placed to oppose 
those of the enemy. The central building* generally 
served os a keep, or- citadel, which might hold out fbr* 
some time after the wulls of the Castle were taken ; but. 
when some great elevation of the ground rendered the 
spot difficult .of access, the keep wdis. formed on the pe- 
riphery of the. inner or outer wall. The ascent to 
it from tho ballium was by narrow step* ; and' deeo 
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wells were dug within to supply the garrison with 
water.* 

In the siege of such fortresses, since the range of the 
warlike machines then in use was not great, the assail- 
ants sometimes "began their operations with the attack 
of the outer wall, which frequently consisted only of a 
row of strong palisades, and was then denominated the 
lists. Many feats of Chivalry were here performed by 
the Knights and men alarms, who considered the assault 
of that work as particularly belonging to them ; the 
weight of their armour preventing them from scaling the 
walls. The^besiegers having carried the lists, brought 
up their machines, and established themselves on the 
outer edge of the ditch, which, under cover of 4hcir tor- 
toises, they began to fill with fascines or faggots : over 
this surface were impelled the movable towers, from 
which the cross-bowmen annoyed the defenders ; darts 
and stones were thrown from the engines; and the walls 
were either battered by tlxe ram or undermined. The 
smallness of the range of missiles from the ancient en- 
gines rendered it no disadvantage to the works to be 
commanded at the distance of four or five hundred 
yards; and such was actual!) the case with the Castle of 
Dover, which vfns once considered ns the key of the 
Kingdom. f Fortifications of the kind which we have 
been describing )ct remain in different parts of the Con- 
tinent of Europe, situated on rugged and often inac- 
cessible rocks, showing their ruined battlements and 
towers from a great distance; and recalling to the mind 
of the traveller those talcs of chivalric exploits, of which 
tlic relation has so often charmed his youth. 

It must have been in the wars which devastated the 
North of Italy in the beginning of the XJV r th Century, 
and probably between the death of the Emperor 
Henry VII. and the election of Louis of Havana, that 
the invention of gunpowder, which was subsequently to 
produce so great a change in military operations, took 
place. 13 ut whatever may be the precise date of its 
discovery, it appears to have been first used in the field* 
by the Venetians, in a. d. 1330. Before the Nlth 
Century the Italians, from their frequent intestine wavs, 
had made themselves skilful in the an of attacking and 
defending places ; and Pisun and Genoese engineers 
seem to havo had the direction of all the sieges carried 
oh by the Crusaders against the cities of the East. We 
find. them also employed in the erection of fortresses in, 
Flanders so lute as the time of Charles V. It is not, 
therefore, wonderful that a people thus exercised in 
muilial science and practice should have been the first 
to adopt an invention, which promised to render victory 
an attendant on every movement of their armies,* But 
the discovery of gunpowder does not seem to have ’pro- 
duced at once the change that might have been expected 
in the construction of fortresses ; nor to have given com- 
plete success on every occasion of its employment in the 
attack of those already existing. In fact, however, the 
first puns, except in a few cases, were so little superior 
in effect to the rams and balista of the Ancients, that 
the latter were long used in conjunction with them fur 
every military purpose to which either was, applicable. 
The most remarkable instance of such nti admixture 
occurs in that fatally memorable siege which, iu a, d. 
1453, gave the last City of the Romans to the power of 
a Turkish Sultan. The fortifications on the land side 

* Grose, ATUit. Antiq, vol. iLp. 33$, 337, &c. 

4 Grose, vbiittprd. 


of Constantinople consisted of a double wall, wiili a 
ditch in front one hundred feet deep, and extending to 
the length of four miles. Against this wall ami its 
towers, wore raised fourteen batteries of gun.-, among 
which were three pieces said to be capable of throwing 
stones weighing from six' hundred to twelve hundred 
pounds. But, with these, wc read that there were engines 
for throwing darts, and rams ‘ Ibr bailer nig the walls: 
os if the effect produced by the guns was not suffi- 
ciently great ; or ns if the breaches which they made 
acre too steep to be ascended. The ditch being at length 
filled, a movable turret was advanced "on rollers up to 
the wall, where, however, it was destroyed by the tires 
tof the besieged. Tiio guns of the Greeks are said to 
have been of small calibre, the weakness or want of 
breadth of the ramparts not permitting a heavy artillery 
to be used upon them.* 

This, however, is not the earliest instance iu which 
the ancient and modern artillery were combined •* Ibr 
when, in a. d. 13S3, the Bishop of Norwich besieged* 
Ypres, the garrison is said, by Walsingham, to have 
defended itself so well with stones, arrows, lances, Greek 
fire, mid gun*, that they obliged the English to raise 
(lie siege, and leave behind them all their artillery. t 


CHAPTER III. 

Rise of the Bastion Systnn. . 

Jn almost every Science and Art the progress of im- The traiM- 
provement has been so gradual, that the difference be- lion to a 
tween two consecutive states has, for the most part, been 
too small, to admit precise observation of the epoch at • 

which any particular Improvement took place, it ought perccpuLle 
not, therefore, to be a matter of surprise that, inMilitaiy 
History, no trace should be found of the transition from 
the ancient walls and towers, to that form and disposi- 
tion of the works which the use of artillery rendered 
necessary. But the absence of all notice- of any novelty 
in Fortification between the Greek or Homan style and 
tliat which is known to have been followed in the With 
Century, may, perhaps, be considered in itself as a proof 
that the works of that Age were those which immediately 
succeeded the constructions belonging to the Ancient 
School. It is more than probable, indeed, that, for many 
years after the invention of gunpowder, no entirely new- 
fortifications were erected, but that, on the accessible 
fronts of towns, the thickness of tlie ancient ramparts 
was increased, in order that they might be better able to 
resist the shock of a more powerful artillery. At the 
same time the great height of the walls, which until then 
had constituted their principal advantage, became a 
serious defect ; for being thus exposed to the view of the 
enemy, they were breached after a fe\V hours’ firing from 
guns planted even at a considerable distance from the 
works. It was, therefore, soon .found necessary to lower 
the Wfttlls and cover them by parapets of earth constructed 
in front; and in order to secure them against the 
attempts of the enemy to carry them by escalade, the depth 
of the ditch was proportionally augmented : hut with 

* See Gibbou, Vcc/ine and Fat!, 8fc. c. lxviii ; who iu that sple-- 
did narration of the capture of Coiutiintmnple by the Turks, b.w nr-t 
failed, with hU usual acuteness, to remark the admixture of- the 
ancient and modem Artillery '*ml expedients of attack asea distin- 
guishing feature in that memorable siege, 
f Walutighau p. 303, 30<1. 
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these exceptions, the Other parts of the same fortress re- eleven balvardi , by Giulio Savorgnano. He admits, more- Fortifica 
nvained unchanged. From the description given of the over, that this method of breaking the curtain was not he m. 
siege of Metz, in a. d. 1552, it appears, that the fortifi- new, but the invention ofa preceding Age, and asserts that, 
cations of that city then consisted of a single wall with in the year 1550, lie saw such a curtain in the fortifica* 
square and round towers; and that to put it in a state tions of Padua. It is, also, worthy of remark, that 
of defence, the Due de Guise, who commanded, raised Maggi, in describing the ad vantages of the broken cur- 
cavaliers, or mounds of earth on the exterior for cannon, tain, States that' when the enemy would attempt to 
with parapets formed of large gabions: he also thick- ' breach it by a direct fire, he must present an end of his 


with parapets .formed of large gabions: he also thick- 
ened the walls inwardly by the same means, and within 
tlieir periphery he formed retrenchments of earth strong 
enough to resist the guns of the enemy, who had breached 
• ■ ihe exterior wall in several places. 

Construe The destruction of the machicolated parapets by the 
tion of an* guns of the besiegers at an early period of the siege, by 
gulttr and depriving the defenders of the cover behind which they 
towers 8 used *° ann °y Ihe enemy when he was at the foot of the 
owers, wa jj evidently rendered it necessary that the faces of the 
towers should be seen aud defended by fires directed 
from some other part of the works ; and, for this purpose, 
the engineers of the day replaced the old round lowers 
by others with plane faces, presenting an angle to the 
front. It is alleged, indeed, that a construction of this 
kiiul hud been occasionally employed by the Ancients; 
and that some of the towers of Jerusalem, as well as 
many of those about the castles of the Nobility of a 
former Age, were of an octangular form on the plan,* 
But, let this have been as it may, the necessity for such 
flanking towers now became evident; and from within 
half a Century, probably, after the first introduction of 
cannon in the field, we may date the general practice of 
constructing such works ut the angles of the poly go mil 
wall surrounding a fortified place. A tower consisting 
frequently of two faces forming a salient angle, and 
of two flunks, but sometimes having a greater number 
x>f faces, and situated as we have described/ but of 
dimensions hardly exceeding those of the Roman times, 
was called balvardo: a name derived by Maggit 
or balvardi. from bellunguardo , signifying that which constitutes 
the strength or maintenance of battle. It is observed 
also by the same Writer that, froVn the acute angle 


battery to one of the oblique lines of the curtain ; from 
which that battery may consequently be enfiladed. In 
the plans of fortresses proposed by this Writer, the faces 
of the balvardi arc equal to about one-seventh only of 
the distance between two of those works ; the IcVtgths 
of the flanks are little more than one-twentictli of that 
distance: and half the flank is taken up with an orillonj* 
evidently intended to cover that part of the work from 
the view of the enemy : two tiers of guns are placed 
on the flanks, to fire either over the rampart, or through 
it from casemates, for the defence of the ditch. 

Tartaglia of Brescia, and San Micheli of Verona, who Probable 
lived only a few years earlier, ami were even for some .Authors 
time contemporaries of Maggi, arc mentioned as on- [hei/im ’ 
gineers distinguished for the improvements which they provemente. 
introduced in the Military Art. To the former is 1 
ascribed the first formation of the orlo t or covert-w'ay, 
surrounding the fortress on the exterior of the ditch, a 
work the importance of which has been ever since acknow- 
ledged ; and to the latter, the invention of the balvardo 
itselfi This opinion i*, however, founded only on a pas- 
sage in the V it<& excellent him A rchilcclorum of Vasari, 
which was published at Florence in a.d. 1597, where 
it is said thut, before the time of San Micheli, the bal- 
vardi were made circular ; aud Maffei, who, in his Ve- 
rona illustrata , advances that opinion, observes that 
there are still among the works surrounding that city 
some towers on which arc inscribed the dates a, n. 1523 
and 1529, at which times San Micheli is known to 
have been employed by the Venetian Government in the 
construction or repair of several fortifications in Italy 
and tile Greek Islands. t But this only shows the pro- 


formed by the two faces, the tqivers had the name of bability that such works were then constructed by. San 


puntonU (probably from their resemblance to the 
pointed head of a speur or other weapon,) and he 
adds, from the information of Marco Manini, whom 


Micheli, not that he was the first to construct them. 
Tartaglia makes mention o {balvardi, in his Qttmli cdlti 
ventionn diverse , published at Venice a. d. 1540, as a new 


he qualifies with the character of a diligent observer of invention of great importance. Brantoine and Montluc 


the things of his time, that they hail been so called 
for seventy years before; which, as his Work was writ- 
ten in a. o. 1584, carries the inventiop of this species of 
tower so far back, at least, as the commencement of the 
XV Ith Century. J 

Provisions Tile same writer alleges, that the curtain or connect- 


attribute the invention to Antonio Colonna, who was 
killed at the siege of the castle of Milan. The honour 
of the invention is even assigned to the Ottoman Com- 
mander, Aclinic t Bassa ; who, it is alleged, raised such 
at Qtranto when, a, d. 1480, be marie himself master of 
that City. But it lias never been the charueter of the 


for their de- ing line of wall between the lowers, was at first made. Turks to make discoveries in Art ; and it is more pro- 


fence from straight, and served for the defence of the balvardi or pun - 
or cmmec£ k/M.in which, he observes, consists the safety of the city : 
ing line of l ),lt ? oes on 10 sa y sinoe nothing can be made by 
wall. Art which by Art may not be destroyed, the shoulders of 
the fortress,' as he calls those works, were mined by 
the besiegers, aud then the curtain was exposed. To 
remedy this evil, he recommends that the latter should 
. be broken in two parts, forming with each other a re- 
entering angle ; and in this way, he observes, the City 
of Nicosia in Cyprus was, in his time, fortified with 

' - It may also ta deserved that some of the ancient towers of 
Ckrisbrooke Castle have the appearance of square buildings placed 
diagonally .with respect to the walls between them* 

f Maggi e Castriotto, Delia Fortif; delie Ci//a, lib. i, cap. 9. 

X Ibid, cap* 10 . 


Lmbic that Achmet only caused his engineers to copy 
the forms of works which might then have been recently 
introduced. 

In fact, after the taking of Constantinople, while the Numerous 
wars in Italy rendered additional works necessary in fortresses 
that Country, the apprehension that the Turkish power £ on t ?^y Ctl!d 
might still further extend into Europe, induced the Vc- tmn/infoo" 
netians to* rebuild and increase the number of their ibrt- xvth and 

^ : : — XVlth 

’ * An orillon, or or it Hon, (Italic? orccchione,) so called from its Centuries, 
resemblance to an car, is a prolongation of the face of a ha It ar do or 
bastion in, a semicircular or rectangular shape, beyond the flank, 
which it thus covers in a retired position from the view of thu 
enemy. , • . . 

f The bastion Del/e AfadJalpne at Verona, which, though 
small, exactly resembles one of those constructed bv Vauban, bears 
date a< n. 1257 * ' 
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FOR T I F I 

Fortiflca- refiscs in Corfli, Candla, and Cyprus. A time of great 
ti°n. political excitement, like that of which we are speaking, 
by calling into action the powers.of the human.mind, is 
favourable for the introduction of novelties ; and, to the 
improvements which then took place in the Sciences 
and Literature, must he added those made in the Art of ' 
Defence, which the new constructions would afford an 
Celebrated opportunity to put into execution. To the engineers 
engineers whom wc have above mentioned as living about the time 
A>cg° S * great change in the constriction of fortifications, ' 

^ * we may add,Cataneo, San Marino, and Albert Dnrer, who 

were nearly contemporary with each other. No particular 
systems of works indeed are ascribed to them : but* they 
wrote on the principles of the Art as it existed in their 
day ; and we seem to be iudebted to them for the first 
application of almost every work raised for the defence 
of a modern fortress. Since those days the most dis- 
tinguished engineers have been Errard de Bur le Doc, 
(a. d. 159.4,) Marchi, (a. o. 1599,) Dc Villa, (a. r>. 
1639,) Pagan; (a. d. 1645 ;) and in later times, Vau ban, 
Cochorn, and Cormontainguc. 

of lnsii° n ^ ,e nece8sil y cover * n » the curtains of masonry, 
a ml rave- 8 joined the ancient towers, to prevent them from 

iiu$. being destroyed artillery, suggested, soqn after the 

invention of the halvardo , the construction of works in 
earth in front of those curtains. These, which were 
made like the former, with two faces forming a salient 
angle, and sometimes with Hanks, were well known in 
the time of Errard* and De Ville; and the invention 
of them is by the latter ascribed to the Italians. t But 
it Appears that they were first used in that situation 
subsequently to the time of Cnstriotto and Muggi, or 
between (lie years 1584 and 1594: since the last of 
these Authors makes no other mention of them than that 
the bastion of Galti at Padua, which he designates as a 
rivcllino, or ravelin, was a work of that nature.^ It 
should seem that, at first, all works of earth, whether 
constituting part of the fortifications qf a town, or of the 
retrenchments made during the siege, were, in the time 
of Maggi, denominated bastioni; (great buildings ;§) 
and probably it was not till some time after the system 
of the Italian engineers was adopted by those of France, 
that the name of bastion was restricted to the work which 
had been made to replace the bahardo at the angles of 
the polygon surrounding the place fortified. ' It may be 
observed, that Maggi never uses the term bastioni ex- 
cept when speaking of -works made with earth ; and 
that these were sometimes constructed without due care, 
is proved by a passage in his third book, where it is 
said that Lucca Martini had built one at Pisa which, for 
want of bond timbers, gave way on one side from the 
effects of rain ; and that a like accident befell a work 
constructed with earth at Corfu, by San Micheli. The 
rivcllino , or ravelin, whose name is apparently derived 
from vcUetta t or vedetla , a watchman or sentinel, was at 
first constructed beyond the, circuit of the walls ; and 
Errard, in some places, uses indifferently the word has* 
tion and ravelin to designate a work so situated. 

The advantage of having capacious works may bo 
said to have been felt almost ns soon as the new method 
of fortifying was introduced; since Maggi complains 
that the fortresses of his day could not be defended alter 

■ 

* La Fortification ridmte eh 4r( t Hv. iii. ch. v. ■ 

f L'Inytnitur par/hit. Jvnnt-propoe, ch. li. 
t Delta Fortification* dalle Oita , lib. iii. c. 25. 

: $ Bid. c. 29. , V 


C A T I O N.. 

a breach had been made in the walls ; and assigns as a Fortifica- 
reason the smallness of the places, which would permit t * on * 
no retrenchments to be made in them. lie observes, v — " 
also, that it would be better to lay out money in making ^*'*7 ncw 
the balvardi large, the walls high, and the ditches deep, tkmsoniu* 
rather than in multiplying the number of the but- same epoch. 
vardi : for if these are too near each other, the defenders 
are liable, to receive injury when the artillery on the 
walls is fired against the works of the enemy. To Platform*, 
increase the defence of fortresses, he says, engineers had 
invented platforms, cavaliers* and casemates. The first ■ 
he describes ns^of two kinds: either small works,, 
resembling the modern bastions, but projecting from the 
middle of the curtain, and containing on their Hanks 
artillery to defend the faces of the balvardi when these 
were not very distant; or retired spaces in the curtain 
resembling the second Hanks, as they are now called, 
in Vauban’s Third System, and on which, also, artillery 
was placed lor the same purpose. The cavaliers were Cavaliers, 
•elevations of earth either on the middle of the curtain or 
at the hack of the balvardi; and ’on these, also, artillery . 
was placed, under cover of gabions^ or cylindrical baskets 
of earth, for the purpose of keeping the enemy at a dis-- 
tance by the superiority of their command. 

• Lastly, the casemates were recesses in the flanks of the Casemates, 
balvardi ; and, according to Cnstriotto,* they were sornc-r 
times made, in the form of vaulted galleries, across the 
ditch ; but he recommends that they should be built 
behind the outer edge of the ditch opposite the faces of 
the halvardo, and ou each side' of its salient angle, their 
use being, as at present, to defend the ditch when the 
enemy had entered it. The Italian - engineer admits 
that, if cannon were fired from them, they might become 
unserviceable on account of the smoke ; but he proposes 
to employ in them only cross-bows and engines for 
stones ; and he alleges that they may bo useful for gal- 
leries of countermines. The balvardi of that day were 
always made with very short ilankp, which were divided 
into upper and lower stages, cucli containing only one „ 
or two guns, and protected by orecchioni or orillvns , Orilloiw. . 
which were generally of a circular form, at the shoul- * 

(lei's of the balvardi. The guns on the lower flunk 
stood on ail open platform, protected by a parapet 6f 
masonry withembrusures ; behind them was a semicircu- 
lar wall, having its concavity outwards, which supported 
the 'earth constituting the upper "flank; and over this 
wall the guns on the platform of the balvardi fired en 
barbette, or over the parapet. Behind this circular wall 
were sometimes situated casemates, containing guns; 
which then formed a third battery between the levels of 
tiic other two. The waUs supporting the ramparts of 
the place wore occasionally strengthened by vertical or 
horizontal counter-arches. Maggi relates that such Counter- 
works were, in his day, to be seen in several of the wchi-s and 
cities of Tuscany ; and that there was at Padua a strong S aIlenes * 
one, which had been built in a, ly. 1550, from a design 
given by San , Micheli of Verona. Under the gorge or 
back of the halvardo was a Vaulted gallery, the roof of 
which was supported on pillars, and by which a commu- 
nication was made frpm One flank to the other. He ob- 
serves that this gallery may also serv,e as a countermine; 
for* oil abandoning th o halvardo, he would have powder 
deppsited in pits made on purpose under the .piers : and * 

these being blown up, there would be left a ditch 
^between the enemy and the town. ” 

* Della Fortificaliofte del/c Cilia , lib. i. c. 10. 
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Arte* speaking of the banks of earth which have been a front of fortification, in which counlerguards are Fortifica- 

observed in sonic of the old ditches of fortresses, Cas- * traced in such a mariner us to cover the faces of a large ti°“« 

tri otto proposes, in order to increase the strength of such bastion: he does not, however, recommend thenvul- 
places, to connect the banks together by a large balvardo leging the expense of their construction, and the proba- 
built round each of the towers at the angles of the an- bility that the enemy might place artillery upon them for 
ctent cirri lit of wall. Tn the plan which he has given of the purpose of breaching the inner wall. On the other 
a place thus fortified,* these works have a great re- hand, he proposes, in order to prolong the defence, that 

semblance to the counterguards in Vauban’s Second and good retrenchments should be made in the interior of a 

Third Systems ; and the idea may be considered us the bastion, or at its gorge, by a rampart formed either in a 
first step to the formation of large bastions in such sjitua- straight line or in the manner of a tcnaille. Ravelins 
lions. In the covert-way surrounding the ditch, the or bastions, connected by curtains, so as to form one or 
same engineer proposes fo place circular redoubts, with more fronts of fortification, as they are now called, and 
loop-holes in the walls, as stations* for a guard; and therefore resembling modem horn or crown works, are 
sue! i redoubts seem to have been the originals of the also recommended by Errard,* to serve as defences for 
places of arms, uubfjWptenlJy formed at. the re-entering u bridge, or to cover the subiitb of a town. 

and salient angles of that part of the fortifications. The Italian system, which, nearly as soon ns it can Remarkable 

Having’ given the dimension* 1 of the great ditch and be said to have been formed, was, as we have seen, in- example or 

glacis from the writings of C'ataneo and Tarlaglia, he troduccd into Flanders and France, appears to have j a 

points out the advantages which would arise from con- been about the same time received in England ; and, England, 
tinning the glacis at its foot below the level of the among I lie small number of military construction? which 
ground, to form what may be called an advanced ditch ; our Country can boast, it happens that one belongs to 
observing that it would impede the progress of the the first Age of modern Fortification. The example we 
enemy in making the assault,, and would prevent his allude to is exhibited in the works about Cnrisbrooke Cambrookc 

retreat if repulsed. Castriotto observes that there then Castle in the Isle of Wight. ’That •interesting fortress Castle, 

existed in France many places surrounded by what he may pass for one of the most ancient in the Country, 
calls a jhtm hrea. (faussr-braye,) or outer circuit; and (even though we should not assent to the opinion of 
from the view which he has given, it appears to have l)r. Slukcly, that it was originally built- by the Emperor 
been simply a wall detached from the foot of the main * Cnruusius,) since mention is marie of it in the Suxoti 
rampart. „ Annals.. It is supposed to have been enlarged soon 

The inventions of the Italian engineers in the Art of after the Conquest ; and the grand entrance, on the 
Fortification must have been very early adopted in the Western side, was built during the reign of Edward TV. 

North of Europe: for we find, that in the time of The old wall of the Castle is of a pentagonal 
Charles V., Emanuel of Savoy, the General of that Em- form ; it. has a Jolly keep on the North-East side ; and 
peror, built I lesdin near Amiens with spacious bastions, besides the small towers at the angles, which are 
wlmse distances fiom each other seem to, have been re- disposed with a siHient angle to the front, there is, on 
gu luted by the range of muskets. And the citadel of the middle of each of the wall# connecting them, a rcct 
Antwerp, which is thought to have been the first regular angular projection having one. side parallel to the length 
fortification constructed in that manner, was built in the of the walk probably for the purpose of defending the 
reign of Philip IT. bf Spain. In the time of Errard, faces of the collateral towers. Tn the time of Elizabeth 


Its ik-ve- however, who wrote in a. d. 1591, we find that large bas- 
l».»>eincat by tions, or boulevard us he sometimes designates them, 
Rar fe i!)uc * 1,u * ^ )een P :l>er *dly introduced either as outworks in front 
theVathortif l) * round lowers of ancient fortresses, or to supersede 
th<* modem the latter entirely ; and, in the designs which that en- 
ArtofFor- giueer has given as then new, they always form pail 
t it ic ut i on in of the circuit, and arc constructed- at the angles of 
ranee. the polygon as in modern fortifications. But their 
flanks, which are double or triple, arc short, and arc 


the Castle was surrounded by fortifications, enclosing 
an urea considerably greater than that within the an- 
cient walls, and Iming the parapet on a much lower 
level than the summit of those walls. These for I i ficti- 
tious arc constructed on an irregular pentagon, with 
bastions at the angles ; and on two of the fronts the 
flanks are simple and rectilinear, but on the others they 
are protected by rectangular orillons. The rampart is 
revetted with a stone wall ; and in each of the retired 


protected by circular or rectangular ori lions., Erratd 
sptsfksf of ravelins and bastions as of detached works, 
added in front of the curtains betweep two small 
towers; and when the curtain is long, he proposes to 
have two such works, either separated from each other, 
or connected by u curtain, and he denominates the 
whole a leniulh , expressly stating it to be of use in 
affording room for the defenders, which was wanting 
in the ancient circuit. It is remarkable, however, that 
he has shown ravelins of the modern kind in only one 
of his own designs ; and in that they appear to be with- 
out ditches, and to resemble merely re-entering places of 
arms; We n»ay add to this brief account of the works of 
one who may M considered as the father of French 
military engineering, that lie has giveuj an example of 


flanks, which arc perpendicular to the curtain, are two 
apertures, intended as embrasures for small pieces ot 
artillery. On two of the fronts of fortification there is, 
between the flanks, a bank of earth in the form of a 
modern lenaille; and beyond fhe ditch, in what may 
haye been a sort of re-entering place of arms, there still 
rcmaiuK a small elevation of earth, of a semicircular 
form, apparently intended as a ravelin, or, as this kind 
of work v;as sometimes called, a half-moon. In the 
area between these fortifications and the Norman walls, 
arc elevations uf earth which appear to have served as 
traverse?, and as cavaliers to give the defenders, in the 
manner of the works of that Age, a command over the 
neighbouring heights. On one of the bastions is in- 
scribed the year 1568, and the works arc saidt to- have 
been executed 4>y an Italian engineer named Gencbella, 


* fictla Fortifitatione def/c Citta, lib. ii. c. 3*1; 
f La Fortification ret iutittn Art , liv. iii. ch. v. 
I Ibid. Jir. ii. ch. x. 


* ■ La Fortification ridutfc en Ari f . 11?. iii. ch. is. 
t «Vi(lc Beauties of England and Wain, vol. vi. 
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Fortifies- who was brought from Flanders for the purpose. Their trious Queen, may, with what has been before said, bo Fortified 
tion. great resemblance to the fronts of fortification in the considered as a proof, that in her days the new method tiun. 
System of Krrard, who was contemporary with our ill us* of fortifying places was practised nearly all over Europe. 


PART II. 

MODERN SYSTEMS OF FORTIFICATION. 


CHAPTER I. 

General Description of a Modern Front of Fortification, 

I'm the go- Having briefly traced the History of the Art of For- 
neral ;ip- tifyingfroui the earliest Ages to the period at which the 
pear.ince of general adoption throughout Europe of the Bastion 
foiTrcsles Sy R<em nm Y * ,e sa 'd to l ,avc introduced and established 
vide "pinto i. nil the most essential principles in the Modern Science 
tig. ‘J. of Defence ; wc mwy next proceed to give some account 
of the various forms of construction for fortresses which 
have been since practised or proposed. Before, how- 
ever, wc enter on this description, it will he proper, in 
order to render it more intelligible to the general reader, 
Form of ihu to explain the form of a rampart and parapet, and the 
ib lb* a nt nature of the works which constitute what is called a 
work* 0 * l ,,m l of fortification. Fig. I, plate It. represents the 
r< ’ .. plan of a front with i{s outworks; and fig. 4 is a profile 

11 and 4* or JAT, ’ on ta l {cn 0,1 thnl part of the plan which is dc* 

1 ‘ signaled hv the dotted line AB. # A horizontal plane. 

Rampart, passing through this line iu fig. 4, represents Hie plane 
of site or level of the country ; and a b net is the mass 
of earth forming the rampart and parapet : the earth is 
procured by excavating the ground in front; and this 
excavation constitutes the main ditch, the profile of Which 
is vr si. The line a b is the interior slope of the ram- 
part ; and this is made gentle enough to permit the 
defenders to ascend or descend it on oecasion with to- 
lerable facility. The line b n is the terreplein of the ram- 
part, or level space on which the troops and cannon arc 
placed for the defence; and its breadth is from thirty-six 
to forty-two feet, to allow of a free circulation in rear of 
the guns when in battery. Its part cn is the ban* 
quelle or step, on which the soldiers stand to fire over the 
Parapet. parapet ; and it has a slope m c towards the rear, the 
base of which is equal to twice its height. Again, d e t the 
height of the parapet, is so regulated as to procure suffi- 
cient cover for the men and guns upon the terreplein. , 
When the fortifications are constructed upon a level 
plain, seven, feet and a half , suffice for this purpose. 
The superior slope ef of the parapet is • directed as 
nearly as possible to the edge t of the Opposite side of 
the ditch, in order that i\ man, when tiring over the 
parapet, may without difficulty see the fenemy there. The 
iin efi is the exterior slope of the parapet, which being 
made of earth stands upon a base', equal to it$ height, 
for the sake of stability. The thickness of a parapet at 
its upper surface is generally About eighteen feet, tlmb 
the work may not be pierced by shot from the heaviest 
.Revetment, artillery. The rcvetmrni % or wail of masonry (i r p) 
or sustain* supporting tile rampart, is made of such solidity, that 
g w * its resistance may be more thaa equal to the pressure of 
the earth above and behind it ; and op is the buttitee or 


counterfort placed behind the revetment, to increase the 
strength of the luttcr. The buttresses are placed nt Buttresses, 
distances from each other of fifteen or eighteen feet, <lP ( ' ,mntcr * 
reckoning from •centre to centre, as is shown in fig. 5, 
which represents u portion of the ground plan of the * ' 
masonry *on both sides of the ditch. The height of the 
Wall i r should be so great as to render escalade very diffi- 
cult or impossible ; and for this purpose thirty or thirty* 
five feet may suffice. Nevertheless, k its top i is not 
allowed to rise above the level l k of the crest of the 
parapet of the covert-way : the reason for which is, that 
no part of the masonry should be discernible from the 
enemy’s distant batteries, lest being breached from them, 
the parapet should fall, and thus expose the terreplein 
of the rampart. 

. From what has been said, it -must be evident to the Ditch, 
reader, that the depth of the ditch is almost a fixed 
quantity: since it must depend upon the necessary height 
of the escarp , which is the name given to the outer face 
of the rampart. This is particularly the case when the 
ditch is a dry one : but there is no such absolute neces- 
sity when the latter contains a depth of water equal to 
six feet, which is deemed sufficient to prevent the enemy 
from wading through it to the assault, ov to surprise the * 

place. The breadth of the ditch must, in a great mea- 
sure, depend upon the nature of the soil. If dry, the 
least breadth it ought properly to have should lie equal 
to once and a half the height of the rampart : in order 
that the rubbish of the breach may not extend across it, 
and fornish the enemy’s sappers wherewith to commence 
their passage, after they have pierced through the wall 
l s, which terminates the ditch on the side next to the 
Country, ft limy be added, that a dty ditch, if very 
narrow and deep, opposes an almost insurmountable 
obstacle, to the enemy when he wojild destroy the escarp: 
since it renders him unable, from the crest of the glacis, 
to see the Wall sufficiently near the foot fallow a prac* f 
ticahle breach to be made ; or obliges him to R form his ■ 
batteries on the terreplein of. the covert-way, in which 
situation they must be rooted, in order to secure his 
gunners against the hand-grenades which the defenders 
may shower on him from the parapet In these circum- 
stances the besieger would probably resort to mines, as 
the only means of effecting his purpose : but here again 
he^ might be oppo&d by expedients of a similar nature, 
of which we shall give a description in its proper place. 

If, howeycyr, the 1 ditch be a wet one, and that the enemy 
cannot possibly drain it, the. wider it can be made the 
better; as- the difficulty of forming a fascine passage 
across* it will augment in proportion* (o its width. 

The opposite side of the ditch is called the counter* Cumt-way, 
scafy to distinguish it from the escarp. This ought 
always to, be supported by a masonry revetment t r, of 
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more complicated : in order to screen at least a small 
portion of the artillery of fortresses from the sweeping 
ricochet fire, which his own practice had introduced 
and to* prolong the defence after a breach should be 
formed in the face of a bastion. 

The method which he seems generally to have fol- 
lowed in his constructions up to the year 1688. and 
which writers have denominated his First System, differs 
in many points of detail from that of Pagan, lie 
makes the distauce between the salient angles of the 
nearest bastions equal to three hundred and sixty yards; 
and, in assigning this length to the side of the exterior 
polygon, he was influenced by the consideration tliat 
the raitge of the wall pieces, by which the defenders of 
the flanks were to oppose ihe construction of the enemy’s 
counter-battery on the crest of the opposite glacis, was 
equal to about three hundred yards. For, thence hiking 
off forty yards for the supposed breadth of the main 
dilcli and the covert way, then* would remain two hun- 
dred and sixty yards for what is called the length of the 
line of defence ; and to this adding one hundred yards . 
for the face adjoining* to the flank, on which the de- 
fenders were stationed, the front of fortification will be 
found of the length above-mentioned. Vauban’s reason 
for making the iat*s of the bastions equal to about one 
hundred yards in length, was that, in the inferior poly- 
gons, there would then be sulficient breadth at the 
gorge to allow a free communication between the bas- 
tion and the interior of the place. He. then traced the 
flanks in directions forming angles of about ciglily-one 
degrees with the lines of defence, in order that the fires 
from thence might take in reverse the assailants when in 
the act of storming the breach made in the face of a col- 


which otherwise was in some polygons intercepted by Fortifier 
the re-entering angle of the counterscarp. He aug- tl un. 
roented considerably the size of the ravelin ; muking its ' 

faces about equal in length to those of the bastions, and 
directing them to points taken on the bastions at ten 
yards from the shoulder-angles, in order to cover, in 
some measure, those shoulders from the fire of the 
enemy’s counter-butteries at the salients of the ravelin.- 
He made the re-entering places of arms. more spacious 
than they were before ; gave ten yards to the breadth of 
tlie Covert-way ; and placed traverses across the latter, 
at certain intervals, to increase /its means of defence, 
and protect the men there from the effect of the ricochet. 

Notwithstanding all these improvements in the System uj s Second 
of fortifying, many ameliorations were yet requisite to System, 
keep pace with the ascendant which the attack was 
rapidly gaining over the defence. The numberless 
instances of capitulations being made as soon us a 
breach was practicable in the body of the place, owing 
to the unwillingness of Governors to risk the conse- 
quences of an assault, convinced. Vauban that some 
contrivance must be resorted to, which would obviate 
the evils of dependence on a precarious retrenchment 
made during the siege. With a vie\* to this object, 
when instructed to fortify Landau, he separated the 
bastions from the body ot the place by a ditch about 
forty feet wide, in order that, after the breaching and 
capture of the bastions, the besieger might be compelled 
to recommence operations against the enceinte. The 
angles of the latter were fortified by small pentagonal 
towers of masonry, called tower’ bastions : underneath See fig. 12. 
which he contrived casemates for two guns in each 
flank, and bomb-proof barracks for the troops along the 


lateral bastion. The length of the flanks must evidently faces, besides powder- magaziues in the centre. This 
depend on the angle at which the lines of defence inter- inode of fortifying is distinguished by the name of 
sect each other; and this was determined by letting fall Vauban' s Second System: but Befort is the only fort- 
from the middle of the side of the polygon, towards the ress besides Landau, where it has been executed. The 
interior, a perpendicular to that side, and making, its System, although in some respects stronger than the 
length equal to one-sixth of the length of that side in preceding one, left nevertheless much tooui for improvc- 
all polygons greater than the pentagon. The extent of meut, of which Vauban seems to lurvc been aware : for 


the flank thus became somewhat greater than that of 
the battery which the enemy could construct to dismount 
Its guns : while the flanked angle of the bastion con- 
tinually increasing with the number of sides in the poly- 
gon, the interior of that work became proportionally 
more capacious, and its faces less liable to the action of 
the ricochet. The above rules of construction also 
render the curtain joining the flanks of two bastions 
long enough to permit the defenders of those flanks to 
see the whole of the ditch between them ; and it is there- 
fore evident that no attempt of the enemy to surprise 
the enceinte can succeed. 

The earlier modern engineers had, with a view of 
> increasing the defence of the enceinte, surrounded it. 
With ii Jawse bruit, or attached parapet on a lower level 
than the principal one : but this work being subject to 
several defects, particularly to a plunging fire from the . 
enemy’s lodgements on the glacis, was superseded by the 
ienaille , an invention of V auban, who constructed it, 
for ike first time, when ordered to repair the citadel of 
. Ljlle, For the purpose of covering the postern in th<e 
Curtain, and defending the main ditch and the terroplein 
of the ravelin. lie also directed the counterscarp 
towards the angle of the shoulder of die opposite bastion 
. instead of drawing it parallel to the faces, as in Pagan’s 
outline j by which he gained the advantage of laying 
open the wtiole of the ditch to the fire of the flank. 


in fortifying Neu Brisock, he increased the size of the 
ravelin, and gave it a redoubt. The tower bastions His Third 
were likewise made larger ; and the curtain which united System, 
them was broken inwards ; so us to form two small Sec 13 , 
flanks, underneath which casemates for cannon were 
constructed, to cooperate with those of the tower bas- 
tions in the defence of the ditch. This assemblage of 
works constitutes what is commonly, but perhaps im- 
properly, called Vauban 9 s • Third System : for that 
great engineer did not himself write o;i the fortifica- 
tion of places ; nor does it appear that .he ever professed 
to follow any exclusive method iu his construction? ; 
but rather that he always adapted, the nature and dis- 
position of his works to the circumstances of the sur- 
rounding ground. Both these latter Stystems, although 
calculated to prolong the defence, were of much too 
expensive a nature to admit of being frequently put in 
practice in any state. An opinion moreover has very 
generally prevailed, that the smoke from the priming 
would tender it impossible to remain in the casemates 
during the firing of the guns, owing to the want of 
ventilation. To ascertain whether or not this prejudice 
Was well founded, the French Convention, in the year 
' 1794, ordered an experiment to be tried iu them by 
General the Citizen Desnuyors. This was done in the 
nresence of the Governor and all the Gurrison Staff of 
Ncu Brisack. The result proved that the caaeunaies 
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lortifica- under the flanks of the tower bastions were perfectly 
tion. serviceable, however briskly the Are might be kept up 
’ in. them; arid that the small ones under the curtain 
flanks were equally so, provided the gunners were re* 
lieved every quarter of an hour. In both cases, how* 
ever, it appeared that loose powder ought to be substi- 
tuted for tubes as priming; and that, for firing, slow 
match should be used in lieu of. port-fire, the smell and 
smoke from the former being less offensive. ' 

CoKuo&Nf For the sake of chronological exactness, we shall 
next notice Codhorn'a Systems, although their exclusive 
appropriateness to marshy soils might fully justify our 
speaking of them separately, without interrupting (he 
present sketch of the progress of .improvement in the 
Art of Fortification. Coehorit was the Vauban of the 
United Provinces ; and like his great contemporary, lie 
excelled in the Science of Fortifying, and of attacking 
and defending places. His talents and achievements 
accordingly raised him to the highest posts in the service 
of his Country ; and the works which he has executed 
justly entitle him to the admiration of the Military 
World. ' His ideas were adopted, with such modifica- 
tions as localities rendered necessary, at Nimegucn, 
Breda, Mattheiift, Namur, and 'Bergen-op-Zoom. In 
As D. 1685 he published his three methods for construct- 
ing the fortifications of places: the First, which he 
formed on a hexagon, was intended to be raised on a 
foil, underneath the surface of which water is supposed 
to be fouml at a depth of four feet ; his Second System 
is formed on a heptagon, and is adapted to a soil three 
feet above water ; and his Third is on an octagon traced 
on ground five feet above water. The principal aim 
which he had in view was both to cover and flank his 
works more effectually than had until his time beeu 
done ; to deprive the enemy of the space necessary for 
his batteries, and of soil for his approaches in the dry 
ditches ; and moreover to surround him with cross fires 
whenever, by dint of perseverance, he inight have pene- 
trated into the works. 

His First . From the brief view which we are to give of the 

System. means employed to arrive at these ends, it will be evi- 

dent to the reader that the reason why Coehorn exclu- 
sively chose marshy soils for the sites of his Systems, 
must have been that he had the interests of his native 
laud along in view ; and that lie would have succeeded 
equally well in appropriating defences to localities of 
any kind, is manifest from the tnprit displayed in the 

Sec fig. M. construction of Fort William at Namur* In his First 
System he has a capital or interior bastion, the revet- 
ment of which Is hidden from the enemy’s first batteries 
by .the unreveUcd thee of on exterior bastion. This 
un re vetted or low face has between it and that of the 
capital bastion a dry ditch, the surface of which is but 
six inches above the natural level , of the water, by 
Which means it is rendered impossible for the enemy to 
establish himself in this ditch without undergoing the 
laborious process of bringing soil with him from the 
Tear for the purpose of cover. This dry ditch is de- 
fended by six guns in a casemate uudcr .the stone tower 
placed at each shoulder of the exterior bps tion ; and 
the tower being mteqmiected with' the flank of the capi- 
tal bastion, covers it completely without taking up any 
portion of its length. A vaulted and loop-holed gallery 
.extends along the interior of the low exterior face under- 
neath the banquette, and communicates with tjie case- 
mate In the tower; there are numerous doors /made 
in this gallery to facilitate t he egress and ingress 
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of sorties; and it is moreover partitioned off at every Fortifier 
eighteen feet by strong doors, that it may he defended th>u. 
foot by foot. Another considerable advantage which it 
possesses, is that of serving as a gallery of mines, from 
whence any lodgement which the enemy might attempt 
upou the low unrevetted face may he destroyed. Besides 
these defences, the dry ditch has a pal i Bade provided 
with numerous barrier gates, extending along the front 
of the escarp of the capital bastion ; aiid the space thus 
enclosed is swept by two guns placed at each extremity, 
or near the shoulders of that baslipn. A vaulted, loop- 
holed, half-buried communication passes along’thc capi- 
tal of the dry ditch, from a gallery of mines at the hack 
of the escarp of the capital bastion, to the gallery under 
the exterior face.- .This communication, or covered ca- 
ponntere, being partly sunk under ground, is necessarily 
made cistern-like, owing to its being beneath the natural 
level of the water, which, when the defenders are obliged 
to abandon it, may be let in by means of a sluice to 
prevent its being of any service to the enemy. The 
stone tower before mentioned is separated from the dry 
ditch by u small wet one, twelve yards wide, defended 
by three gun* placed behind a wall lit its interior ex- 
tremity. The communication over this ditch is by two 
bridges: one conducts to the space Without,, and the 
other to that within the palisades above mentioned. 

Another small wet ditch situated in front of the orillon* 
or stone toVver, and of the flank which connects the 
latter with the curtain of the enceinte, serves as a har- 
bour : it communicate* with the main ditch by a covered 
passage for boats, rafts,' &c. The dry' ditch between the 
flanks of the capitul and exterior bastion, is defended by 
four pieces of cannon placed in a casemate, which in 
formed in the part of the curtain joining those flunks : 
through this there is u postern communicating with all 
the lower works, • 

The main ditch is defended by three flanks: that of 
the capital bastion ; that of the inferior bastion ; and that 
of the tenuille, or, as it may be called, the lower cur- 
tain. The latter flank is kept lower than the curtain 
und face with which it is connected, in order to allow the 
fires from the works in its rear to pass over it ; and tl»c 
curtojn and face have, a greater relief givou to. them, the 
first that it may the better cover the principal curtain, and 
the second that it may more effectually screen the low 
flank. A communication is made *into the spucc be- 
tween the Kvo curtains, by means of a postern in the 
middle of the enceinte. The capital ravelin is revetted ; 
and in front of it is a dry ditch, which is covered by the 
unrevetted rampart of the exterior ravelin. This dry 
ditch is defended by the fn'ces of the capital and lower 
bastion, by the upper part of the tower, and by the 
double fire from the coff'en ot splinter proofs, which are 
formed across it* extremities, near the main ditch. It 
moreover derives a defence from a covered capon nicre 
joining the salient angles of the exterior and interior 
ravelins, similar to that already described, in* the dry 
ditch of the bastion ; and from a row of palisades ex- 
tending along the foot of the escarp of the exterior 
ravelin. THe two splinter. proofs are sheened from an 
attack by storm, by a small wet flitch, which is defended 
by; a loap-Iioled gallery under the face of the lower 
ravelin. 1 This loop-holed gallery serves as a connnuuica 
lion into the dry ditch ob the ravelin, for which purpose 
doors arc made at. its extremities ; mid a postern placed 
under the face of the capital ravelin completes the com- 
munication to the interior of the latter. The passage 

2(i2 
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l'oihficii- from behind the splinter proof to the space enclosed Ixj- 
•tion. tween the palisades and the escarp, is by d small bridge. 
There is likewise a postern passing under the Capital of 
the revetted or interior ravelin into the caponnifcre, . The 
three flanks which defend the main ditch can only be 
counter-haltered from the earthen counterguards which ’ 
fcover the bastions : but as these consist only of a parapet 

• and a double banquette, the enemy ubuld be. unable, 
from want of room, to establish a battery on them. . The 
covert-way is of a great breadth, (seventy- two feet,) and 
it slopes ' gradually inwards to the water’s edge. The 
faces of the re-entering places of arms are provided with 
loop-holed .coders of splinter proofs, for tne defence of 

’ the glacis by a double and grazing fire. A loop-holed 
w all serves as a redoubt to tne place of arms ; and pali- 
sades placed along the branches, faces, traverses, and in 
front of the above-mentioned redoubt, complete the de- 
fensive dispositions of the covert-way. 

We slmll 'iiot attempt any detail of the advantages and 
defects of the System just described ; nor the mode of 
attacking or defending it : for the curious reader may 
find them in the Author’s own Work. Hut it is allowed - 
by the ablest engineers, that notwithstanding some little ' 
imperfections, (and the whole invention it must be re* 
'membered was prior to that of jricochel firing,) this 
System is capable of the most obstinate resistance, by the 
numberless expedients which it enables the besieged to 
oppose to the assailants. It may be added, that it 
would also require to be very judiciously and most 
vigorously attacked ; and that the siege could only be 
abridged by the simultaneous employment of a very * 
numerous artillery, and by the deveiopement of new 
incans. One of these would probably consist in firing 
shells into the earthen masses of the counterguards, with 
a view of producing explosions therein, similar to those 
of small mines ; for cannon 1 has been found to produce 
too slow and too imperfect an effect. 

Hi* Second Coehorns Second System, which he applies, as was 

System. said above, to a heptagon, consists of a capital re- 
fig. 1 ve tted bastion, 'the upper and middle flanks of which 
are covered by the projection of the orillon. A wide 
dry ditch extends round this capital bastion, having 
its surface nearly on a level with the water. This ditch 
is covered by an unrevetted rampart, underneath which 
is a gallery, with loop-holes looking into it, in order to 
afford a reverse fire upon the enemy when he may have 
penetrated so far. The ravelin with retired flanks is 
connected with un imrevetfed rampart 'surrounding the 
enceinte ; and a jow curtain, or in other words, a tenaille 
with flanks, in front of which is a small wet ditch, covers 
the curtain. By this disposition, die whole, of the en- 
ceinte may be defended with still greater advantage than 
in the First System, by strong sorties of cavalry as well - 
as infantry. A row of palisades extending along the 
dry ditch in front of the capital face, covers the retreat , 
of the troops. An uninterrupted counterguard, placed / 
beyond a broad wet ditch, form* a third enceinte or en- 
velope; each branch of. which is divided and flanked 
by a traverse; and a ditch and covert-way, similar to 
those of the First System, surround this tlnrd enceinte! 
The advantages of this System consist in a greater 
' ■’ facility of communicating with the second .enceinte, 
and of defending it by numerous bodies of troops of 
all arms, owing to the uninterrupted continuity of. 

. . the .brood dry ditch; and in the economy of its con- 

* strnction, it being much less expensive than the First 
System.' 


Coehorn’s Third System Is that which he himself most Forbflca- 
esteemed ; but as no one agrees with him on the sub- 
jectiind as it has never received the honour of execution, ^ 
and is moreover the 'most expensive of the three. we ‘ 

shall not, in ; the limited space allowed us, enter into 
a minute detail of its construction or uses. The reader 
is by this tiuie sufficiently familiarized with the subject 
to be enabled, by on inspection of the figure, to form Set* fig. 10. 
jx competent Idea of the defensive dispositions coutaiued 
jn iw 


CHAPTER III. 

Improvements subsequent to the Jge of Vauban and 
CVehorn. 

In returning to the fortifications which are appli- 
cable as well to dry as to wet soils, we shall pass over 
in silence the throng of Writers, contemporaries or im- 
mediate successors of Cofchorn and Vauban, such as 
Borgsdorf, Sturm, Ilerlire, Glasser, &e. ; and proceed 
immediately to Cormontainguc, whose valuable improve- 
ments on tne ideas of Vauban, give him a claim to the 
honourable distinction of being the principal disciple of 
that’ illustrious engineer. From the general merit of 
its defensive properties, joined to economy in materials, 
the Method of Cormontaingne may, perhaps, be con- 
sidered as that which is most likely to be adopted as a 
basis of construction Vlien circumstances shall require 
the formation of new, or the restoration of any existing 
fortresses. 

Cormontaingne places the points of his bastions at the (Wmon. 
same distance as that prescribed by Vauban in his taingne'* 
First and Third Systems-: that is, three hundred and ^ * 
sixty yards. . The magistral line of his front of (ortifi- *' 
cation is traced in nearly the same manner as in the 
Systems of Pagiin and Vauban : that is, the positions of 
the lines of defence, or the produced faces of the bas- 
tions, ore determined by the length of a perpendicular, 
let fall from the middle of the side of the exterior polygon. 

The faces are made one hundred and twenty yards ioug ; 
and the flanks are at right angles with the faces* of the 
opposite bastions, in order that the fires from thence may 
effectually graze those faces. In making "the face of 
his bastion longer than Vauban did in his original 
method, he certainly shortens the flank, but he brings 
the latter closer to the object which it has to defend. 

The augmentation of size in the bastion, renders it ca- 
pable of containing such interior retrenchments, as may 
enable the body of the place to. sustain many assaults 
ere it be forced to capitulate. Of ‘the nature of these 
works in reserve, mention will be mode under the head of 
Interior.Rctrencbments. The cre$t.of the counterscarp 
of the main ditch is drawn towards what is called the 
interior shoulder angle of the collateral bastion : that.is, 
towards tho “point on. the plan which represents the 
meeting of the crest of the parapet on the face and flunk ; 
by which Kravis the direct* fire of 'a man stationed at the 
shoulder will graze, the exterior side of the ditch. In 
order to correct the principal defect of Vauban’s ravelin, 
which does not sufficiently cover the central part of the 
enceinte, Cormontaingne has constructed his upon a 
larger base. Haying also made it without flanks, he 
has reserved the latter for .the redoubt in its interior, 
from which the besieged will be enabled to have a. 
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Fortified- reverse fire upon the breaches of the collateral bastions ; 
tU )n - so that the assault on ’the latter becomes impracticable, 
until after the entire capture of both the ravelin and its 
redoubts. It is only .by giving greater saliency or pro- 
jection to some of the works* that a simultaneous attach 
upon the whole 'of the defences, may be. prevented ; as 
otherwise the enemy being: able to embrace the whole at 
once, would not be compelled to attack in detail what 
might be carried* by a single operation. Cormontaingne, 
therefore, makes his Ravelins project considerably be- 
yond z line joining the salients of the collateral bas- 
tions ; and thus the enemy becomes unable to attack 
the latter until he has gained possession of the former,, 
on account of the reverse fires which might from thence 
be directed upon hid reproaches. The taking ot the bas- 
tions is therefore retarded by the time which must bo 
spent in working up their glacis after the ravelins have 
fallen. 

These were not the sole improvements now effected in 
the ravelin.. Cormontaingne observed, that in those 
works at Neu Brisack, Vauban had given such a 
breadth to them, that not only could the enemy there 
find room to establish batteries for breaching the re- 
doubt, but the •latter was by this same reason dimi- 
nished to an almost insignificant size. He therefore 
reduced the ravelin to the smallest breadth possible,, 
consistently with the necessity of placing guns on it for 
flic defence; and he augmented the size of the redoubt 
so as to render it even capable of being retrenched, and 
of covering from the fire of the enemy's lodgement at the 
salient angle of the ravelin, the covjmros # or traverses, 
which might be placed near the lower extremities of the 
faces of that work in order to prolong its defence. 

Cormontaingne also proposed to trace the demigorges 
of the ravelin and its redoubt, in the directions of lines 
drawn from the flunked angles of the collateral bastions, 
through the interior extremities of the parapets of the for- 
mer works : by this construction there is free space afforded 
lor the tire of artillery in casemates formed in the flanks of 
the redoubt, into the breach made in the face of a collate- 
ral bastion; and the passage from the caponniere into the 
main ditch is concealed from the view of the enemy when 
lie has crowned the opposite crest of the glacis. To afford 
to the covert-way, and particularly to the long branches 
of it in front of the ravelin, a powerful support, which 
might enable it to oppose an obstinate resistance, and 
allow of sallies being made to destroy the enemy's lodge- 
ments even after they were effected, he constructed re- 
doubts or retrenchments in the re-entering places of 
% arms, with revetted escarps and counterscarps, and for 
*■ * this purpose he considerably increased the size of those 
places of arms. 

In any System of Fortification with small ravelins, the - 
besieger has it in his power to breach, iit the same time, 
two bastions and the intermediate, ravelin : whereas in 
the Method of Cormontaingne, it becomes indispensable, 
when it is desired to attack two bastions, to take thretf 
• ravelins ; and the attack of one sole bastion entails that 
of the ravelins on each side of it; unless the place be 
surrounded by a polygon of a very few sides,; Whenever 
the besiegers are able to breach aiid assail two bastions at 
once, .it is evident that the attention of (lie garrison must 
be divided and consequently weakened ; and in this respect 
the System of Cormontaingne has a .decided advantage 
over that of, Vauban : for when the attack can embrace 
no mote than a single bastion and two ravelins, the en- 
ceiut© being breached in due place only, the defenders 


nave it in their power to concentrate all their forces at Fortifier 
that place, m order to oppose the last assault. ]* u t < ti«n.. 
from the octagon upwards, the necessity of attacking 
several ravelins can with great difficulty be eluded by 
this besieger; and this necessity increases in polygons of 
a greater number of side*; in proportion to the nmgni- 
tude of their angles. Hence it follows, that when two 
or more contiguous fronts are developed upon the same 
.straight litie, this property arrives at its maximum ; and 
that it becomes impossible to conduct, the attack be- 
tween two ravelins against the covert-way of a bastion 
by the ordinary process. The property also which the 
ravelins possess cf seeing, reciprocally, in reverse the 
enemy’s lodgement on each other's govert-way, increases 
also in intensity with the size of the polygon, and like- 
wise attains its maximum on the strolght line. The 
Covert- way, with the exception of th$ places of arms and 
redoubts already mentioned, remains nearly the same us 
in Vaubaii’s constructions. s 

The figure of which we have made use on Plate ii. to Modem 
4 explain the names and uses of the different. parts which ftp* 6 ”?’ 
constitute what is called a front of fortification, is con- 
strutted upon the Modern System, or iu other words, ** 
Corinontaingne's Method, with such improvements os 
modem engineers have thought it expedient to add. 

The ravelin is made to cover the shoulders of the has- . 
tions more effectually, and as great a projection is given 
to it as possible, consistently with the necessity of keep- 
ing its salient angle within the limit of sixty degrees. 

Each .of its faces is retrenched by the coupures or cuts 
through the rampart at j?p t which prevent the enemy 
from taking the redoubt of the re-entering plucc of arms 
in the covert-way in reverse, without first possessing 
himself of the redoubt in the ravelin: when the ubove 
retrenchments of course fall of themselves. The direc- 
tion given to the faces of the redoubts oo in the re- 
entering places of arms more effectually preveuts the 
enemy from enfilading them, that is, - sweeping the 
whole of their length from batteries erected on the crest 
of the covert-way. The place of arms itself is here 
made circular, w ith the same view of avoiding the enfi- 
lade fire. . 

The chief of all these -improvements is the increased jfs advan* 
projection and size of .the ravelins ; but the credit of tages. 
this cannot be justly claimed by modern engineers : it 
being well known that it was designed by Cormon- 
taingne for his work of Bclcroix at Metz ; and that he was 
only restrained by the French ministry of that day from 
putting it into execution. Cormontaingne, likewise, had 
it in contemplation to make a difference in the depth of 
the main ditch and that of the ravelin ; from whence 
would have resulted three important advantages : ' 

1. The , ditch of the ravelin being, several feet less 
deep than the main ditch, the sudden declivity, which is 
supported by a wall, would prevent the enemy from 
turning the ravelin When he shall have got into its’ ditch ; 
and would, moreoNer, compel him to blow down the 
Wall, in order to make a descent into that of the enceinte. 

Under cover of the sudden declivity, the troops of 
the garrison can circulate through the main ditch in per- 
feet. security until the enemy is established on the covert- 
way of the bastion. . . 

*. 9* The" fire of artillery from the bastion’s face along 

thd ditch of the ravelin is rendered somewhat more 
grazing, and consequently capable of producing a greater 
effect against the enemy when he gains an entrance into 
that ditch. 
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The revetments ere likewise proposed by modern 
engineers to be made vertical, as shown in the profile, 
fig. 4 , experience having proved that perpendicular 
escarps have some advantages over those to which a 
slope is given as on the latter (even oil many of Van- 
ban’s construction, which have a slope equal only to one- 
fifth their height) weeds are found to grow, ‘which, 
assist materially in their dilapidation. Many of the 
escarps above alluded to, in the French fortresses Which 
were built in the reign of Louis XIV., are already, from 
this cause, falling into ruin : whereas many vertical walls 
standing near them, and which arc of an earlier date, 
ate still in good condition, exhibiting no signs of vege- 
tation .on them. It must not from this be concluded 
that Vauban was unacquainted with the fittest profile 
for a revetment. In fact, walls whose exterior faces arc 
formed with a small slope, better resist the shock of 
breaching artillery, than those whose fiices are vertical ; 
and it may be added that the construction of the former 
is more economical than that of the latter, since, with a 
profile smaller in area, they present an equal resistance 
to the pressure erected against them by the earth com- 
posing the rampart and parapet. It is probable, there- 
fore, that what are culled vertical revetments can, with 
propriety, he only applied at the counterscarps of ditches 
which are,' from their situation, but little exposed to the 
artillery of the enemy. Revetment walls are now occa- 
sionally strengthened by vertical or horizontal counter- 
arches. The former of these are portions of cylinders 
standing on their bases and connecting the tails of the 
counterforts; and their convexities arc turned towards 
the. mass of the rampart, that they may be better able to 
resist its pressure outwards: the hitter are disposed in ■ 
tiers, one above another, and rise from the sides of the 
counterforts: the arches and countci forts are but slightly 
connected with the front wall, that when the latter is 
destroyed by breaching, it may hot bring down the 
others in its fall. 

What lias been hitherto said of the Systems of differ- 
ent engineers, relates exclusively to those in which the 
bastion outline has been adopted : but, although that 
method, with trifling variations, has alone been reduced 
fo practice, it is here proper to notice some objections 
which have been raised against it. Foremost among 
the opponents of the Bastion System stands the French 
General Montalembert. He was, however, not the first: 
for Wcrtlunuller, a. d. 1685, and after him Landsbcrgcn, 
Augustus II. Elector of Saxony and King of Poland, 
liollersheim, and Herbert, had written upon the supe- 
rior advantages of a line of rampart which should pre- 
sent a succession of salient and re-entering angles. Into 
the value of the reasonings which have been offered in 
favour of such a disposition of the rampart, both on the 
ground of economy of construction and powevs of de- 
fence, it is not here our province to enter. But though it 
may be easily proved that the Bastion System is not 
without many defects, yet, when the infrequency of 
.opportunities for the erection of entirely new fortresses 
is considered, it need not excite our wonder, while we 
avoid; Co prejudge the question of comparative merit, 
that the proposed outline has never, in any instance, 
been practically tried to supersede those methods of 
fortifying which have bo long been in use. 

It must, however, be confessed by mew of all opi- 
nions, that no Author on (he Art of Fortification has 
exhibited greater ingenuity, than did General Montalem- 
bert in his numerous, and varied combinations of the 


casematcd System of alternate salient and re-entering Fom'fica- 
angles ; or in other words, the case mated lenuitlc Sys- tio “* 
tern, which he published a. i>. 1776. Several enceintes 
situated within the main ditch ; a formidable artillery *** 18w 

placed in bomb-proof casemates ; and these serving 
likewise as a cover for the garrison, for stores of every 
kind, aud even for the inhabitants : such is the system 
which the author proposes to substitute for that of Vau- 
ban, the defects of which, he observes, are acknow- 
ledged by the best engineers. Vauban clearly showed 
that his Art of Attack was much superior to Ills Art of 
Defence ; and he left to posterity the task of remedying 
the imperfections of the method which he had followed : 
in attempting which it is evident that two conditions 
must be adhered to ; first, that the new method shall not 
be more expensive ; and secondly, that it shall not 
require a stronger garrison than the old one. To 
increase the means of defence under these limitations, is 
the problem which Montalembert proposes to solve. We 
shall not undertake to analyze the systems contained itt 
the whole of his eleven quarto volumes, composed, it is 
said, after he was sixty years of age : but shall confine 
ourselves to a cursory \iewof one or two of his prin- 
cipal contrivances, referring the curious reader for the 
rest to the Work itself. 

After pointing out the defects of the Bastion System, 
as executed in most fortresses, Montalembert proposes 
suppressing the tenaille ami curtain, and producing tire 
faces of the bastions inwards to their junction with the 
flanks of the redoubt in the ravelin, likewise produced 
inwardly. A hundred toises of rampart would by this 
means be saved ; the flanks would be better covered 
than they are at present; and tneir fire would be more 
certain, because the line of defence would be so much 
shorter. But if it be desired to preserve the same length 
of line of defence, by producing the faces outwards an 
exterior side of three hundred and six loises would be 
obtained for the side of a heptagon, inscribed in the 
same circle as a dodecagon whose sides are one hundred 
and eighty loises long in the Systems of Vauban: 
whence would result for a defence equal, as he asserts, 
to the latter in other resects, a saving of one thousand 
throe Jniiid red and thirty-six toiscs* of rampart in the 
body of the place. By adding* to this the suppression of 
five ravelins and as many redoubts, there would be 
economized eighteen thousand nine hundred and twenty 
eubic toisos of masonry. It is true that such a' fortress 
would have but one enceinte like most others in actual 
existence, which being once perforated would leave the 
garrison without resource ; and for this reason the 1 
author proposes, in a second System, said to be d* t 
aileron a, to form a triple enceinte within' the main ditch 
by producing the curtain to' the capitals' of the bastions. 

This enceinte he. defends by a caseinate placed behind 
the redoubt of the ravelin ; to the faces of which redoubt 
he adds flanks defending the ditch. The retrenchments 
; of the bastions constitute the second, enceinte, which is 
defended by the wings annexed to the redoubt ; and he 
places a cremated traverse across each face of. his rave- 
lin. All the communications between the different 
works are well covered $ and all objection to dead angles 
is done away with by an appropriate arrangement of 
casemates. The small space on the rampart of the 
ravelin, and on that which is substituted for the bastions” 

* faces, will scarcely -allow of artillery being placed on 

* The tofa is equal to 0.3945 English feet. 
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Fortifica- them by, the besieger* 'with a view of opening the works 
tion. w iihirt : he would besides* in such a situation, be bat- 
tcred in front and in flank within pistol range. Works 
arranged in this manner, although less expensive and 
easier to defend 'properly, are nevertheless greatly ex- 
posed to ricochet and shells ; and Mpntalerobert, de- 
sirous of procuring cover in old- existing fortresses from 
the destructive effects of the latter, proposes making in 
thcgi the following alterations. / 

,Fig. 19 lie would separate from their rampart the revetment 
«ful20. walls of the escarp both of ' the bastions and ravelins, 
which may be supposed, as represented in fig. 19, tb be 
. those of a front of fortification constructed according to 
Vauban ; and proposes to make the exterior slope of the 
ramparts of earth. lie would lower the escarp walls, 
(as shown fig. 20,) lengthen the buttresses or counter- 
forts, and make use of them as piers to the vaults* 
which are to cover the batteries ; by this he would 
obtain casemates open in rear and uninconvcnieuccd by 
smoke. The tenaille is to be suppressed ; and the cur* 
tain, as well as the retrenchments of the bastions, is like- 
. wise to be ertsemated for both cannon and musketry. 
A wall of masonry, traverses, and loop-holed guard - 
rooms, add to the* interior defence, of the bastions and 
ravelins. Another species of retrenchment which he 
proposes, is a caseinated tower in tho gorge of the bas- 
tion, by which the defence may even be continued after 
the capture of the place. Either one or the other of the 
above dispositions would, he conceives, oppose almost 
insurmountable obstacles to the construction of breach- 
ing and couuter-hatteries against them under such a 
powerful and covered fire of can non and musketry. 

After giving his attention to the means of improving 
already existing fortresses constructed upon the old plan, 
Montalembert allows full scope to his genius. He adopts 
what he calls the trnailt.is system; and considering 
the defence of places to depend upon the greatest number 
of covered. fires that con be opposed to the attack, he 
places casemates in all the re-entering angles of his 
See fig, 21. wet, and also at the angles of his dry ditches. The faces 
of the tenailles ore formed of a double casemutcd 
wall, behind which extends an earthen counterguard, 
whose interior slope falls into a wet ditch. A dry ditch 
encircles this counterguard and wet ditch, and passes 
along the foot of the capital rampart, the gorge of which 
Is retrenched hy a loop-holed wall, and by a caseinated 
tower with an angular base. A general eountcrgqard, 
or earthen rampart, surrounds the main ditch ; and in 
its re-entering, angles there arc casemates, covered by 
lunettes with casematcd flanks placed upon the coua-, t 
tcrscarp of the outer ditch. The communication from 
the body of the place to the outworks, through, the 
wet ditches is by a cistcrn-likc caponniere, the cover 
of which serves moreover as a bridge. .This double 1 
communication may easily be reudered useless to , the 
enemy by cutting away or demolishing a portion of the 
bridge, and inundating the caponui&re by means of sluice- 
gates ut its junction with the place. 

The advantages which the Author, claims for this 
system are- as follows : , . • 

1. The* enemy will have to penetrate through four 
enceintes, of which, the tjhrce principal ones are within 
the grand ditch, and under the fire of a numerous artil- 
lery unseen, apd, consequently* indestructible . by. the 
enemy’* batteries in the covert-way. 

2 . The covered fire of artillery which it opposes to the 
. construction of breaching or counter-batteries, is superior 


to that which the enemy can bring, both in number and Fortificar 
in the advantages of cover : so that, the execution of bon. 
those batteries will be a matter of extreme difficulty, if v - * 1 ' 
not altogether impossible. 

3. Its communications with the outworks arc safe ; 

and thus the operations of the troops are greatly facili- 
tated. * 

4. The tower and loop-holed wall at the gorges of the 
tenailles, serve as a last retrenchment, when even the 
enceinte has been carried. 

5. The troops and stores are amply and safely covered; 
and have nothing to apprehend from conflagrations, 
which too often prove destructive to the defence. 

Tire celebrated Carnot was a zealous admirer of Mon- Carnot's 
talembert's talents, and publicly espoused his cause System, 
against the enemies of all innovations or improvements See 
in tire Art of Fortifying. The construction which he 
proposes is a System of casemated tenailles covering the 
body of the place, as in fig. 22. lie places at the salient 
angle of the interior rampart a casemate containing one 
gun, to batter the saps which may be directed along the 
capital, and also two pieces of cannon - upon each- face 
and flank. The’ object of these lasl is to take in reverse , 
any batteries opened .against the faces of the collateral 
salients: two- splinter proof batteries accompany the 
above casemate with the same object. The second en- 
ceinte consists bf a counterguard merely broad enough 
for a parapet and banquette, so that the enemy cannot * 
place cannou upon it. Its relief is so regulated that it 
may cover the casemate at the salient without masking 
its reverse fires ; tho covert-way is reduced to the breadth 
of two banquettes; and a single traverse protects its 
blanches. The ditch of the body of the place is defended 
by a casemate; the under story of which, A .(see fig. 23,) Fig, 23. 
receives air by means of a ditch, B : this casemate, ex- 
tends beyond the alignement of the ditch, (see the plan, 
fig. 22,) in order to sec the breach in reverse, and be 
itself unseen. The upper story alone is continued (on 
a level with the country) as far as the alignement of the 
covert-way, in order to defend the ditch of the counter- 
guard : which ditch is terminated by a gradual slope 
towards the re-entering angle'; and here the counter- 
guard is but a mere parapet sufficiently elevated to cover 
the revetment of the body of the place. . An opening is 
made in this parapet for the egress of sorties, which may 
also be made through posterns contrived under the 
shoulders of the counterguards. By this' arrange meut 
. the besieged have the advantage bf being abte to make 
sorties both of infantry and cavalry with great facility, 

Yrho issue from fhe ditches by the slope or ramp, which 
terminates, os already 'mentioned, at the re-entering 
angle ; and even in the event of a repulse they would 
derive great protection from the salients. Cavaliers are 
placed at the gorges of the tenailles^ if necessary ; and 
these gorges are closed by defensive barracks and by 
loop-holed, walls, calculated to stand an assault advan- 
. tageously, or at least to compel the enemy to' grant ho- 
nourable terms of capitulation. 

Carnot subsequently recommended a system of works 
which very nearly resembles that proposed by Cormon- 
taingne. Its principal bastions, whose salient angles are 
distant from each, other four hundred and eighty yards, are, 
however, detached from the body of the place, and cover a 
v range of casemated batteries at the gorge of each. The 
bastions are themselves covered by narrow counterguards; 
and a vast ravelin, having in { ts interior a iofly redoubt or 
cavalier, covers the intermediate space. These works are » 
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•FoHifio of earth • but one detached loop-holed wall surrounds the looprholed wall before mentioned, which from its height 

^ t)on * body of the place; and another is placed before the facefi will be -not only difficult to escalade, but more difficult 
and Hanks of each detached bastion. This distinguished to descend on the interior side ; while, being: covered .by 
Mathematician and Engineer here dispenses with the the exterior works, it was supposed to be secure against 
coveVt-way ; and he has made the exterior side9 of the ditch .any attempt of the enemy to breach* it. To this may be 
to surround the fortreas in the form of a glacis, sloping added, the benefit arising from the counters! oping 
downwards from the level of the natural ground. glacis : which is not only convenient* from the facility it 

The principal means of defence proposed by Carnot would afford to the defenders in making sorties; but 
consist in a series of engagements with the enemy by because it would expose the trehches .formed in it by 
powerful' sorties ; and an abundance of vertical fires, of the besiegers to a plunging fire from the ravelin and 
atones or small balls, made from thirteen-inch mortars couuterguards. It ought to.be observed, however, that 
placed at the salient angles of the works, and in the the former of these advantages are compensated, by a 
casemates in rear of the bastions : by all which the corresponding facility afforded tp the enemy when de- 
enemy, who is supposed to he collected in great numbers scending into the ditch to surprise *the works ; and since 
between the third parallel and the place, will be com- the principal ramparts are without revetments of nia- 
pelled to cover his lodgements with blindages, or roofs sonry, it is evident that, after the detached wall is 
made of fascines and earth. A fire of musketry made breached, which some experiments purposely made at 
at an angle of forty-five degrees with the horizon up- Woolwich have proved possible, the enemy’s troops, 
wards is also recommended fin the purpose of annoying entering by the breach, may extend themselves along 
the assailants behind their trenches. Among the pro- the front of' the interior work, and mount in line over iu 
posed advantages of this system may be ranked the oh- parapet, 
stacle which tiie, enemy must experience in passing the 


PART III. 

ON TI1E MEANS OF INCREASING THE STRENGTH OF FORTRESSES. 


CHAPTER J. 5t!ily. Detached pieces : or works placed so as to com- 

Nature of these Means. ma,,d lhe acccss to tl,c I llace > an & aun °y the enemy with 

J ' reverse fires. 

Application What has been Hitherto said relates only to the con- fitlily. Inundations : which drown the enemy’s works 
or expert- strnction of different works immediately enveloping the at the commencement of the siege, and ultimately carry 

ents for ui* spots fortified ; or in other words, to that of the body of away his fascine passage across the ditch at the moment 

creasmg the j j ie pl^ce, with its simple appurtenances of tenuilles and of his meditated assault. 

fOhrcKSt'S ravelins. We shall now show the different expedients 7thly. Defensive mines, or countermines: which force 

1 ’ by which the strength of this envelope may be increased, the enemy to have recourse to the slower and more 

But it should first be observed, that many places owe to minute proceedings of subterraneous warfare to make 
the nature of their' situation such advantages, as it would sure his footing upon the surface, 

be difficult to procure by any contrivance of Art. We Bthly, and lastly. Casemates tnay likewise be in- 

have a strong exemplification of this in the rock of Gib- eluded in this enumeration ; notwithstanding the objec- 
rallar ; and in a part of the country surrounding the tions which many authors have urged against them, 
fortifications of Luxembourg: at the latter place, a bare . All these, muy either be employed separately, or corn- 
rock extending over the accessible ground would, on bined iu different manners. We may nevertheless pb- 

account of the total impracticability of sapping iu such served that with the exception of inuudations and mines, 

a surface, oblige , the besiegers to brinijf with them from which can be applied to all kinds of places, according as 

a great distance their means of cover. the soil is best adapted to one or to the other, the use of 

Art possesses, nevertheless, many resources independent the rest must depend upon the magnitude of the fort- 
H on of those derived from Nature, and contributing to the ress. For instance, interior retrenchments, as they 

tiBciol same end. It may augment the duration of the' re- diminish, the total space within the works, are but ill 

mews for sistance of a fortress by some one or more among the suited to small fortresses. Great exterior works, on the 

this pur- following means : * . contrary, become such places peculiarly, owing to the 

P ose * 1st, Interior retrenchments : behind which the garri- increased area which they afford for military cstablish- 

son, When beaten from, the principal works, may renew uients. The case is far different with counterguards and 
the /defence. advanced covert-ways ; which, requiring an augmenta- 

2d}y< Counterguards : which must not only be taken, tion of defensive means, without furnishing additional 
but evdn destroyed, before the works which they cover room to contain them, would only tendi to multiply the 
cari he 4 touched. confusion and Insufficiency of the interior resources ; and 

! • Sdly. Great exterior works: which, as they cover one such works are therefore only proper for large fortresses, 
or more fronts, force the enemy to a preliminary siege T On the other hand, a fortress, which. from its size might 
before he can arrive at those points. ~*be accounted of 16o great an extent, should in preference 

4lhly.,Att advanced covert-way: which must be carried^ be reinforced by interior retrenchments, 
before the interior' one can be attacked. 


Fortifica- 

tion. 


Of their up* 
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nesa to fort- 
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different 
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CHAPTER If. . 

Interior RelrtnchmaiU and Counierguard*. 

Interior retrench menls arc works either constructed at 
Interior re- the same time as the fortress itself* and constituting a 
trench- part of its system ; or else thrown up hastily during the 
uuruts, siege to prolong tire resistance, by cutting off. the part 
of the rampart breached, and permitting the defence to 
• be commenced anew behind a -fresh obstacle. The in- 
sufficiency of such works when hastily constructed of 
loose soil ; and the superior advantages which might be 
expected to result from their being carefully made before- 
hand, and revetted with mosoury both at the escarp and 
counterscarp; were the reasons which induced Vauban 
to deviate, from his usual mode of construction when or- 


ment also entails upon the assailant the necessity of Fortiflca- 
repcating the operations of crowning the covert-way, ^ ou ' 
passing the ditch, and breaching the work, since we 
have supposed that both escarp aud counterscarp are 
revetted. Such are the difficulties which lie must 
overcome if he should attempt to breach by cannon. 

Jf he choose the mine, lie may meet with still greater 
obstructions from the defensive mines which the be- 
sieged may have prepared under the point ot his bastion. 

So that, "upon the whole, it does not appear that any 
exterior defence can be preferred to tin’s species of re- 
trenchment, which upon a fair valuation may bo con- 
sidered capable of adding twelve (lays to the defence ; 
exclusively of the benefit which might accrue from the 
existence of mines underneath the bastion. 


dcred to fortify Landau. He accordingly separated the 
bastions from the- enceinte, thereby converting the latter 
into one great interior retrenchment. Where such 
means of safe retreat exist, the garrison may with secu- 
rity stand the assault of the body of the place: they 
arc therefore a most essential means of adding* to the 
defence, and by them alone can the besieger be com- 
pelled to epaule himself across the ditch, and to make. 
Ins lodgement u])on the summit of the breach ; which of 
all the operations of the siege arc the most difficult and 
dangerous. The case is still worse if the retrenchment 
be of sufch solidity as to compel the enemy to use can- 
non, or the idine, in order to breach it. The difficulty 
of transporting heavy guns across the ditch ami up the 
breach under the fire of the opposite Hank, would 
naturally induce the besieger to prefer resorting* to the 
latter expedient. Rut this being of much slower exe- 
cution, the troops ill his works on the crest of the 
covert-way, or occupied in the passage of the ditch, or in 
the lodgement on the breach, must all the while l>o ex- 
posed to great loss, under so close a fire of the garrison. 
Sometimes These were undoubtedly the considerations which in- 
compos dot’ duced CorrnouLiinguc to make in the bastions most 
J r exposed to attack, good permanent retrenchments with 
triicutum. revetted escarps ana counterscarps : and according to 
the shape of the bastions he regulated that of the re- 
trenchments. When the obtuseness of the bastion left 
a considerable space between its shoulders, the form 
which he gave to the retrenchment was that of a small 
front of fortification : extending between two points 
taken on the faces at twenty or thirty yards from either 
shoulder, in order to preserve the whole length of the 
Hanks for the purpose of defending by their fire the 
ditches and covert-ways of the collateral bastions. A 
retrenchment of this sort, with a ditch twelve yards wide, 
and surrounded by a covert-way, having a re-entering 
place of arms in its centre, would certainly be of great 
advantage in the defence : particularly if care were taken 
to give it a command of two or three feet over the faces 
of the bastions. It would enable the breach in the 
bastion to be defended with the greatest obstinacy, by 
the assurance with which it must inspire the troops of 
si safe retreat, if ultimately overcome. .Besides, as the 
space included by -the faces of the bastion diminishes in 
width the nearer it is to the flanked angle, it follows 
that, the retrenchment occupying the greatest space, the 
besieger is always out-flanked and combated by a 
superior force, during his approaches from the top of 
• the breach towards the counterscarp .of the retrench- 
ment: the very reverse* of the superiority which the 
besieger has enjoyed during the whole of the previous 
operations of the siege. The nature of tins retrench- 

VOL. VI. 


When, by the acuteness of the flanked angle, the IMicuched 
interior space did not suffice for constructing the re- chvuI;cw.‘ 
trench ment in ihc form of a small front of tin /ideation, 
with proper dimensions and relief, Cormontaingne gave 
it the shape of a cavalier. The faces and ditch of the 
cavalier were defended by coupures c/i rctirad e, or 
chequered retrenchments ; the foremost of which cut 
the face of the bastion near the shoulder, and the other 
was sufficiently thrown back to prevent any part of tins 
cavalier from being dead or deprived of fire. The 
cavalier had a command of eight feet over the bastion : 
but the coupures were on a level with the latter. This 
sol t of retrenchment, although much better calculated 
to second the efforts of the bastion during the early 
part of the attack, is much less so when it becomes 
necessary to defend the space between il and the bas- 
tion. It therefore merits much consideration as a cava- 
lier, and but little as a retrench ment. As the want of 
space between the cavalier and the bastion makes it 
impossible to have a covert- way, the defenders of the 
breach will not have sufficient room* aud their retreat ia 
not made good. The defence will therefore be neither 
obstinate nor animated. Resides, the narrow space be- 
tween the counterscarp and the breach maybe laid open 
by the enemy's mines : which will project the rubbish 
into the ditch of the cavalier, enabling the latter to be 
breached by the same batteries that breached the bastion, 
and thereby spare the besieger both trouble and time. 

It may therefore be repeated that, although tins sort of 
retrenchment has the property of increasing the be- 
sieger’s loss during the early part of the attack, the first 
has the more essential one of augmenting the duration 
of tlie siege, and making its cud more disastrous to the 
assailant. The cavalier affords, nevertheless, the means 
of constructing under the mass of its terreplein good 
bomb-proof establishments; and this may in some cases 
cause a well-founded preference to be giveu to it over 
the other sort of retrenchment, which moreover cannot 
well be applied to bastions of a small size, owing to the 
narrow space between the shoulders. . Two journals are 
given by Rousmard of the attack of a cavalier : the first 
case supposed being that in which there is sufficient 
space in front of the work for' placing breaching bat- 
teries ; and the second that wherein, from want of room 
for such batteries, the enemy would be compelled to 
huve recourse to miniug, in order to effect a gap for the 
purpose of breaching through it with .the same battery 
which opened the bastion itself. In the former instance 
the work is deemed capable of a resistance of only six 
days,, and in the latter of eight: being two days in favour 
of the sm ullest space between the cavalier and bastion. 

A retrenchment en ten ai Ut is made by uniting the 
2 a 
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Vorfifica- two shoulders of the bastion,— or. rather two points 
tiou. taken oh the face* at a few yards from the shoulders, — 
by two lines forming' an obtuse re-entering angle. The 
MeniTeiT retrenchment is made ten yards wide, and 

tuimille. escarp and counterscarp, whicli are of masonry, have 

a height of eighteen feet. The parapet is on a level with 
that of the bastion* The communication made in the 
re-entering part is covered by a traverse, and provided 
with strong barriers, which is considered a better con- 
trivance than a postern and stairs. But a tambour, or 
species of redan made with strong beams, may be con- 
structed during the siege, as a t&te, or immediate cover 
to the little bridge of communication. This retrench- 
ment, infinitely more simple and less expensive than 
those already described, answers the object just as well, 
for it suffices to arrest the enemy’s progress, and induce 
him to grant a capitulation ; at the same time that it 
affords the besieged more space for an actiye resistance : 
that is, by sallying in greater numbers and attacking 
him in his lodgements, instead of remaining passively 
behind the parapets. 

Rectilinear Another retrenchment still remains to be noticed; 
ivtie.ich- an j j a t | ie rectilinear retrenchment across the gorge 
tll'c L^-r'e °* bastion. Dufour (a modern author and en- 
^ h ' giucer) thinks highly of it, and appears inclined to give 
it a decided preference. In the first place, it is econo- 
mical ; and being more distant from the breaches, it 
defends them better, and is itself less exposed to a sudden 
attack. Secondly, it leaves the interior of the bastion 
unincumbered. Thirdly, it may possibly be made to 
receive a defence from the two collateral bastions ; if 
the besieged take care to demolish a portion of the 
parapets of the flanks at the moment the assault is to 
be given. • This last advantage will suffice to retard the 
talcing of the place two days : for when the defenders 
of the breach are compelled to retreat, the enemy’s 
lodgement on its crest will receive a triple battery, two 
from the collateral flanks and one from the retrenchment 
itself. This, it is just to suppose, will force him to 
adopt measures of circumspection of a more than ordi- 
nary nature, to uvoid being taken in flank when sapping 
up to the retrenchment. The besieged may therefore 
securely wait the moment of the enemy’s establishing 
his cannon, to demand a capitulation. An oblique 
passage may lie made at each end, directed upon the 
angle of the shoulder, thereby avoiding the enfilade from 
the lodgement on the breach. Each of these passages is 
covered by a palanque, or tambour, to ensure the re- 
treat. The retrcucluftent at the gorge has the evil of 
diminishing by oue-half the length of the flank : but 
this is obviated by leaving, entire and full, nil that part of 
the proposed ditch nearest the flank, with the intention, 
nevertheless, of removing the mass in a moment of need, 
and of applying it to the formation of those portions of 
parapet, which, for -the above reasons, have also been left 
incomplete. This will entail but a very trifling increase 
of labour, as it need only be done :a the bastion or 
bastions attacked'; and the trouble will be still less con- 
siderable, if the engineer, in constructing the place, lias 
taken cars to produce, as far as the Hank, the masonry 
of the escarp and counterscarp of the retrenchment. The 
only part therefore which will be in permanent existence, 
is that comprised between the two passages. The two 
extremities may, until needed, be kept level with the 
terreplein of tins bastion* The defence of a retrench- 
ment (h<t3 situated will be more powerful, if the work 
be constructed in the form of a front of fortification 


and, that the flanks of the retrenched bastion .may be 
left entire, it will be only necessary to place the work in 
rear of the gorge, terminating its two faces in points 
taken on the curtain at twenty or thirty yards from the 
angles of the flanks. By this construction also the re- 
trenchment remains unturned, if & breach should be 
made in the curtain by firing between the tenaijle and 
the flank of the bastion. 

Counterguards are works solely destined to cover Counter- 
others of a more important nature: in such a manner guards, 
that, without obstructing their fire, they shall preserve 
them from being breached until the counterguards 
themselves have fallen. The besieger will likewise be 
compelled to erect batteries on them, or else partially to 
destroy them by mines, in order to breach the principal 
works through the gaps produced from the explosions. 

The counlerguard must, therefore, in the first place, 
completely cover the principal work, or at least all that 
part which may be exposed to breaching. It must be 
lower than the work which it covers, but' must, neverthe- 
less, screen its revetment. And, lastly, it must be made 
sufficiently narrow to prevent the enemy from finding 
room on it to place his batteries. As for the first condition, 
that of covering completely the principaP works, it must 
be observed that the counterguards of* the bastions, 
being terminated at the counterscarps of the collateral 
ravelins, always expose the, basiious in rear to be breached 
through the trovee or opening of the ditfches of those 
ravelins : unless, with a view of obviating this evil, 
counterguards be likewise applied to the ravelins; but 
then these terminating also at the counterscarps of the 
counterguards of the bastions, leave an opening through 
which the ravelins may be breached. It may therefore 
be considered a radical defect, inherent in such works, 
that access is always given to the enemy’s breaching 
batteries against one or another of the principal works 
which they are destined to cover. It is true that the 
spots where such breaches are 'practicable, would be but 
difficultly reached by the enemy, and therefore the evil 
may perhaps be disregarded : except when it affects the 
body of the place, in which any kind of breach being 
productive of serious apprehension, is always dangerous, 
and seldom fails to serve as a pretence for capitulating. 

Besides the condition of covering the revetment of tlio 
principal works, without nevertheless obstructing their- 
action upon the approaches, the counterguard must have 
all its interior commanded by the fire of that work. 

Whence it is evident, that the greater or less degree of 
command of a work over its counlerguard must depend 
- upon the breadth of the ditch which separates them. A 
work only fourteen yards broad between its escarp 
and counterscarp will not allow an enemy to construct 
any battery upon it, if its face be seen from any other 
which projects beyond it: because' he must cut away 
the parapet of that which he occupies to obtain materials, 
for the cpaulemeut of his battery, and to make room for 
bis guns : and this will evidently dxpose him to a reverse 
fire from *uch collateral work. 


CHATTER III. 

Exterior , Advanced, and Detached Works. 

Great exterior works owe their origin to the desire of Great ex- 
occupying some Important space in the immediate vici- twiorworka ' 
nity of a fortress : as for instance, a neigh Injuring 
freight ; the opposite banks of a river ; or, in short, any 
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Fortifier portion of ground, the possession of which might prtteure 
t»on. some advantage, or remedy some defect. Such defences 
have since been constructed, however* under circum- 
stances which scetn to Jndicate a mistaken notion that, 
by multiplying the number of works about a place with- 
out judgment or discrimination, its strength is propor- 
tionally increased. Marolais complained bitterly of the 
abuse made of these means, and not without reason : 
since no less than three hornworks were crowded upon 
one sole front of the small fortress of Juliers, (a. d. 161 1 ,) 
when the place was threatened with a siege. Besides 
the immoderate use made of hornworks and crownworks 
at the period of their invention, the manner of placing 
them was highly defective. For, their branches ‘being 
directed upon .the body of the place, and their ditches 
opening into the main ditch, it followed that the enemy, 
when once established upon the crest of the covert-way 
of the horn or crown work, could see and breach the 
wall of the enceinte through the opening of the ditches 
of the branches. To obviate this defect, Vauban pro- 
posed placing them with their branches and ditches 
directed upon the ravelins, which, however, only pal- 
liated the evil by transferring it from the enceinte to the 
outworks. Gro:y. exterior works, nevertheless, were so 
placed by his directions, for the first time, at Dunkirk, 
at Fort Nieulai, at Befort, and at Huningeu. The 
best position that can be given to these works, when 
their construction cannot be avoided, is beyond the 
main glacis ; having their own glacis blended with the 
latter, and their gorges well secured* against surprise. 
By this arrangement, the evil of their affording an 
opening through which any revetment can be breached 
is avoided ; and the enemy will, moreover, after he is in 
possession of the work, be compelled to repeat the 
most perilous operation of the attack, that of crown- 
ing the covert-way. 

Hornworks, When these works are composed of two half bastions 
and a curtain, they are called horn works. When their 
head, composed of a bastion and two half bastions, 
forms two fronts of fortification, they receive the name 
drown- crownworks. When composed of two bastions and 

wurks, two demi-bastions, the name of double crownworks is 
given to them : it is evident that the addition of another 
bastion would produce a triple crownwork. But when 
these works, instead of being terminated by long 
in anches, are connected with the place by their extreme 
fronts, which not only defend themselves but are de- 
and Cou- fended by the works of the place, the name of couronntte 
ronnu's is given to them. Such are the couronmfe of Landau, 
ami that of Yutx at Thionville. The hornwork, if its 
ditches open into the main ditch, and its branches rest 
upon the body of the place, unless there be some circum- 
stances of peculiar advantage in its situation, would 
rather weaken than add to the defence. If its ditches 
open upon those of the ravelin or other outworks, it 
may add six or seven days to the siege. It will add 
twice as many if the work be placed beyond the glacis, 
as above mentioned. The crownwork, although it has 
two fronts, adds nothing to the resistance of the part 
which it covers, if its ditches expose the walls of the latter. 
If placed upon outworks it may prolong the defence 
about eight days ; and twice as long, if placed beyond 
the glacis. The double crownwork, as it consists of th rec 
fronts upon a straight line, or on a line nearly straight, 
is capable of a much better defence, and will even add 
to the resistance of the place, although its ditches should 
open into that of the latter. This increased resistance 


may be fairly estimated at eight days, when the ditches Fortifies- 
open into those of the outworks; and at twice as many ban. 
when they only open upon the glacis. The conromu-e, 
indeed, as it may be Considered in the ligftt of a portion 
or segment of a fortress, may possibly be stronger than 
the plate itself: this, however, will depend upon the 
manner in which it is applied. If its ditch is made to 
open into the main ditch, it will be defective :• hut this 
junction is generally so contrived that the trouees or 
gaps may not enable the enemy to breach through them* 

In the former case, the only delay will be that required 
for erecting breaching batteries in spots where they may 
act through those gaps, and this will but amount to five 
or six days, which will be doubled if the couronnee rests 
or is directed upon outworks. In shoFt, the full influ- 
ence of the couronnee, in adding to the resistance of the 
works which it covers, will only be felt when it is placed 
beyond the glacis. The above estimate of the value of 
the different great exterior works, is that given by Boua- 
mard, in his Essai General de Fortification, 

If, in consequence of a rivulet passing along the foot Advanced 
of the glacis, .the making of sorties from those fronts covert- 
should become a difficult operation, it is usual to con- wa f 9, 
struct, on the other side of the stream, another covert- 
wuy performing the same office as the original one. In 
it are placed the advanced posts to watch the encmy*B 
movements ; troops destined to act upon the offensive 
are assembled there to make their preparations for the 
attack; and they retreat -into this advanced covert-way 
as into a place of refuge in the event oF discomfiture. 

If the advanced cpvert-way is situated before a portion 
of the euceinte, the fronts of which are nearly on a 
straight fine, and if its salients are supported by ad- 
vanced lunettes, *it will give the enemy as much trouble 
to take it as the original covert-way itself. The place 
will therefore experience by this addition to Us works a 
sensible advantage : since the besieger, after capturing 
the advanced covert-way and lunettes, must renew 
operations upon the inner glacis against the ravelins 
and their covert-ways. The advanced covert-way, be- 
sides affording the lunettes security against a surprise 
and their salients an immediate defence, renders them 
more efficient works, and capable of a more protracted 
resistance than if not so enveloped ; and these proper- 
ties in the advanced covert-way have caused jt to be 
employed as a means of increasing the strength of a 
place, even in coses where’ no such necessity existed 
for occupying ground beyond a rivulet. But these 
advantages only exist under the particular circum- 
stance of the fronts being developed upon a straight or 
nearly straight line, with their extremities resting upon 
natural obstacles. For without these conditions, the 
advanced ’covert-way which might surround a fortress* 
altogether, as it would have a developement much 
greater than the ordinary covert-way, would likewise 
have branches longer arid more liable to .the ricochet. 

To this disadvantage may be joined that of being only 
defended by fne lunettes ; as the fire of the place must 
cease as long as the advanced covert-way is occupied. 

The great distance between the salients, which should 
afford each other a reciprocal defence, may also.be 
mentioned as a serious defect. A work of this kind 
may, therefore, without much difficulty, be carried by 
storm, and would require the besieger to make but 
two parallels, and to break ground at a small distance 
; from the salients. From which it appears that the 
construction of a general advanced covert-way round 
2r2 
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Fortifies- a place, at least when fortified oil an inferior polygon, 
turn. would be productive of no real benefit to the besieged ; 
and the expense would nevertheless be grcutly in- 
creased. We may therefore (says Uufour) establish as 
a principle, that an advanced covert- way can only be 
made before a portion of the enceinte not likely to give 
it an excess of (level opement, and that even then care 
must be taken when constructing it; 1st, That the 
narrowest space enclosed between the two covert-ways 
shall not be less than sixty yards wide. 2dly, That 
every part of its counterscarp shall he revetted ; and 
that this revetment shall be of a nature to force the 
enemy to make a descent into the ditch, ami shall put it 
out of his power to surprise and storm the lunettes at 
their gorges. 3dly,That the places of arms be provided 
with small redoubts in which the defenders of the sa- 
lients may find a safe retreat. 4 tidy, That the advanced 
coveil-way be not as high as that which it surrounds, in 
order that the enemy, when he has reached the crest of 
the former, may be unable to see into the latter. 5thly, 
That the faces of the lunettes be always flanked by the 
salient parts of the ravelins or bastions. It is no easy 
matter to adhere to all these conditions on a level 
country; and it can only be done by giving to the 
co vei l- way of the place a more than ordinary degree of 
relief, and by producing its glacis beneath the natural 
level of the soil, as far as the counterscarp of the ad- 
vanced covert-way, thereby enabling the latter to have 
a greater height. The glacis of .the advanced co- 
veit-way may in a great measure be formed of the 
earth so excavated. Recourse may be had to this 
method of lowering the ground by producing the 
glacis, for the purpose of establishing Junettes of which 
the gorges shall have sufficient height to prevent esca- 
lade, without elevating their crests too much above the 
level of the country. 

Lunettes. The lunettes above alluded to are a species of ravelin 
usually placed upon the salients of the covert-way to 
flank the approaches. Where there is an advanced 
ditch, the lunettes arc placed upon its borders, but 
where no such ditch exists, they are situated at the foot 
of the glacis. The lunettes themselves have a ditch 
twelve or fifteen yards wide, surrounded with a covert- 
way, to screen their revetment from the enemy’s distant 
batteries* and prevent them from being stormed at the 
gorge. A series of good lunettes judiciously disposed, 
should afFord an excellent defence. It is calculated that 
such works, on polygons of ordinary size, may add ten 
or twelve days to the defence, and considerably more 
when the angle of the polygon is very obtuse. Their 
advantages are chiefly these: they compel the enemy 
to break ground at a much greater distance from the 
place; and as a preliminary siege must be gone through 
to take them, ere that of the place itself can be said to 
have commenced, the defence is prolonged by all the 
time consumed in their attack. These works are, uevor- 
* the less only adapted to large fortresses f as they need 
an employment of troops and artillery beyond the 
limits of the enceinte, which a numerous garrison 
alone could afford. . If the lunettes are surrounded 
with a dry ditch, it is absolutely necessary to revet 
them with masonry: otherwise a few rounds of. the 
enemy's, cannon would soon lay waste the (Vaises or 
inclined palisudeS, and they might be assaulted without 
further trouble.. But, where a wet ditch surrounds 
them, the expense may be spared, us no such danger 
need be apprehended. 


A smaller and much less important work than the Fortifica- 
lunettc is oflcu placed at the foot of the glucis. It is tlo l> ’ 
made in form of a redan,* and the name of fl&che is ~ m ~ r 

given to it. The faces of the ‘flGche are usually made c lt,s * 
twenty-four or twenty-five yards long. Its object is to 
support and flank an advanced ‘ditch, or advanced 
covert-way. Wheu the glacis of a place is very steep, 
and the covert-way of more than ordinary relief, the 
ilGchc is of great use, because its fire acts upon spots 
unseen from the covert-way ; but when the latter has 
but a small relief, the flCehc may be omitted, as its 
relief may obstruct the fire of the covert-way, and enable 
that of the enemy to plunge into the latter work when he 
is in possession of the flGche. 

When the site of n fortification is low and marshy. Advanced 
and it becomes impossible to give the ditches the ditches, 
necessary depth for furnishing sufficient earth where- 
with to construct the covering masses, a second or ad- 
vanced ditch is excavated at the foot of the glacis, which 
will make up the deficiency and obviate the necessity 
of going to a distance to obtain it. Although the ad- 
vanced di(c!i serves as an obstacle and prevents the 
enemy from arriving at the covert-way, it is, neverthe- 
less, far from being a good work wlieit isolated as is the 
case in many fortresses. For if, on one hand, the enemy 
experiences a difficulty in getting across it, the besieged, 
on the other, feels great inconvenience when making 
sorties, as he must pass over bridges, troublesome 
to construct and* easily demolished by the enemy's dis- 
tant batteries during the first days of the siege. There 
are, nevertheless, some advanced ditches possessing 
great advantages: we allude to such as may be kept 
dry, and suddenly flooded at the will and pleasure of the 
besieged. The latter would thereby derive, all the bene- 
fit resulting from an unintcriupted communication dur- 
ing the early part of the siege; and when tile ditch falls 
into the enemy's bands he may suddenly let the water 
into it. These cases, however, are rarely met with. If 
the nature of the localities be such that it is out of the 
enemy's power to drain the wet. advanced ditch by cut- 
ing a canal and turning the water into it, the bed of the 
ditch may be made in any manner whatever. But 
where the possibility of such a thing is at all a matter of 
doubt,— and it is impossible to ascertain the fact other- 
wise than by the nicest levellings, — the slope of the 
glacis must be produced to form the ditch : in order 
that the enemy inay not find any cover there When 
he has drained and occupied it. It is impossible to 
fix the breadth to be given to advanced ditches : it 
must depend upon their form ; the nature of the 
ground; and the. quantity of earth necessary for the 
construction of the works. But the wider they are the 
better. 

The name of detached works is given to such as arc Detached 
unconnected with the fortifications of the place, either works, 
by an advanced covert-way, or in any other manner. 

The chief object of these works is, to obtain reverse 
’fires upon the enemy's approaches at the time of his 
attack upon any of the neighbouring fronts : so that he 
may be under t!ie necessity of reducing the advanced or 
detached work, ere he can undertake the siege of the 
place itself. Now the taking of a detached work is any 
thing but an easy operation, if from the nature of the 
situation it can in a manner be rendered inaccessible; 
and this will be the case if it is situated in the midst of 

See Field Fortification, 
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Fortifica. an inundation. Supposing it io be so placed, it will 
tion. still be well, in ordej to secure it from surprise by boats 
or rafts, to surround it with a covert-way or dike, 
separated from the work itself by a wide and deep ditch. 
Those parts of the work vyhich are to afford the reverse 
fires above alluded to, should be so constructed as to bo 
screened from the ricochet fire of the enemy’s batteries ; 
and the detached work should be placed at a distance of 
one hundred and fifty, or one hundred and sixty yards, 
from the edge of the inundation, to be beyond the range 
of the mortars used fur throwing stones or small halls. 
Its parapet should, moreover, be twenty-four feet thick, to 
render its demolition a matter of greater difficulty to the 
besiegers. 

Besides ground of such a nature as will admit of 
being inundated, there are many other situations in 
which a detached work may be rendered inaccessible to 
the enemy; or at least, in which he shall be compelled 
to the developeinent of extraordinary means ere he can 
hope to reduce it. When placed upon a steep rock, . 
too hard to be either breached or mined and too ele- 
vated for the escalade, it may be considered inaccessible; 
and it would, moreover, have the advantage of com- 
manding reverse find plunging fires, from which nothing 
within a considerable distance could escape. A de- 
tached work may likewise be dechied inaccessible when 
built upon an extent of flat bare rock, on which the 
enemy could neither dig trenches nor sink shafts of 
mines; and the difficulty of reducing it will be greater, 
if care lias been taken during the leisure of peace to 
establish underneath its glacis, by dint of labour and 
blasting, a good system of defensive mines. The bas- 
tion fort of La Lippc, at Elvas, in Portugal, is of this 
nature ; as are likewise the detached works at Luxem- 
bourg: both of which are worthy of being studied by 
professional men. 

It is not, however, always possible to find situations 
which almost of themselves shall render a detached 
work inaccessible : it will therefore be necessary to com- 
pensate for any local- disadvantage by creating all the 
artificial obstacles that can be raised, in the first place, 
the work should be revetted with masonry both at the 
escarp and counterscarp. The former should be at least 
fifteen feet high, und crowned at top with a row of in- 
clined palisades as a security against escalade. Behind 
the revetment of the gorge (if the work be in the form 
of a lunette) a loop-holed gallery should be made, hav- 
ing the crown of its vault on a level with the natural 
ground: in order that it may be secured from destruction 
by shells. The loop-holes should be as low us possible, 
that the flee from thence may be more effective, aud that 
the enemy may be less able to fire through them into the 
gallery. But the most powerful way of adding to the 
strength of such works is unquestionably that of subter- 
raneous fortification. 

In almost every case the position of a detached piece 
is determined by the localities of the ground, by the 
nature of the defences of the place, and by the particular 
object of the work itself. Ifthc latter be intended to have 
a reverse fire upon the neighbouring fronts, it nwy require 
to be placed on such elevated spots as command a view 
of the acclivities leading to those fronts. If, on the 
other hand, the object be to see into the bottom of a 
valley, a site must be chosen for the work at the begin- 
ning of that valley. When, in order to fulfil any of 
these conditions, the work is necessarily placed too far 
from those of the fortress to derive from the latter a 


musketry defence, another or intermediate work must Fortifier 
be thrown up halfway between them to render it that fi°iu 
service. And as this intermediate wqrk is defended by ' 
a close fire from the place, and protected againm the 
first fury of the enemy's attacks by the work in advance! ' 
under the fire of which he must pass to arrive at it, it 
need be but a simple (l£che, or at most a small lunette. 

To prevent, however, its falling by the same attack 
which might be directed upon the gorge of the detached 
work, it is necessary to palisade its escarp and counter- 
scarp, and to close the gorge with a strong loop-holed 
pulauque. 

There may be cases in which, from the nature of the 
ground, the detached work will not suffice to fulfil the. 
object in view. For instance, when the elevated ground 
on which it is to stand, is too broad to enable both its 
sides to be sufficiently discovered by the work. It thou 
becomes necessary to construct two or more works of 
the kind ; or as many, in fact, as shall completely occupy 
the whole plateau, and have a good reverse view of the 
ground by which the enemy must approach to the 
neighbouring fronts of the place. It, in short, is pre- 
ferable to occupy the plateau by a series of detached 
works, rather than to enclose it with one great exterior 
work. For, thc.se isolated works, having i:i rear of their 
gorges an open space where bodies of troops may con- 
veniently assemble for sorties, and from whence they 
nuiy proceed without the embarrassment and delay of 
filing through the barriers of a covert-way, otfer greater 
advantages for those important enterprises than can a 
continuous exterior work. The retreat into the latter, 
when the sortie lias effected or lost its purpose, is also 
slow and troublesome : whereas ihe intervals between 
detached works are so many broad and safe passages, 
through which the troops may speedily retire under 
the protection of the fire of those works. 


CHAPTER IV. 

Inundations. 

One powerful means of adding to the value of fort- Iminda- 
resses consists in the emplo)inent of water in inun- tu ‘ 119, 
dating the adjacent country to a vast extent, and in 
producing in the ditches of the place such sudden and 
violent torrents that the enemy’s works shall with 
great difficulty bcubte to resist their impetuosity. The 
first effect of a hank thrown across a river, is to produce 
on the flood side an inundation which will be more 
extensive in proportion as the dike or dam is high, and the 
slope of the surrounding ground gentle. By this means 
the fronts of fortification on the flood side will he in a 
great measure covered and rendered inaccessible ; 
thereby leaving to the enemy the only remaining alter- 
native of attacking either the fronts on tho ebb side, or 
those lying intermediately. But if, by n sudden removal 
of the dike, oil the water is allowed to rush at once to 
the ebb side, the river’s natural bed being insufficient 
to contain it, the country must of course be inundated : so 
that, ifthc enemy has chosen to attack on dial side, his 
trenches will be swamped and his ammunition de- 
stroyed. Hence, when the waters of a river are judi- 
ciously managed, the enemy will be forced to avoid its 
banks both on the upper and lower sides, and to attack 
the intermediate fronts : upon which a greater expense 
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Forfifica- in defensive dispositions may be better afforded. Again, 
tloa - it sometimes happens that the waters of ‘an inundation, 
by rising to a certain height, run oft' the sides and spread 
themselves in the country, gradually making the circuit 
of the town, (either on one or on both sides,) and find 
their way ultimately into the natural bed of the river. 
Should the temporary river thus formed be of a good 
breadth, all the works which it encloses will be protected 
from the enemas attacks: but this seldom is the case, 
as the banks of rivers are usually higher than the dike ; 
and the waters therefore flow over the latter, and con- 
tinue their course as usual. 

The bridge over a river, for communicating from one 
to another part of the town, is usually converted into a 
dike by stopping up the arches with sluice-gates: pre- 
cautions must in this case betaken to prevent the under- 
mining which the fall of the water might produce on the 
ebb side ; and the piers of the bridge ought to be of suf- 
ficient strength to he able to resist the pressure of the 
water. The closing of the arches is, as above mentioned, 
effected by two sluice-gates, which fall into grooves made 
in the piers, and are worked by levers or screws in such 
a manner that they can be quickly and simultaneously 
uplifted, wheti it is required, to let loose the torrent 
upon the enemy's attacks. The besieger, who is usually 
acquainted with the spot where this contrivance exists, 
will of course direct against it a great profusion of 
shells ; and it is therefore advisable to have double flood- 
gates under each arch : so that, if one gets damaged, the 
remaining one may perform its office. An inundation 
would also be useless if it were at all in the enemy's 
power to drain it : that is, to dig a canal into which its 
waters might be turned. This, however, may some- 
times he prevented, by constructing a work near the 
spot where it is most likely to be done. Such a pre- 
caution is more particularly necessary when the drain, 
in emptying the inundation, might at the same time 
deprive the place of the water indispensable for the sub- 
sistence Of the garrison and inhabitants : there being 
instances of a place surrendering through thirst, which 
by the nature of its works, and strength of its garrison, 
might have been expected to stand a long siege. 

The advantages resulting from the employment of 
water as a means of defence do not consist solely in 
inundating the country about the place. It is likewise 
in some cases possible to introduce water suddenly into 
ditches habitually kept dry : whereby all the works, which 
the besieger may have executed for the purpose of reaching 
the foot of the breach and facilitating the assault, may 
be entirely destroyed. When this torrent lias subsided, 
and the smaller rubbish of the breach has been removed 
by it, leaving only the larger fragments, the breach may 
be no longer practicable ; and the besieger, to render it 
so, must recommence battering and forming his passage: 
which— as lie will have just reason to apprehend a fresh 
disaster of the same nature — he must make with .the 
solidity of a real dike capable of resisting the weight of 
the torrent, and of sufficient height to cause a reflux of 
the waters. But as all this will require much time and 
labour* the besieged may leisurely take measures for 
defending the breach with the utmost obstinacy. The 
manner* fn which these artificial torrents arc produced, 
is as follows. A dike with gates stretches across the 
river at its entrance into the town, which is generally 
between two bastions constructed on the opposite sides 
of the river; and the dike is made high enough to 
allow the inundation to be six feet above the bottom 


of the ditch. Then, at or near the place, where the Fortifict- 
main ditch of the fortress branches* out from the river, tion. 
on the ascending side, gates are formed across the ditch 
to admit or exclude the water of the inundation ; and 
these, w hich must be made higher than the dike across 
the river, to prevent the water from flowing over them, 
arc provided with a bomb-proof cover \o secure them 
from the effect of the enemy's shells. Othcf gates are 
formed in like manner at the communication of the 
ditch of the fortress with the river, on the descending 
side, and *serve to retain the waters in the ditch, or to 
let them escape, as may be required. The former, for 
distinction’s sake, may be called flood-gates, and the 
latter ebb-gates. 

When the enemy has effected his descent and irrup- 
tion into the ditch, and has commenced his passage 
across it, the defenders cease to dispute the passage, and * 
open the flood-gates, leaving the ebb ones closed. The 
ditch will then fill with water, which, washing down the 
enemy's epaulement, may compel him to raise his gallery 
of descent, and commence, in all probability, a fascine 
bridge, to avoid a repetition of the torrent. This bridge - 
(which is of the lightest kind and moored with small 
anchors) may have nearly reached the rubbish of the 
breach, and every preparation may have been taken for 
the assault; when the besieged, by suddenly opening 
the lower sluices or ebb-gates, produces a torrent through 
the ditches which will remove a good portion of the 
rubbish, and loosen and damage the bridge of fascines. 

But a still more violent shock is at hand : the upper 
sluices are thrown open, and the waters rush in with an 
irresistible impetuosity ; carrying away the bridge, and 
probably discouraging the enemy from any further at- 
tempt to overcome so powerful a means of resistance. 

A pair of additional sluice-gates may be made some- 
where between the two former, to obviate the inconve- 
nience which might result from an accident happening 
to one of tlu»se, and also to augment the force of the 
current in the ditches on the descending side. The 
gates are generally placed across the ditch in the direc- 
tion of the capitals of the bastions, where they are less 
exposed to the view of the enemy when he has crowned 
the glacis; and ebb-gates should be made wider than the 
others : in order that the water may he less retarded in 
its escape, and any diminution in the force of the cut rent 
avoided, i n order tp secure the advantage of using the 
ditches as dry ones during the first days of the siege; and 
* particularly to afford the means of communicating freely 
with the exterior works, and of making repeated and vi 
gorous sorties ; it is necessary that the bottom of such 
ditches be about one foot above the ordinary high-water 
mark in the river. Acunette, or small drain, is dug along 
the ditches of the place in order to carry off the wuterjwhich 
(even when the gates being closed the great mass of it is 
excluded) will inevitably filter through the masonry of the 
dikes. To procure to the currents in the ditches all their 
desired effect, it is necessary that the sluice-gates be made 
to open promptly and give a wide entrance to the water. 

Of all the means as yet proposed, to arrive at this desi- 
deratum, the most simple is that contrived by M. de 
Bousmard, which, although it has never perhaps been 
tried, is very ingenious, and deserves to he here de- 
scribed. He proposes two piers, with a door between 
them turning upon a vertical pivot or axis, which is 
placed so as to divide the door into two unequal parts. 

The pivot is firmly secured at top by a cross beam or 
otherwise* and at bottom by a flat stone into which it is 
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Fortific*- let. The door being unequally divided, it follows- that 
the stream presses more strongly (the volame o f water 
being greater) on the largest of the wings; and this, ns 
it rests against a groove in, the quay or pier, natarally 
keeps the gate dosed, and exdudes the water. But on 
the above-mentionecj; largest wing there is a small door 
which can be opened by such machinery as is used in 
the apparatus of caual locks. The opening of this small 
door reduces the surface of resistance to less thau that 
presented by the smallest of the wings. The conse- 
quence is that the greater pressure being thrown upon 
the latter wing, the gate turns upon its axis or pivot 
and gives free ingress to the torrent of water. 


CffAPTER V. 

Defensive Mines . 

Mines. The Art of mining, as practised in the Ages of Clas- 
sical Antiquity, appears to have undergone no change 
for nearly two Centuries after the invention of gun- 
powder. A Genoese engineer, at the siege of Sereza- 
ndla, a. ». I4S7, was the first who Iried to substitute 
the use of this destructive ingredient for the old me- 
thod, but did not succeed. The celebrated Pedro Na- 
varra, then a private soldier, who was present at this siege, 
on being afterwards received into the Spanish service 
and raised from the ranks, repeated the experiment with 
as little success at the siege of Cephalouia. Not dis- 
couraged by these failures, he tried iL again at the 
attack upon the Castel del Ovo at Naples, a. d. 1501, 
and acquired, if not the credit of being the inventor, at 
least that of being the first who bad applied this new 
means with success. Before Bologna, (a. d. 1511,) 
Navarra again tried his mines, but a singular accident 
is said to have rendered them abortive : the mines were 
sprung anrl the wall was uplifted ; but, if the tale may 
be credited, the whole mass fell again upon its base, 
olferi ug to the astonished beholders no other proofs of 
its having quitted its foundation, than the crevices where 
the separation had been effected ! The besieged pro- 
claimed a miracle : but Navarra explained the apparent 
prodigy, by showing that the charges had been placed 
with too great precision under the centre of gravity of 
the masonry. 

In order that the reader may the more easily under- 
stand the phrases which wc shall have occasion to use 
in the following pages on modern mining, we shall begin 
by a few definitions. Any subterraneous excavation, 
made with a view of containing gunpowder for the re* 
inoval by explosion of the objects on the surface, is called 
a mine. The place where the powder is deposited is 
styled the chamber. This chamber is of a cubical form, 
and of a size proportioned to the magnitude of the in- 
tended charge. The excavation produced by the explo- 
sion is termed the crater. The line drawn from the 
centre of the charge to the nearest point upon the sur- 
face, whether the latter be upon an horizontal or inclined 
plane, is technically distinguished as the line of least re- 
sistance. The subterraneous roads conducting to the 
chambers of mines are denominated galleries. These 
are divided into grand galleries, detni-gal lories, and 
branches. Great galleries arc six feet high and three 
wide in the clear; demi-gallerie9 four feet by three ; and 
the branches three by two and a half. The largest of 
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these galleries may vary in their dimensions according Fortifier 
to circumstances: but for reasons which will be ex- bon. 
plained, it would be improper to alter the dimensions v—l 
of the branches. The great galleries are I he imner’s * 
principal roads ; and every thing is conveyed through 
them: the demi -galleries are the communications from 
one to the other of these roads ; and the branches are 
the small paths which lead from the galleries of com- ' 
numicution to the chambers of the mines. 

The galleries which usually Constitute a simple ays- System of 
tem of defensive mines are situated as follows. The remanent 
gallery of the escarp is so called from being situated at ^^ lV0 
the back of the wall which supports the rampart. The 
object of this gallery is to enable the breach to he more 
obstinately defended by the explosion of small mines 
placed under the rubbish at *the moment of assault; 
thereby destroying the assailants^ and restoring to the 
breach its original steepness. It is hardly necessary to 
say that when this is done, the enemy is compelled to 
batter the rampart ^nevv..This gallery, moreover, serves 
to defeat the enemy’s attempts to breach by mine, in - 
the event of his preferring that means to battering with 
cannon, or if he should be disposed to employ both. 

With respect, to dimensions, this gallery of tfie escarp is See nl.ir.' 
of the largest above mentioned ; and its situation is shown fig. 2 and 3, 
both in the phui and profile. 

Another gallery extending along and underneath the 
covert-way is called the counterscarp gallery. Its situau. 
tion has been considerably varied according to the opi- 
nions of the different contrivers of Systems. Some have 
placed it underneath the banquette of the covert-way ; 
some uuder the middle of the terreplein ; and others again 
close behind the counterscarp wall. The latter disposition 
seems to be more generally preferred, as most economical, 
most easily lighted and aired, and furthest removed 
from the influence of the enemy’s explosions. The 
lighting and airing here meant are obtained by loop- 
holes cut iu the revetment of the counterscarp which, 
besides, enable a reverse fire to be hail upon the eneipy 
when he may huve penetrated into the ditch: the en- 
trances into this gallery are provided with stout oaken 
doors with bolts on the inside. Many authors, however, 
object to this situation for the counterscarp gallery : al- 
leging tlmt, when the enemy has possessed himself of it, 
the very contrivance for affording a reverse fire along 
the ditch, will serve him to keep in check any sortie* 
which the defenders may make to dispute his sapor 
passage across the latter. The entrances into (his gal- 
lery are vnost frequently made in the counterscarp wall 
near the re-entering angles pf the latter ; and, in that 
case, a tambour is made, upon the terreplein of, the 
covert-way enclosing the stairs at the re-entering angle* 

This measure of security is, however, unnecessary When 
the re-entering places ol arms are (os in the modern and 
Cormontaingne s Systems) provided with a redoubt Be* 
aides this precaution, it is well to have a caponritere on 
each side of the entrances, to flank the accesses to them 
along the main ditch and that of the ravelin. When 
the soil is dry enough to admit of it, the safest way gf 
communicating into the counterscarp gallery is by a 
gallery of comimiuicatkm passing from thAt of the escarp 
underneath the ditch. This procures, moreover, the 
advantage of enabling a branch to be driven from it 
under any spot where the enemy may be making his 
passage across the ditch: besides affording security 
against any attempt to seize* upon the galleries by a 
Budden attack. 
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Fiv.tifica- A gallery running parallel to tlmt of the counterscarp 
tion. distance of about forty or sixty yards from it — that 

j s , about the distance of the foot of the glacis — is called 
the envelope. It communicates with the former by 
others, situated under the ridges and furrows of the 
glacis, and which are denominated galleries of commu- 
nication. 'Hie gallery of envelope is omitted in most 
Systems, because, presenting an extensive front to the 
enemy, it is speedily destroyed by his first explosions ; 
and it is urged that mere passages terminating in a 
point, or by a portion of envelope, so as to resemble the 
letter T, are more advantageous: as they not only 
answer the same purpose of enabling the defender to 
commence early his dispositions lor intimidating the 
enemy ; but the destruction of one portion would not 
entail that of the neighbouring one, or facilitate the 
enemy’s attempts to introduce himself into the galleries 
after an explosion. Hut, in any case, from the envelope 
there are other galleries extending into the country to a 
distance of about thirl) yards; placed at intervals of 
Listening fifty yards ; and called listening galleries, or listeners, 
gallencs. from their object, which is to enable the besieged to 
anticipate his enemy by watching his approach under 
ground. The distance to which it is possible to distin- 
guish sounds, must of course depend very much upon 
the. more or less compact nature of the soil : but, in 
ordinary cases, the blows of the excavating tools may be 
heard ut a distance of thirty yards; and those of the 
hammer in fixing the framework at forty or fifty. The 
reason, therefore, for placing the listeners fill y yards 
asunder, is obviously to render it impossible for the 
enemy to penetrate between them unheard, either from 
one. side or the other. The means resorted to by the 
miner of the besieged to assist him in listening, are va- 
rious. lie may lay a plate of sheet iron fiat against the 
side of hib gallery, and apply the ear to it. He may 
drive a trepan hole in the most likely direction, aud 
listen through it; and if he has any reason to apprehend 
that the enemy will attempt to pass under him, a pea, 
or any round body, placed upon a drum head, will 
vibrate at the blows of the pick and betray the design. 
At certain distances along the whole of these galleries 
there are ready-made doorways, merely filled up with 
loose bricks. These arc also called listeners, as they 
serve for that purpose, and enable the defenders to drive 
branches, without loss of time, in any particular direc- 
tion. To prevent the enemy from obtaining possession 
of the whole of the galleries in the event of his succeed- 
ing in getting into a portion of one, care is tuken to 
partition them off with stro.ng oaken doors, having loop- 
holes with shutters in them, through which a fire may 
be directed against the besieger, or stink balls thrown to 
smother him. The galleries of communication are like- 
wise separated from the principal galleries by doors of 
the same material ; but these slide buck into a groove in 
the wall, instead of turning on a hinge, which from the 
nature of their situation would be inconvenient. 

It often happens that no system of defensive mines 
has beforehand been made underneath certain fronts of 
a fortress* which nevertheless’ may require such an ex-, 
pedient: in order to establish an equilibrium of strength 
between them and the remaining fronts. The maimer 
in which the establishment of such mines is e fleet ed at a 
moment when a siege is anticipated, remains to be de- 
scribed before any thing is said respecting the charges of 
mines. The first tiling done is to determine, upon the 
pan of the works, the situations which it may be most 


expedient to allot to the several galleries. It is unue- Fortifier 
cessary to observe that, here care must be taken not to hog. 
run into useless expense and loss of lime, for the mere 
sake of symmetry. The galleries must be made under- 
neath those spots upon which the enemy is obliged to 
conduct his saps; and it would be needless to drive 
them in places where, being seen in reverse by some 
projecting outwork, he would never attempt to approach. 

When those points arc settled, the pfan thus devised 
upon paper is marked out upon the suifacc.of the 
ground, and at all the intersections of the lines denoting 
the situations of the intended galleries, shafts are sunk. 

The reason tor sinking shafts at the intersections is, that 
any inaccuracy of direction in the driving of the galleries 
may thus be the more easily corrected : as, when the 
shafts have arrived at the required depth, the galleries 
are driven from thciice to meet one another between 
every two shafts. 

The materials used for sinking the shafts are square FUiv.flg.4. 
or oblong frames, with a sheeting of planks to prevent 
the earth from falling ii|. The operation is commenced 
by placing one of the above frames (with projecting 
ends of a foot or fifteen inches length) flat upon the 
ground, with two of its sides at right angles with the 
line denoting the direction of the intended gallery. The 
frame is fixed so as to be immovable; with pickets or 
stakes driven in on each side of the projecting ends. 

The miners now commence digging ; and the depth of 
the excavation must depend upon the greater or less 
tenacity of the soil! In ordinary soil, (lie second shaft 
iiaine may be placed at a depth of four feet. When, 
therefore, the miner has dug to this depth, he makes the 
bottom of the shaft perfectly even and level, and then 
places the second frame (of cnuise without projecting 
ends) vertically ifrnlcr the first, and ascertains its position 
with a plumb line. This done, be connects the first 
frame with the second by means of wooden ties of equal 
length, nailed to the centres of the sides of the fuiines. 

The sheeting is then introduced between the frames and 
the earth ; and wedges arc placed between the sheeting 
and the second frame to preserve room for slipping in 
the planks from the second to the third. Any cavities 
between the earth and planking arc filled up with sods 
or sand-bags : in order that the sheeting may press 
firmly against the frames. The digging is now recom- 
menced and continued to the same depth: when the 
framing, sheeting, and adjusting, arc repeated. As 
long as the excavation is sufficiently near the surface, 
the loosened earth is easily thrown up by manual force; 
but in proportion as the shaft becomes deeper, other 
means are resorted to for Us removal. A cylinder, turned 
by a winch, 'like the machine used for drawing water put 
of a well, answers the purpose; sufficiently, by passing- 
several times round the cylinder a rope having a basket 
or bucket fastened to each of its ends : by which means 
one ascends loaded whilst the other descends to be filled. 

When the shaft is sunk to its required depth, the sides 
of the two last shall frames, situated in the direction of 
the intended gallery, are removed ; and the excavation of 
the latter is commenced, cither horizon tally, or with the 
inclination suited to the object in view. 

In the driving of galleries, the means of keeping lip 
the earvh are much the same as those employed in sink- 
ing shafts ; frames and sheeting being employed for the 
purpose. The former of these ore composed of two 
stanchions, a capsill, and a groundsill ; the latUr is some- 
times 'omitted, but such a practice is not to be recoin- 
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FoiiiAca- mended. There ?trC, however, many cases where- sheet- 
tioD * ing is not altogether indispensable : as when the soil is 
' sufficiently stiff to sqpiKfrt itself without such, assistance. 
The frames by themseive^ aretfiehusedpand even these 
are often dispensed frith in strong softs,^ and! where the 
mines are intended: for immediate use ^ it is ffevejthetefcs 
scarcely justifiably ;to putpienV liveX intbjeopardy, 
merely to econopufee » few piecia of. tifnber, or fh$ fevf 
additional mpments which the fixing of th<p latter might 
require. When these galleries am. made, m here sup- 
posed, at a moment of need; it Will suffice, iii' oid?r 'tfe' 
save trouble, to give them -four feejt and ahjalf of height; 
by three* or twq feet . and Vhatf* of : - fr»dth.t When a 
branch only is driven from ohe bf ihe hbove giftferiestd 
the place where 1 the powder Js io be deposited, if may be 
made three feet high, by two and a half broad : them » no- 
thing gained, with respect to time, by making it smaller ;; 
for if, on one hand,' there is less to excavate; 4 on the. 
fl fi* 5. other, the inconvenient posture of the miner, who even 
plate iv. - n a g a |j cr y 0 f tlio above dimensions is obliged to work 
sitting, will render ilia progress of the work nearly "the 
same. But there id ah important reason fbr not increas- 
ing the dimensions of the brandies that the smaller 
they are made, th8 more readily and solidly may the . 
mine be tamped, and the less likely will it be, that any 
part of the charge should find vent along the branch. ‘ 
The earth i9 removed from these branches by means of 
a small four- trucked cart, having a cord at each end.. 
In proportion as (he first miner excavates, a second* 
draws, the earth towards him with a hoe, and fills the 
little cart ; which ,is then drawn by a third to the en- 
trance of the branch ; where the earth, is revived and 
transported to a greater'distnnee, or to the foot 0 F the 
shaft, by a fourth. ' Four miners thus employed consti- 
tute a brigade. When it is necessary to fix 'the frame- 
work, the whole four assemble for the purpose. It has 
been found/ by repeated experiments and by actual ser- : 
vice, that brigades of miners, relieving one another at 
proper periods, can execute on an average eighteen feet 
length of gallery in twenty-four hours : this supposes,* 
however, that nothing: occurs in the way of obstruction 
from the enemy to cause any delays. 

The distance, at which the frames- are placed in the . 
driving of galleries, is determined by (he same reasons 
which regulate the intervals of the shaft-frames. Some 
soils, as we have already said/We stiff enough .noi^b 
require these supports: but, again, thefe are oth&s which., 
are so loose as to oppose almost insurmountable difficult . 
ties tq the progress^of the miner ; and there are indeed 


cases where, the soil, being sand! or gravel of the loosest 
Lind, no other alternative remains but to cut outfthe 
gallery like aditth, open at top, case up the galler^cgre- 
fully with sheeting, and then fill in the soil over the tpp. 
It must, however, be observed, that a gallery, havi ng lin t 
onq issue _ cannot prbperiy be driven beyond a certain 
limit, without inconvenience or danger' to theiumer; 
the air, from want of ventilation, not; being $rttperto 
support Ufe.^VPhen, therefore, it 'is necessary to go 
beyond that limit, some means must be employed to 
produce an, jtrtificial currenf of air; \ The piosi common 
expedient is that of a forge bellows "blamed at, the top 
of the shaft, and having canvass or leathern pijpes ex- 
tending into ^tSe ^allery Or branch * * A trepan hole 
may lihewlse Wdrlven, frdtftfefie edMrig of t^fe gallery 

• But a muih j^d&a&lo m^chio*, vthi hydro^a^ic 

bellows; with, tvejry tipi#* and has 
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up to the surface of the ground, for the same purpose; Fortifies- 
When a branch has been driven to (he required leiigth, Aon. 
a tetum is jpade at the end either to the right or Teft. v ^v"* i V 
and the chamber iti excavated. The reason for making 
the chamber in a retprh; is that the mine may be more 
Solidly tamped i ind this is done in a manner to be pre- 
^ sently described. - • 

The quantity iof powder with which the mine is to be 
'charged must of course depend upon the effects required 
> to be produced, and upon the nafureand tenacity of the . 

:* .'soil, in which it is foact. ** The ^iifrmensje nunTber of ex- 
-periments raadebylh* Vaitere to arrive with 

/.^eat accuracy at; the conclusion, that u $ubic filthom of 
v soft of Ofrdindry tenacity required teiv pounds, ten ounces, 
srx grafrisdf powder to. uplift It. Then/on the suppo- 
sition thaf fhe crater of a mine is a pat&bploid, having 
the diameter of its base equal to twice the line of least 
resistance/and the fb£us of Sts gedferatiug parabola at the 
centre of the'charge.he calculated thocubicil capacity 
of the excavation’ in fathoms; and, consequently, oiu U * 
tiplying ten pounds, ten ounces, six • grains, by that 
number of/atlioms; he obtained the; inquired ..charge in 
pounds of powder/ In this pianffer hfe corfiposed tables, 
serving to determine the quantity of powder required to 
charge a mine of the above form, whence line of least , 
resistance is ^iven. Belidor proposes a way of using ^ 

- these tables, asT a means of obtaining much more exten-. 

, aive eflfects than' those" fpr wliich they are exclusively 
calculated, tie supposes that the earthy upon the 
explosion of a mine, Is . bom pressed (6 an equal dis- 
tance in eyery direction ffoip the centre of the phmge ; 
and to' the extent sp acted upon by/tlie igUited mass, 
he gives the name of a globe of compression. ? He. con- 
siders the linp drawp /rora; the centre of 'the.charge to 
the edge of the. crater, which is ' the hypotheniisd of a 
right-angled triangle, having the lino of least resistance, 

: and' the semidiameter Of the ctater for the other* two. ’ 
sides, as the radius of Che gipbe of compression. Then, 
he says, globes of compression, like 'all other globes, Ore. - 
to c&cl) other as the cubes jdf theit diawefers pr>of th^ir 
: radii. , If, thercibre/instead pf:a chrtcr whose diameter 
is equal tp only’ twice the Ime. of least resistance, (as .. 
estimated in’ Dc Valicre's tables,! It be required to fortai 
one m which die dfanieter shajj bear higher ratio to * 
that line, it is only necessary to add together th^ squares 
of^the Hue of feast reslstenct ih thq tables and Ui6 
semidiameter of ihe crater, to obtalfi the Square of the , . 

. hypothennse Of that ' trianglo': or, iff other , words* the* • 
square of the radius of the globe of Compression which* ' 

>pulA be formed with the chajrge Iff* the tables, corre- j " 
spiohding to that ljne of ldast resistance.,' Kind lff/tfie 
same manner the square of the radiu^ of the required . 
globe ; extract "the square root ; then cubd 


thegiyen difoensibiis^ . < - *, 

The practical application rules above given, 

ahdjindee4 Of any others ah yet prbposoiil,' is however 
very limited; the. effect produced in different soils by 
fired gunpowder bearing no' Constant proportion to the 
aipount of the Charge; and. the error becoming very 
cpffsiderabie when (he charge is greav; Experience also 
htas^liown that no quantity “of* powder will make a 
crater laigcr iff diameter- than about six times the Tine of 
least resistaffee; apd that the diameter of the globe or 
coiff prej^sioh n Iff Hikt case will Hot exceed about eight 
- , l> * ■_ "2 s' * ' - ' . 
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Fortified- times that tine. The case Would be different, and effect* 
tion, would be always nearly , in proportion with the magni- 
tude y of the charge, wefe it possible that the whole of 
the powder should become ignited at the same instant: 
this, however, cantiot occur, as its particles igu ife suc- 
cessively, and the portion, first fired blowing up the 
earth above it*/ allows a certain quantity to escape 
through the fissures, either unfired or without producing 
any useful effect. The rule given by Belidor for de- 
termining the charge of a mine where the maximum of 
the effect^ of powder is required to be produced, the 
line offcast resistance being given, is this : multiply that 

* line, in feet, by 300, and the produce will be the re- 
quired charge in pounds of powder. But the quantity of 
powder, thus obtained, much exceeds that which would 
have resulted from the employment of the formula 
before stated. The, magnitudes of mines are now com- 
monly expressed by the number of times the line of 
least resistance is contained in the diameter of the 
crater : thus a mine is said to be one lined, two lined, 
three lined, &e. according as the said line is equal to 
once, twice, three times, &c. the diameter; and from 
experiments recently made in this Country it has been, 
determined that, in earth of medium tenacity, the charge, 
in pounds, may be found by multiplying the cube of the 
line of least resistance, in feet, by 0.033 for a one lined* 
mine, by 0.095 for a two lined mine, by 0.21 torn three 
lined mine, &c . ; and these numbers are nearly pro- 
portional to the squares of the diameters of the craters, 
when the lines offcast resistance are equal. It has been 
also found that, when it is intended' to destroy a' sol id 
mass of masonry hy placing powder withirt it, the charge 
in pounds should be equal ,t6 about one-tenth of the 
line of least resistance. 

The charge being ascertained, the chamber is 'ex- 
cavated of the required dimensions, and a box of a 
cubical shape is prepared for containing the powder. 
•If the ground be at all darfip, it is necessafy to calk 

* and tar this ,box, the size of which must be such as to 
contain/ as exactly as possible, the proposed charge. This, 
as well as the size" of the chamber, may be determined 
by considering that a box, of which the capacity is equal 
to one cubic fcpt, will contain 57.6 pounds of powder. 
With respect to shape, the spherical would be better for 
the purpose than the cubical fof obvious reasons ; but 
,the difficulty of making spherical boxes renders it neces- 
sary to adhere to the other form. The foot cube, above- 
mentioned, is the inside dimension. If, therefore, for 
Instance, it were required to make a box to contain' a 
charge for four hundred and sixty pounds, it is evident 
that its interior capacity must be equal to eight cubic 

. feet, or that the box must measure two feet every way 
. on the inside. ' Inch planks will suffice for the . timber 
See fig. 7. of the box. Every thing being ready for charging the 
pUtem mine, the box is placed in the chamber, and being firmly 
fixed, a wooden trough reaching to its centre is intro- 
duced into it, through a square hole made for the . 
purpose in the side next the branch. This trough is 
v destined to contain the canvass powder-pipe or hose f by 
^whjjdh' the fire is Communicated to the charge. The , 
size of the trough should be about an inch square 
inside. ;W»th respect to length, it is continued as far' 

* as the apbt where the Qre ts k> be communicated, and : 
' it is made with such bends and angles as may be neces- 
sary. ■ When, the boJj to fixed and the trough is ad- 
justed, the latter is nailed to the ground-sifts of the 
branch frames to secure |t from any movement. The / 
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powder-hose is then laid in it, with its end in the centra Forfifica- 
of the box, and with a peg driven through it to prevent “on. 
the possibility of Us recoiling. The lid of the trough 
is now nailed down, and covered with about one foot of 
earth, taking care at the same tiofc to guard from damp 
or fire the outer extremity of the hose. This done, the 
powder of the charge is conveyed into the box in leathern 
bags, which the miners pass from one to the other, and 
which are emptied by lire last into the box. . When the 
latter is full, the lid is fastened down, and ahy vacant 
space about the box is filled up with sand-bags and rub- 
bish strongly rammed. There is then placed up* against 
the box and the space thus. filled, (as shown in fig. 6, 
which represents a vertical section through the branch 
and chamber,) a partition of strong planks .firmly butted 
against the opposite side of the branch, where other 
planks have been put to strengthen the abutment. The 
interval between the bracing beams is "filled up with 
sand-hags, and every thing which comes to hand ; this 
wadding up or tamping, as it is called, is continued in 
the branch to a length equal to once aud a half the line 
of least resistance; without which the mine might partly 
vent itself in that direction. * . 

No to the greatest inconvenience Experienced in the 
use of mines arises from the smoke of the powder, 
which, alter the explosion has taken place, penetrates 
into the branch and neighbouring galleries, corrupting 
the already stagnant air even to endangering the lives 
of those who breathe it ; in consequence of which the 
men are compelled to abandon the galleries until, by 
means of a ventilator,* the air tnay have been renovated. 

This has besides the evil of affording the enemy time to 
dig in the Crater and reach thtf tamping or wadding of 
the branch without running any risk, since his work is 
performed in the open air, where a free circulation car- 
ries off the deleterious matter. Many have been the 
means at different times suggested for diminishing this 
evil: we shall however confine ourselves to that which 
has been tnost successful, and which was invented by 
the Commandant of the military school of Verdun, M, 
de Rugy. The greatest part of the smoke at the 
moment of explosion is projected outwards with the 
earth removed ; another portion, which has been unable 
thus to escape; issues out after the explosion through 
the rubbish which has fallen back into the crater; 1 and, 
lastly, a third portion, driven to the bottom of the crater 
by the rubbish, arid being unable to find' vent upwards, 
p^urs through the trough and fills the branch or gallery. 

It is not therefore so much the smoke of the charge that 
is to be apprehended as that of the powder-hose used . 
for springing the mine ; the latter smoke being impelled 
with violence through. the trough into the branch im- 
mediately after the explosion lias taken place. The 
smoke thus produced by the hose is more titan .sufficient 
to prevent the miner from reaching the mouth of the 
trough, owing ip its pestiferous qualities: it is more- 
over soon joined by that which conies f rom" the explosion 
of the charge ; ahd the whole united spreads- itself 
through the galleries to an extent greater or less in 
proportion to the magnitude of' the charge and compact- 
ness of the soil. It was therefore found necessary by 
M. de Rugy to abolish the use of the hose ; and his 
contrivance fcas follows. In the centre of a small 
chain he fastens ^aoine match, and at each extremity of 
the chain he ties a Binall cord or string of a length at 

' e For a description vf few yantilstoq p§t§ JkUdcr*s Treatise on Mines. 
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Fortifies- least equal to that of thi trough it wilt -have to pass 
turn* through; ■•■A double Instead of a single trough is made 
’ to communicate with the charge ; and the shore chain 
aqd strings being laid in it, the lid is fastened, down as 
before; When therefore it is necessary to spring the 
mine, the match tied to the chain is lighted ; and t>y 
gradually pulling the string it is drawn over a spot dose 
to the charge, where some loose powder has* been 
strewed, the ignition of which will of course communicate 
the (be to the mine. The use of the string at the, other 
end of the chain is to enable the latter to be drawn, back, 
again in the event of any thihg preventing the explosion 
from taking effect, or of the chain hitching any where on 
its way. This contrivance, has often been found in the 
highest degree successful : it preserves tlie .branch alto- 
gether from smoke, when the tamping has been properly 
executed, and when care is taken after the springing of the 
mine tostopiup the mouths of the troughs immediately 
with sand-bags. But it has one objection, which is the 
great nicety required in making the t tough : the inside 
must be very smooth, the angular parts properly rounded 
. off, and the joints well put together, so that nothing 
may impede the: movement of the little chain. Not- 
withstanding sueff difficulties, there is no doubt that this 
method is preferably to any other, when it is, as is gene? 
rally the case, desirable to make use of the gallery im- 
mediately after explosion. 

Before we conclude the present chapter, it may not be 
inappropriate to mention some precautions which it is 
necessary to observe, in order to prevent accidents whilst 
preparing the mine. The men should be obliged to take 
off their shoes, for fear of the nails which they may have 
on them. The nails for fastening the lids should be of a 
different metal from that of which the hammer is made. 
The powder should be conveyed in leathern pouches in- 
stead of sand-bags : lest any grains should get strewed 
along the grouud, and thus form a train which might be 
productive of the greatest disasters. It is likewise recom- 
mended that the sand-bags used for tamping should not 
be filled up to the top; but that a portion should be 
left empty, and that the bag be then tied as near the 
mouth as possible. This, as the soil will lay loose in 
the bag. will render the filling up of chinks infinitely 
more easy, and the- tamping therefore *inorc compact. 
Two or more mines placed near one. another may, by 
springing simultaneously, produce an efTect much greater 
than could be obtained from them when tired one after 
the other. It may therefore, in some Cuses, be desirable 
to effect this joint and simultaneous explosion ; and the 
way to do it is simply to tnuke the hoses of all the charges 
of equal lengths. If likewise k be wished that one mine 
shall spring before another, it is only necessary to shorten 
the hose communicating with it ;but no diminution of 
length need be made to allow for the effects of bending* 
in the hose, as directed in the works of most French 
Authors on Mining. For recent experiments in 'this 
Country have proved that, so far from burning more 
slowly,' as asserted by those Writers, a bent powder-hose 
fires with rather greater rapidity than a straight one of 
equal length. But the real difference in the rate of com- 
bustion is too small to require any allowance in practice* 41 

* Almost all the 'details which belong to the processes of Military 
Mining, have during the last fifteen years, been very much simplified 
and improved by long practice and repeated experiments, at the 
school tor the instruction of the officers and soldiers of the British 
Engineer Corps, tinder Colonel Pauley at Chatham. But the publi- 
' cabon of the notes and rules compiled for the service of that aduiir* 
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CHAPTER VI. 

Casemates, 

Though it is probable that, during ages to come, few Propw 
opportunities will occur for making great improvements situations 
wi the' construction of fortresses; and though there is forcM * 
reason to believe that the means of defending places will maU>a ’ 
never again become equal to those which may be dis- 
played’ in the attack ; yet these considerations should 
not be allowed to discourage the efforts of military 'men 
to give & degree Of strength to theiy worki*, beyond that 
which can be, afforded bj an exact' adherence to the 
Systems already in use* Since whatever can prolong, 
but for & few days, the defence of a fortress may, in some 
Circumstances, be productive of . the moat important 
consequences. With these views, therefore, besides the 
casemates or covered batteries in the tower-bastions and 
Banks of the body of the place, which have been de- 
scribed in the Second and Third Systems of Vauban, 

■such batteries have occasionally been formed or profiosed 
in other situations, to cooperate with the artillery on the 
ruiil parts for the defence of ditches. It is plain, indeed, 
that casfmated batteries, if confined to their ancient site 
in the Banks of bastions, must be utterly useless in any 
other constructions thau thef Systems above mentioned i 
since they would be masked by the tenaille which, by 
covering the curtain and . flanks themselves from being 
breached, serves too important a purpose to be removed. 

But suggestions for a more general adaptation of cose- 
mates have, since the publication of the Systems of 
Mantalembert and t Carnot, been offered by French 
engineers ; and it appears that some efforts to reduce 
these ideas to practice were, during the reign of Napo- 
leon, actually made in the fortifications erected fh Italy ■ - 
and at other extremities of the Empire. 

According to the aiithor of the Analyse de l f Outrage Proposal* 
intitule Reflexion* Critiques mtr CArt Moderne de For- of modern 
ti/ier, these expedients consisted chiefly in the formation 
of cnsemalcd batteries within tbt ram parts of fortresses ; fil * 
and in the affording of a more effectual defence to covert- 
ways, with security against the ricochbt fire of the enemy, 
by means of loop-holed galleries. On the faces of bas- 
tions or ravelins, where it is of importance to direct a 
powerful fire upon the works of the enemy, it was pro- 
posed to raise the rampart to a considerable height : but 
tli is,' instead of being a mcre niuss of earth, was to con? 
sist of two or more tiers of * strong and well-ventilated 
casemates ; formed with masonry along the whole lace; 
and having embrasures in the" manner of portholes to- ; 
wards the front. Each tier of . casemates was to recede^ 
from that below it, according id the nature of the cxteViOr 
slope of the rampart: 'so that, (hough the lqwef ; tier 
should be .ruined by* the enemy Vartiilery,' th6 upper 
would nof fall until the side v waljs sfcohld l?e dcYtfolished 
far within the face of the woirk. r Behind these casemates 
it was proposed to have a vaulted gallery for the passage 
of guns* ammunition, &c M undercover along the ram- 
part ; and, on the opposite side of the gallery; to have 
other casemates for troops, stores, Ac. Into these, also, 
was to be finally withdrawn the artillery of the anterior 
casemates’; so that the fire might from thence be con- 
tinued even after the latter should be destroyed. Owr 

able establishment has very properly been interdicted; And in pm- 
, paring the portion Of the present Article tfhirh relates to Mining, it 
has therefore been repriced rather to abstain from referring sjwcin- 
cally to these latest improvements in the Ayt, than to make au un- 
authorized use of the official papers in which they are de&crmeu. 

\ 2s$ • .1 
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Fort! Rea- the upper tier bf casemates It was recommended that fled according to a plan given by General JDhasseloup Fortifica- 
tion* there>»hbuld -be, instructed an "ordinary parapet, from de Laub&t. Alessandria is situated between the rivers 4 

whence' a fire of musketry and grenades might be Berm id a and Tanaro, which, permitting inundations to 

directed to the bottom of the ditch. These different be formed, render it in a great degree inaccessible. The 

/tiers of guns would' permit the defenders to make a town itself which is of an irregular form, was stir- 

1 grazing or plunging fire on the approaches of the be- rounded by an enceinte consisting of bastions and cur- 

siegers, as circumstances might require, and to oppose a - tains, but Without ravelins.' The ancient citadel, how- 
quantity at feast equal to that which could be brought ever, which was ' hexagonal, had those' outworks ; its 

against them./ ; The artillery, also, being under cover, bastions were constructed with drillons; and both these 

, the effects of Enfilade and reverse fires would be rch- and the ravelins were covered with Couuterguards. 

dered null : so as to reduce the enemy to the n&essity of About the whole, and surrounded by the waters, ; were 

eiUpldying only those Which are direct, or perpendicular disposed nine horn or crofirn works, each Consisting ot 

to the luce of the work ; and in thecasemates the troops two or ‘move bastions, but without ravelins ; a covert- 

might be securely lodged close to the spots ill which way aqd glacis extended along the counterscarp of the 

their* services would be required. The partition walla ditch; and, beyond these, was an advanced lunette re- ‘ 
of the caseinates were to be loop-holed, and the gallery trenched by a redoubt and protected by its own eovert- 
of communication secured by barriers at intervals; in way. All these covert-ways were without traverses; 
order that, in the event of a breach being made in the but, for the purpose of concentrating a great quantity of 
face of a work, it might be defended on each side by a fire on the capitals, the interior of the glacis on the 
clqs#firc of musketry from thence ; and the Author of longer branches was cut cn crcmaillerc, There-entering 
the Analyse concludes that it would be impossible to and salient places of arms were retrenched by redoubts ; 
assault a place fortified in this manner, until after" the and those in the latter were of a polygonal form, and 
whole of one face had been completely destroyed. having the crest of the glacis carried round them parallel 

Notwithstanding the benefits acknowledged to be de- to each face : by which constructipn.feveral advantages 
rived from the covert-way, by the facilities, which* it were obtained. For, the fires might be directed at plea- 
offords to the communications about the works, many sure with considerable efficacy, to any required part of 
serious objections have been urged against it, chiefly on the sectoral space about each place of arms, and might 
the ground of its . exposure to the ricochet, which the command in. reverse the approaches of the enemy to- 
traverses very imperfectly prevent: while the steep • words the re-entering works : while the same plates of 
counterscarp has also been considered as objectionable ; arms might be powerfully defended by the crossing 
Ijy reason of the impediment which it creates to the free 'fires from the latter; and the redonbts themselves (which, 

• movements of troops, when it may be necessary to send from their situation, Were not liable to mask the fires 

them from. the body of the place to any part of the covert- from the principal works) were intended, by their ele- 
woy menaced by the enemy. On these accounts some vation, to prevent the ricochet fire of the enemy from 
modern engineers have proposed to dispense entirely taking \jffbet. on the branches of the covert-way. Pali- 
with the coyert-way, substituting for the. counterscarp sades, which have been hitherto considered as indispen- 
an inclined plane gently descending to the level of the sable for protection against a sudden assault of the 
bottom of the ditch ; and even those who advocate the enemy, were here omitted : it being considered* that the 
preservation of the edvert-way, have recommended a covert- way would without them be sufficiently defended 
Description formation of this part of the works different in some by loop-holed galleries, which were formed for the pur- 
of Nspo- ■ respects from that which has been hitherto practised. pose behind the escarps of the interior works. These 
leon'n fort- The particular kind of covert-way here alluded to was costly and extensive fortifications were subsequently 
. Aleraaa- executed before-* the works at Alessandria in Italy ; a destroyed by the Austrian Government. ' 

Aria. place which, during the Tcign of Napoleon, was Torti- 


PART IV. - . . 

DESCRIPTION' OF TOE OPERATIONS OF A MODERN SIEGE j WITH RESPECT DOTH TO THE 
‘ ATTACK AND DEFENCE, 

; "V CHAPTER I. anciently experienced and until. A Into period preserved, Long retime 

1 . ' ’ J ^ , hi the. n'sdurees of defence, seems at leugih to have been fi° n °f the 

;; f ; ? ProgreH of the Modern Art of Attack. completely and irrecoverably reversed. ancicut 

Agebpral outline of the manner in which the Ancients During the XlVlh a'nd XV th Centuries, as the walls Stack; 

•»' attached and .'defended their fortresses has already been of undent fortresses had for tlie most part undergone 
jgly^n^hd lt may be observed that nearly the>ame pro- ■ po alteration, and" were consequently discoverable to 
• ; c^feubritinued to lfe employed, until the invention and their very bases from a'great distance, little more was 
caused A . thorough revolution in the Art , necessary than to establish batteries at four or five 
yfbf ’SiegesV' - We , shall now .endeavour, as well as our . hundred yards frpiiri the place, and t5 employ them in 
^llinits wift permit; to foJfoMf the subsequent course of; breaching: whilst * trench was dug in * zig-zag diree- 
improvement ih the .tolihod* of attack, down to the pre- tion> towards ihe broken part of the rampart, in order to 
sent timei ; ehd it wfflCfqrfti the Chief object of this rapid serve as a edvered road for the troops in rushing to the 
sketch, footrace the means' by which the superiority,, assault. This mode of attack is practised even at pre* 
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Fortifica- sent, when tbewalladf a place are consWeraWy.ex- -erecting hiq. batteries atriglit angles with the prolong- Fortife* 
posed. * But, when, by oh improved disposition! of thq tiohs of the, faces of the works; and of so regulutmo- The tifa. . 

1T -~ 11 defensive works, and a' due, regulation of their reliefs, charge and elevation of his . guns, that the shot should 1 
the walls were/ nearly hidden from, the sight of the be- $we6p the whole length' of the rampart with frequent 
siegers, the latter were of necessity compelled tet bring bounds, dismounting the guns, and, compelling the de- < 
their guns to the very countersearp,.in order to see the ; fenders to quit the parapet.. This mode of tiring, which 
wall loweftough down for' effecting a practicable breach, is called 4 ricochet f was found very successful On 
The defence now gained an advantage over the attack ; ne charged t let pieces de tie* batUricsqu'd dmi charge 
but it was merely momentary, - The Art of gunnery says the Journal of the siege, qu d un quart de charge; 
made great progress towards perfection ;' and, whemem- et on let poihtdil tout le long du themin convert des 
• ployed in the, attack of fortresses, nothing is now found branches de Vqworftge d corne et de celui d couronne. 

capable of resisting the overwhelming force of the mo- Let bonlets. en effleurant Us palissades et. labour ant la 

dern artillery/. Up to about the middle of the XVIth , ierre,faiment plusieurs bonds ; etalloientse ptrdre t en 

Century, no regular system of conducting the trenches, mutant jusgue dans Its' chemins converts H dam les 

by which the fortifications were approached, seems to . ouvrages detaches du corps de place stir h front de la 

• have been followed ; neither were sufficient precautions grande attaque . Ces aortas de batteries ont plus incom - 

taken for protecting the saps in: proportion as they mode les ennemis que toules les autre*. A few years 

advanced. It therefore followed that considerable loss .afterwards, at the siege of Ath, (a. d; 1697 J the advan- 
of time and of men’s live* resulted to the besiegers from tage of this new mode of firing was more folly seen, 

the success which attended the sorties from the gam- and its success more complete : for that fortress- of.Vau- 

son : who continually harassed the heads of the saps ban’s own construction and regarded ad his master-piece, 

• both by day and night, driving the workmen from the „ was besieged and captured by him, after only thirteen days 

unfinished trenches, filling in the excavations, setting of open trenches, and with the trifling loss of two officers 

fire to the gabiorts, &c., and carrying off the intrench- and fifty men killed, eight officer* and one hundred and 

Invention ing tools. At the siege of Thionvflle, a. d. 1558, forty-two men wounded. The' total expense incurred in 

it place* of Monti uc* assumes great credit to himself for having first the siege amounted. to uo/more than £$b70. The Art 

trenches • su ffg cste<1 ^ mean3 of obviating this evil : he tells us of Defence may be said to have never recovered from the 

' that he made at the end of each zig-zag a little offset inferiority, into which it fell in consequence of this change 

trench to the right or left, and placed troops in it to fire, in the. employment of the artillery. From this period 

upon any sorties that might attempt to disturb the work- we may date the decided superiority of the Attack; . and 

men at the head of the sap. But this expedient was there is little hazard m predicting that this superiority 

long employed in too limited a degree to prevent the will even yet increase : unless expedients lie found for 

frequent rccuirence of such interruptions: until, at. the covering the artillery of fortresses from the destructive 

of parallels; siege of' Maastricht, a. d. Itf73, Vaubnn being fully em- ricochet, and the no less destructive fire of mortars;, of 

powered to conduct the attack according to his Own which the use is now so much multiplied; and theses 

judgment, abandoned altogether the old routine; and vice conducted With such astonishing precision, 
taking, it is said, a hint from the operations of the Turks 
before Candia, — where being compelled to advance with 
the utmost circumspection . over a vigorously disputed 

ground, the Ottoman engineers had covered their ‘ CHAPTER IT* 

advance with trenches in every direction — he traced bis- * * s' ; ' 

zig-zags across the three capitals of the front selected for ' Preparations for a Siege. 

the attack, and supported them at proper intervals by *1 _ , * 

. places of arms or trenches of sufficient extent to envelope When the siege of a place is decided upon; the first step I a vest- 
the whole of the works against which his approaches taken is to make the investment : which consists in seiz- meat. 

■ were conducted. ' in £ suddenly upon all the avenues to the place,; carrying 

and of ri- Hitherto the batteries of the besiegers had been off every One and every thing which, by the negligence of 
coca.t fms. thrown up in directions parallel to the line of rampart, the garrison, may be found outside the. wal^r and cutting 
the artillery of which they were destined to silence by a communication with the exterior. The wojrks off 

direct fire. The accomplishment of this end was, there- ? the place and the surrounding country arc tlieu eare- 
fore, slow and difficult : as the assailants were under the* fally reconnoitred ; and a correct plan made of them, if , 
disadvantage of opposing breastworks of loose soil to the l* 10 besiegers indeed should not be Already provided 
well-settled parapets of the fortress. The only means with one. The besieging porps are encamped beyond. - 
which they hud of silencing or dismounting the artillery . l hc range of the cannon of. the. forbesSvdii' situations 
of the place was by bringing down tile parapets by the best adapted to the truops. pf each particular arm. * - 
mass, and. thereby depriving the guiis of cover. But Linea of eircumvallatfon ; /au^ cpuntervallation to Lines of. 
before this effect could be produced, their own batteries cover these encampments are ppW so little resorted to, circumvol- 

were repeatedly levelled ; atid hence sieges were of much - ^nt we shall confine ourselves . to. the jmere explanation “J? 

longer durgtioU and attended with far greater waste of fialwfe i. and it tshdre sufficient tef observe that, 

lives, than after the introduction of a new mode of . speaking, they may be omitted in sieges, and Soe^iate 

placing the siege batteries s of which we are now to give a * ew f° rt ® op mdoubta Substituted for them in coin- iii.hg.1. 
some account. It was at tlie siege, of Philipbourg, a. d. sanding situations. In modern warfare, each of these . 
1688, that Vanban,; Who had for some time fully ob- j incs consists of a chain of redans, . lunettes, or qther 

served the disadvantage of placing the artillery in the works' constructed at small distances from each other 

manner above mentfoiied, determined to try the effect of *fc>und the fortress, and geuerally connected by curtains 
- ». * either straight or broken. Lines of circumvatlation ate. 1 . . 

* CohtMcnfatret'de Moatluc, lib/lv. <ul a/o. those which, facing towards the country, are huended as : 
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Fortiftca* a covet front the attempts of the enemy** movable forces 
tiou. iq disturb the operations of attack atid relieve the place ; 
and lines counter vaUation are made within the above* 
at a convenient distance facing the fortress, to check the 
„ enterprise* of a strong and spirited garrison. The 
ftpest example that can be cited of the utility of these 
lines, is the successful defence made by Caesar within 
his inlrenc^ments before Alesia, although attacked in. 
front and. rear by two armies, each more numerous than 
bin own. But the suppression of these lines simplifies 
, considerably tlie operations of o siege ; though it would 
be Imprudent to proscribe them altogether : since cases 
may arise to render their employment an unavoidable 
measure. Thus, at the siege of Mantua in Napoleon's 
first Italian campaigns, the French army was intrenched 
between works facing both the place and the country: its 
numerical weakness aud other causes rendered the pre- 
caution necessary, and the result fully justified it 
Collection Previous to commencing the attack* care is taken to 
of mate- provide in the neighbouring woods or forests the mate- 

rial*. rials necessary for the construction of the trenches ; viz, 
fascines, gabions, pickets, sap-faggots, and hurdles. 
Fascines are bundles about a foot in diameter, composed 
of the smaller branches of trees, bound together wt inter- 
vals with twigs. They are of different kinds : the 
smallest are six feet long, and are used for tracing out 
the trenches on the ground; the larger kinds, which are 
frequently called savcimns, are twelve feet or eighteen 
feet loug, and serve to revet the slopes of batteries. 
Gabions are cylindrical baskets open at both ends : the 
stakes, round which the twigs are woven, being allowed 
to project a few inches beyond the basket* work at both 
ends ; so that, in placing them, the undermost ends are 
driven into the. ground, and oh the uppermost may be 
fastened fascines to augment the height- ami solidity of 
the work. The gabions used in sieges are rather 
smaller than those employed in other field works : they 
are here generally about eighteen inches wide and two 
feet and a half high, and weigh from thirty to thirty-five 
pounds. Pickets are made three feet long and sharp at 
pne end* Three pf these were deemed necessary, per 
fascine. Sap- faggots are bundles of strong branches 

placed viry 4 close together, strongly tied in two places; 
and then sawed to a length of about thirty inches. The 
diameter of a faggot is from eight to ten inches ; and a 
, picket or stake three feet loug is placed in the middle for 
the purpose of fixing it upright wherever it may be 
necessary, 'Jfrese faggots were used to close up the in- 
terval between two contiguous gabions; but sand-bags 
are now preferred for this purpose. The hurdler are 
woven on eight stakes, which form the skeleton. Their 
dimensions are usually six feet by thre$. Besides the 
aboYe»mentioued stores, a quantity of sand-bags are 
prepared beforehand by the engineer department, and 
are filled at the moment they are required for crowning 
the parapets* or for other purposes; All those stores are 
accumulated in one or more places conveniently situated 
wHh tetfpcct to the attacks, arid which arc called the 
depdts* The judicious choice of the spots to.be occu- 
py bjf thft artillery and engineer parks is by lio means 
li^Ulp^tant. They should he so situated as to permit 
easy communications, between them and the 
trenglgefti //They should be near water for the conve- 
nience of the cattle, anil as much as possible screened by 
ot -rising ground (Vom the fire of the. garrison, 
\ proceeding 4o describe the operations of the 

siege, we fthal! suppose them to be conducted against a 


place fortified jn Vauban's original manner ; and that Fortifier 
the front of attack consists merely of two bastion* and fipn. 
an intervening ravelin. This supposition is made for 
two reasons : 1st, because it is the simplest way by 
which a general idea of the manner of conducting siege* * 
can be conveyed ; and 2dly, because there are more fort- 
resses in existence constructed upon Vauban’s First 
System than upon any other outline. We shall likewise* 
in order to avoid intricacies altogether foreign to our. 
object, suppose the ground over winch the operations 
are curried on to be a level plain. These preliminaries, 
being settled, it will be proper, previously to breaking 
. ground, to stale what measures should be taken within 
a fortress, when threatened with a siege. 

If the siege of a place is one of the most importunt Precaution- 
operations in .war and requires the greatest possible ary duties 
talent in the Generals intrusted with its conduct, it may ofa Gove*- 
easi1y.be conceived that, to resist a well-conducted siege, nor * 
requires still greater ability, experience, and cool intre- 
pidity. Some imperfect idea of the duties involved in 
the defence of u place, may perhaps be formed from the 
following details. 

An officer who is sent to take the command of a fort- 
ress, is bound to make himself acquainted with every 
circunistupce essential to its tie fence. 1st, He reconnoi- 
tres personally all the ground over which an enemy 
may conduct his approaches ; and weighs tlie advan- 
tages and disadvantages of each spot, so that he may act 
accordingly at a fit moment, and profit by every favour- 
able opportunity of making sorties. 2dly, He carefully 
examines the advantages and defects of all the fortifica- 
tions, in order to turn the former to the best account, 
and remedy the latter as far as may be possible. 3dly, lie 
makes the needtaary requisitions for completing the gar- 
rison in stores of every description, aiul endeavours to 
have on adequate number of troops of the different 
arms, 4thly, He prepares a proper distribution of his 
artillery, and causes tables to be made of the distances 
of all tlie points about the place, bthly, From the mo- 
ment at which the fortress is declared to be in a state of 
siege, both his powers anil duties acquire new extent : 
the civil authorities are subordinate to him ; secret intel- 
ligence and espionage without ; a severe police within ; 
civil and military administrations, finances, the works of 
file defence, the service of the artillery, the distribution 
of the troops, the employment of the inhabitant*! in ex* 
tinguisliing conflagrations, and the means of repressing * 
popular commotions ; all these important cares are his. 

Tlie issue and expenditure of provisions and ammunition 
demand the strictest attention in order to prevent abuses 
arising from negligence or cupidity. And it is likewise 
important to keep the state of the provisions a profound 
secret previous to, and during the siege, for reasons too 
obvious to require mentioning. 

Meanwhile the parapets, banquettes, platforms of 
guns, &c. ore repaired ; eyery thing is done to facilitate 
communication with the outworks ; great quantities of 
fascines, gabions, aud sand-bags are made and laid in 
6tore. The i nundat ion v*v here ground ‘permits them, 
are also m^v formed. Telegraphs may be constructed, 
and .signals concerted. Every object within one thousand 
or one thousand two hundred yard* of the place, that 
coukl afford cover to the enemy, is levelled with the 
ground; and every possible difficulty is opposed to tlie, 
completion of tlie investment. Detachments of expert 
m&rkstnei! are stationed in ambuscade by day aud night, 
us fara$ six hundred yards from the pfeee, to cut oft' any 
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W&Mm* persons employed in reconnoitring. Whilst the be- 
•to®* siegers art encamping and marking their first disposi- 
tions, every attempt is made to penetrate their views ’ as 
to the front which they mean* to attack. Care is taken to 
watch. from the church steeples where they appear to be 
fixing their park of artillery : that once ascertained, the 
rest can be nearly guessed. From this moment a suffi- 
cient proportion of cannon is concentrated upon the 
front attacked ; and the service of the garrison is orga- 
nized : it is divided into three bodies, one of which re- 
poses, another remains in readiness to act, and the third 
is on immediate duty. The measures to. be taken by 
the Governor of a place might of themselves fill votaries : • 
but we have said as much as our limits justify ; and we 
will therefore proceed to the operations of the besiegers. , 

r CHAPTER III. 

Operations of a Siege, 

Attack. Every thing being in readiness for breaking* ground, a 
working party, re&ulated in respect of numbers according 
to the extent of the intended parallel and communica- 
tions, parades ut night-fall at the depot. These men 
arc provided with intrenching tools (spades and pick- 
axes) and fascines. They are marched to the ground, 
preceded by an armed force, called the covering party. 
When they have reached the spot where the engineers 
have previously marked out (with a white line) the place 
for the first parallel and the zigzags, or oblique trenches, 
communicating from it to the depot, they are extended 
along that line, at intervals from each other of six feet, 
which are marked out for them by the noncommissioned 
officers. Each workman then Iks down upon his belly, 
to be the less exposed to the fire of the garrison whilst 
waiting for orders to begin to dig. In the mean while 
tin? covering party, drawn up at a convenient distance in 
front of the parallel, aflei* detaching small parties nearer 
towards the place to give early intimation of sorties, is 
likewise ordered to lie down.. Every thing being thus 
arranged, the word is given to begin to work : upon 
which the men loosen the earth with the utmost possible 
expedition ; throwing it up on the side next the place ; 
and taking care to leave one toot of space between the 
edge of their excavation and the tracing line. Tiiis is 
to prevent the earth from crumbling into the trench, and 
the apace so left i» called the berm. * As soon as.* day 
begins to dawn, or sooner if the parallel be capable of 
affording cover, the covering party is withdrawn from it$: 
exposed situation into it. Should any light-balls be 
thrown from the town amidst the workmen, they will ' 
endeavour as soon as possible to extinguish them, either, 
by shovelling earth upon them, or covering them with 
tubs made from commissariat casks sawed in two, a few 
of which ought to be kept In the depdt rtady for the 
purpose. For a general idea of the dimensions and 
appearance of parallels, and zig-zags of communication, 
we refer the reader to fig. 3 and 4. pL ili. # which repre- 
sent profiles of such works. 

Defence. Meanwhile a gopd look out from the fortress is kept 
throughout the day to’ ascertain where the enemy pro-, 
poses breaking ground ; and as soon to night sets in, 
light-balls are thrown ia every direction to & distance of 
six hundred yards from the place. From the moment 
tlie enemy’s design ik discovered, the heaviest possible 
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fire is made upon his workmen from the cannon of the Ferflfiea. 

S lace; This may perhaps scare more thai^do ham* 
ut it will not fail to intimidate the workfifen ; and a ' 

sortie performed rapidly ami cleverly by a few dragoons, 
will, together with the darkness of the night, which mag- 
nifies danger, tend to create confusion and delay the 
progress of the work. There being no longer any douht 
as to the front which the enemy has chosen, the works * 
of the defence will forthwith commence accordingly. 

Traverses will be placed along die Urrepleins of the 
faces, and parados— -or covers from reverse fires — on the 
flanks. Interior retrenchments (if none permanently 
exist) will be commenced in the bastions and ravelin. 
Titmhoura Will be made in the re-entering places of 
arms of the covert- way, and a double palisade on the 
latter extending along the whole front of attack. If 
these two last measures be properly taken, it Will be out 
of the enemy’s power to possess himself of the covert- 
way otherwise than by the regular sap; as no hope will 
remain 6f his succeeding in attempting it by storm. If 
the ravelin be a full one, that is, if its terreplein be on 
a level with that of the rampart, the retrenchment made in 
it may be in the form of a small ravelin with flanks. But 
if it be a hollow one, no other retrenchment can be made 
than a strong tambour of carpentry, with loop-holes in 
it, covering the communication or retreat in rear. The 
retrenchments in the bastions, if the latter are full, (and 
if they arc not* it is needless to thiuk of retrenching 
them,) may be made in the. form of a teimille; or. If 
•there is room, in. the form of a small front of fortification 
extending from shoulder to shoulder, or rather from 
points on the faces token at a lew yards from the shoul- 
ders. These retrenchments are made of earth, revetted 
with s&ucis&ons, and armed with palisades and fraises. 
Field-pieces and howitzers are brought into the project- 
ing parts of the covert-way to ricocheter the besieger’s 
works. Mortars are placed at the gorges of the bastions, 
along the curtain and' in the ravelins. They may even 
be placed with advantage in the ditch, when it is a dry . 
one. ■ ‘ 

The oblique communications .towards the place now Attack, 
commence,; and art driven forward from the first parallel 
to the. intended site of the second. The prolongations of 
the faces of the works and brandies of the covert-way 
are marked Oil the first parallel, in order to determine 
the situations of the ricochet batteries : these batteries, 

.and th^ particular faces of the bastions and javelins 
which are enfiladed *by* their fire, may be seen in fig. ft, 

Ttie time occupied m their construction isr generally irom 
forty to fifty hours. Tvro of three large mortars ore 
placed' in each fof these batteries, to throw KheUs into the 
works ; by means of which the besieged is kept in con- 
1 tinual alarm, and con nowhere find safe cover; It 
must not be supposed (hat there is any absolute neces- 
sity for fixing the ricochet batteries exactly in the first 
parallel : they may tie planted hi any convenient situa- 
tion upon the prolongations of (he works ; and it will 
be attended with no great disadvantage if that situation 
be not bo near the place as the first parallel; At (lie 
sieges of Ypres, Fribourg, Mons, Namur, Maestricjit, 
and Gibraltar, they were pf necessity constructed at one 
thousand or , one thousand two hundred yards from the 
works of the place;" and they produced, notwithstanding, 
a very good effect. Recent experiments have, however, 
shown ihut the shot from such batteries are most effica- 
cious when the distance of the latter from the work to 
be enfiladed does not Exceed four hundred yards. 
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Fortifies* Light-balls are thrown out from the fortress to enable 
tfoa. the gunnerkto see and fire upon the ricochet batteries 
.whilst constructing ; and it may be expedient, in order 

Defence, ^ retard their completion, to batter one dr two of them 
at< a time with a good number of cannon, as, for the 
treason to be presently given, the besiegers prefer delay- 
ing to unmask their batteries until they are all finished 
and ready to open their fire. If the enemy's guard in 
the trenches does not appear to be very strong, a grand 
sortie may be tried, ff the case be otherwise, small 
ones may answer the purpose by frightening away the 
wdrkroep occasionally, and thus causing their operations 
. to be suspended. 

Altai*. • The ricochet batteries are finished and unmasked ; ’ 
and the line of aim, the charge, and the elevation of each 
gun are regulated with such a nicety, that they shall be 
able to fire by night as well as by day. The unmashing 
of all the batteries is done at one moment; in order that * 
no particular one should draw upon it an undue propor- 
tion of the fire of the garrison, whereby it would soon be 
utterly destroyed. The communications to the second 
parallel are continued ; but the nearer the place is ap- 
proached, the greater is (he vigilance which should be 
exercised to anticipate the sorties of the garrison. 

Defence. The utmost diligence is now observed in forwarding 
the works of the defence. The same fire of cannon and 
mortars is kept up as in the preceding days. The capi- 
tals continue to be ricoclietted and sorties are undertaken 
at appropriate moments.' 

Attack. The ellect of the ricochet batteries is already visible 
from the diminution of the fire of the place; so that the 
•second parallel may be undertaken at three hundred 
yards fiom the crest of -the covert-way. The second 
parallel is to be executed by night, under the protection 
of troops stationed in short trenches; which are driven 
out from the angles of the zig-zags, towards the right 
or left hand, as the case may be and a* the distance 
from the place is .now so much reduced that the fire of 
. musketry and grape may here be fully felt, it is deemed 
necessary to use gubiqns for the construction of this 
parallel, in lieu of fascines : winch gives to the profile of 
tlxtt trench, when finished, the appearance exhibited in 
fig, 3. The operation of digging the trench behind a 
rqw of gabions placed openjy on the ground is called 
the flying sap. Some engineers recommend the con- 
structing ofa redoubt at each cridof the , parallel, as a 
more effectual prevention against being turned by sor- 
ties; but it is jitter to unite the extremities of the two 
parallels by a trchch well defiladed from the plaee,, us 
shown on the left-hand side of fig. 2. 

Defence. . The construction of the second parallel is disputed by 
every possible means, and the most vivid fire of all arms, 
is directed upon it. Small sorties are made during the 
nifehl; and towards morning, when the guard of the. 
trenches and the working party are much exhausted 
wri(h fatigue,, a grand sortie of fresh troops is poured put 
^ opon thern.y The firing at daybreak is continued as 
usual - x 

^.The jje^pd parallel is . at length finished in spite pf 
pppa^ipnr. VTbe communications forwards arc com- 
. inencci, New zig-zags are marked out and executed to 
.. within one hundred and twenty, or one hundred and fifty, 

] yards ot( -the ‘covert-way. At this distance ;it is found 
Peces6ary to give additional support to the works of 
approach ; ail'd half parallels a?e made for the purpose. 
Batteries are made at the extremities of these demi-pa- 
ralfels, for containing howitzers wherewith to dismount 
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the artillery of the flanks, sweep the branches of the Fortifica- 
covert- way, and destroy itd palisades. The precaut ions t 
taken for repelling the sorties will depend upon the 
energy exhibited by the # garrison at this period ; but it 
will be well always to kqep on each flank of the trenches, 
and covered by a breastwork of sufficient height, a body 
of cavalry* ready to cut off the retreat of the enemy, „ 
should his zeal lead him far enough in attacking the 
trenches. 

In the defence, the same line of conduct is followed as Defence, 
before, counteracting as much as possible every thing 
done by the besieger. The means of resistance are 
diligently improved. The damaged parapets .are re- 
paired ; as are likewise the traverses, palisades, bridges, 
ramps, &c. that may have received injury from shot or 
shells. 

The batteries in the demi-parallels arc finished, and Attack, 
their fire is opened. Zig-zags are pushed forward 
along the capitals. These zig-zags now necessarily 
become shorter, more frequent, and more oblique, in 
order to adhere to the condition of avoiding the enfilade 
fire of the place. The flying sap is no longer practi- 
cable; it being impossible, under so clo*c a fire from 
the covert-wuy and ramparts, to place tfie gabions in the 
uncovered manner hitherto done. A slower but safer 
expedient is how adopted, called the full or single sap. 

Its execution, according to the latest practice, is as fol- 
lows. The sappers einplojed arc told oil* in brigades of 
four ; and these arc numbered first, second, third, and 
fourth. The first sapper rolls before him a large gabion 
stuffed full of fascines, to cover him whilst he places a 
gabion in the line of the intended trench, und fills it by 
excavating a portion eighteen inches in width und us 
much in depth. The second sapper, who follows him, 
widens the trench to three feet two inches without in- 
creasing the depth, and continues filling the gabions. 

The third sapper increases the depth of the trench to 
three feet, on a breadth of twenty inches, under the part 
excuvated by the second tapper ; so that there is left a - 
step eighteen inches in breadth and ire much in height 
on the side of the trench which is next to the line of 
gabions. The fourth sapper only increase* Ihe breadth 
of ihe trench by ton inches, but he digs to the depth of 
three feet from the ground : thus tlie work of the four 
men is nearly equal; and cover is more speedily obtained 
than bv. the former method of executing this species of 
sap. .When the gabions are full, sauejssons are fastened 
on the top of them to render the work more solid ; and 
the trench is then carried to the necessary breadth by 
the ordinary working parties of the line. The Work of 
the Bap is of so dangerous a nature, that the sappers are 
frequently relieved ; and their exertions are, moreover, 
stimulated by & pecuniary recompense, which is increased 
in proportion as the danger becomes greater. The ave- 
rage quantity’of this kind of work which can be executed 
per diem of twenty-four hours is one hundred and sixty 
yards in length. When the zig-zags have reached the 
foot of the glacis, a sap is driven to the right and another 
to the left ; and this being done at the head of each zig- 
zag, the junction of these saps and the extension of the 
outside ones, as far .as to embrace the whole front, will 
cbniplete.^the third parallel. 

\ .This is the most favourable moment for making vigor- Defence. 
oti$ sorties, by issuing suddenly from all the branches 
pf \he covert- Way; to facilitate which, ladders may be 
placed along the covert-way to enable the troops to pass 
over the parapet. Every expedient, which the most 
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r^itifica- inti'll Igent genius nnd intrepid spirit can devise, must be 
tion. fried (o delay the junction of the saps which are to com- 
pletc the third parallel : for, from the moment that this 
is effected, all attempts at sorties from any part of the 
front attacked will be hopeless. A heavy fire of grape 
is directed npon the heads of the sap. 

Attack, As soon as the third parallel is completed, batteries 
are commenced in it for howitzers, great mortars, and 
those for throwing stones or one pound balls, wherewith 
to drive the enemy from the places of arms in the covert- 
way. By this means all the fire of the place that would 
obstruct the crowning of the covert- way will be subdued. 
The batteries in the first parallel may now cease firing, 
being replaced by those last mentioned. When circum- 
stances render it expedient to storm the covert-way, 
steps arc made in the third parallel on each side of the 
capitals of the bastion or ravelin attacked, that the troops 
may be enabled, with greater facility, to "pass over the 
breastwork of the parallel when lushing to the assault, 
These steps occupy a sufficient length for a company to 
go over in line. The cases are rare where such a inode 
of attack is justifiable. The loss which always attends 
it is incredible. In the attack which we have supposed, 
it could not be undertaken with the least prospect of 
success, if the ?overt-\vay lias been provided with a 
double palisade. The alternative, therefore, which re- 
mains, is the attack of the covert- way by a continuation 
of the former process. From the third parallel, at thirty 
yards from each side of the capitals, curvilinear saps are 
driven forward in such a maimer that when they join, 
they shall form ail urc towards the place about sixteen 

Sue fig. 2. yards beyond the third parallel, From the centre of this 
circular portion, n double sap is driven straight along 
the capital to within about, thirty-six yards of the crest of 
the covert- way. This double sap now branches ufF into 
two single ones, to the right and left, for the formation 
nf what are. termed trench-cavaliers,* or excavations 
having very elevated parapets, with a view of obtaining 
si commanding fire of musketry into the covert-way, 
nnd driving from it any troops who might dispute its 
crowning. The reason why this distance is chosen for 
the trench-cavaliers is, that they may be constructed 
beyond the range of lmnd-grenades, which can generally 
be thrown to about twenty-six yards. The defenders of 
the covert-way being thus driven from the space com- 
prised between the two foremost traverses, the besiegers 
hasten to sap up to the salient angle, and then extend their 
lodgement to tile right and left along the whole crest of 
the covert-way, which the enemy will be obliged to 
abandon in proportion as the sap advances. The batte- 
ries destined to extinguish any remaining fire in the 
defences are now commenced at the salient angles of 

See fig 2. the covert-way ; these are called counter-batteries. The 
breaching batteries are likewise undertaken, as is also 
the descent into the ditch. 

Defence. The heaviest possible fire of every kind is kept up 
upon the heads of saps, and particularly upon the 
trencli^cavaliers whilst constructing. A few oblique 
embrasures may advantageously be opened in the cur- 
tain for this purpose, the effect of which will he greater, 
owing to the difficulty of ricochetliug the guns placed 
there. Barrels of inflamed combustibles may also he 
Tolled down the glacis npon the heads of saps. When 


Fortifica- 

tion 

V 


by the crowning of Ihe cm>rt-wnv. the latter is 
cloned, care is taken to destroy the traverses in it' 
they may not afford cover to the enemy ; and this i„a V bc 
done by minding some small duups previously 
lodged in them for the purpose. The enemy’s descent 
into the ditch is anticipated ; and oblique embrasures are 
made at the extremity of the curtain u> pour a (ire into 
the opening, which he is about to make into the ditch 
through the counterscarp wall. 

A» soon as the batteries on the crest of the glacis are Attarlr 
ready, they begin their work of counter-battering UIU | 
breaching. Expert marksmen are placed all along the 
lodgement, to pick off the enemy’s gunners, or .-my* one 
in fact whose head is seen above the parapets or through 
the embrasures. The descent and opening into the. 
ditch is completed ; an 4 & sap is made across the latter* 

(if it be dry) to the foot or the breach. If the ditch is 
wet, a bridge is made across it by an accumulation of 
fascines. Now, if the works within were known not to 


be retrenched, the assault might forthwith be given, 
should the garrison, upon being suinimined, refuse to 
capitulate; but as tin* besieged is supposed to have 
retrenched himself, the sap must be continued up the 
breach, when the latter has been made quite practicable. 

Meanwhile the sap across the ditch is heavily hat- Defence, 
tered by the besieged. Dispositions are made for an 
obstinate defence of the breaches, by lining their tops 
with abattis strongly linked, or by clicvnux do frise of 
sword-blades kept in readiness to lie linked together the 
moment the enemy ceases to fire upon the breach. This 
was executed by the French at Badajos,* with a success 
that will be long remembered. Loaded shells are kept 
ready to roll down upon the assailants, as well as barrels 
of combustibles. A large fire may be lighted on the 
breach, and kept up by a continual supply of fascines 
steeped iu pitch or grease. The foremost troops des- 
tined to receive the shock of (he assailants, are provided 
besides their ordinary arms with all possible weapons of 
resistance ; and when obliged to cede to ihe overpower- 
ing torrent of fresh assailants, they effect a retreat iu 
good order to their retrenchments ; behind which they 
renew the defence. 

If the ravelin is only retrenched by a tambour at the Attack, 
gorge, the assault may be given at all three breaches 
simultaneously. As soon a* the storming party have 
cleared the top of the breach, sappers arc brought for- 
ward to make a lodgement on it with gabions, which 
has been fancifully called the magpie’s nest. Howitzers 
are then brought into this lodgement to answer the fire 
of the retrenchment ; upon which likewise a heavy fire 
of shells is directed from the butteries on the crest of the 
glacis. The interior of the bastion is crossed by the sap 
in the usual manner ; the counterscarp of the retrench- 
ment is crowned with batteries by which the parapet is 
tube destroyed ; ami, this being effected, the assault is 
given. 

Such are the usual operations in the attack of an 
ordinary fortress ; and such likewise is the defence when 
a proper resistance is made. The hope of protracting 
the latter beyond this period must depend almost en- 
tirely upon the feeling and spirit of the inhabitants. 

The siege of Suragossat in the Peninsular War presented 
a memorable example of a defence continued, from street 


* A hint for raising these works was taken from the practice to 
Vfhich the Turks, at the siege of Candia, were obliged to rfewort to 

S ain a plunging fire into the bastion of 8. Andrt, the fire of which 
icy, until then, had been unable to get under. 

VOL. Vl> 


* On (he night of the Clh of April, 1812. 
t Ret. firs Sit'jrs tie Sunuj'JiK tt tie Tortote, by General Uwon 
Kogniat, Paris, Id 11. 
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Id street, for twenty-three clays after the whole of the works 
of the place had l teen penetrated. Hut such instances of 
patriotism are so rare, that they are rather to he admired 
than anticipated. The siege which we have 1 hmmi sup- 
posing*, would occupy upon a fair calculation nine- 
teen or twenty days, from the first day of breaking 
ground. 

When a place is fortified with very salient outworks, 
it becomes convenient to direct the central line of ap- 
proach on the capital of a bastion, and the others on 
those of the two collateral ravelins, for the reasons 
which have been formerly given. The process of the 
attack will, however, be the same’ as that above de- 
scribed, so far as the completion of the third parallel : 
but the sapping must afterwards be conducted only up 
the glacis of each ravelin u hereout the salient angle of 
its crest, counter-batteries are formed as before; the 
approaches on the glacis of the intermediate bastion 
ben suspended on account of the reverse fires from 
the ravelin on each side. Before the construction of thu 
breaching batteries on the glacis of the ravelin, it may 
be necessary to execute a portion of a font I h parallel in 
the direction of a lino joining the extremity of the 
counter-battery on each ravelin, and extending about 
midway from thence to the salients of the bastion : in 
order to afford cover for bodies of troops, who may keep 
dim ii the fire from the works, and protect the sappers 
in forming the breaching batteries which are to act 
against the ravelins. These latter works being breached, 
may be assaulted, and a lodgement may be formed 
about half way up each of the breaches, where it will 
not be exposed to the fire of the redoubt in the ravelin. 
A trench is next driven by full sap from the lodgement to 
the counterscarp of the redoubt ; and, turning to the 
rhrlit and left, the sappers extend this trench to about 
file middle of the face of each ravelin. In this exca- 
vation, it space permits, artillery may be placed to breach 
the redoubt: but should the narrowness of the ravelin 
prevent the formation of such a battery, either a portion 
of the mass of the ravelin must be destroyed by a mine, 
mid the redoubt breached, through the opening thus 
made, bv a battery purposely constructed on the glacis ; 
or a miner may be attached to the escarp of the redoubt, 
where, under cover of timbers placed on cud and lean- 
ing against the wall, he may make an entrance and 
place powder in chambers formed under the capital of 
the work. This being fired, a breach will be made in 
the icdoubl,by which an assault may be given. Should 
it succeed, the interior of the work will be occupied by a 
lodgement of the besiegers ; from which a fire of artillery 
inay be directed both against the opposite curtain, and 
against those flanks of the collateral bastions which 
have, a view of the intended descent into the main ditch. 
Since this redoubt commands the ravelin in which it is 
placed, the defenders will be obliged to abaudou any 
retrenchments which they may have made in the latter; 
and, subsequently, the redoubts in the re-entering places 
of arms, which are also commanded by the ravelins. The 
outworks being now in possession of the besiegers, and 
there being consequently no reverse fires to annoy them, 
the approaches ou the intermediate bastion may be com- 
menced by sapping up its glacis, and crowning it with 
breaching and counter-batteries as before ; but under 
the protection of the troops in the fourth parallel, which 
is completed for the purpose by driving a portion from 
the extremities of the counter-batteries to join the pait 
already executed. A pluce thus fortified may reasonably 


be expected to hold out seven days longer than one con- Fortifiea- 
structed on Vauban’s First System. v 


CHAPTER IV. 

Subterranean Attack and Defence . 

In the preceding detail of the ordinary processes of M.magt*- 
a siege, we have purposely omitted all reference to the '^ut uml 
use of mines either by the assailants or the garrison : l 0< > ' 

because, as such works cannot in every case be cm- 
ployed; and as they form rather occasional aids than mini .„. 
component and indispensable paits of the hostile opera- 
tions; it has seemed useless to intemipt the general 
narrative of the attack and defence above ground, and 
to distract the attention of the reader, by intermingling 
with the main subject any unconnected notices of sub- 
terranean warfare. Moreover, this method of assail - 
ment constitutes so distinct, a branch of the Art of Sieges, 
as well to deserve a separate consideration ; and l lie 
present appealing the most appropriate pi. ice wherein to 
introduce also some explanation relative to the manage- 
ment and e fleets of the system of defensive mines, ol 
which we have, in a former Part, abeady described the 
nature and construction; we shall devote the Fhaptcr 
before us exclusively to a brief sketch of the subterranean 
operations, to which both the assailants and defenders 
ol a fortiess may have recourse in order to accelerate or 
retard its capture. Aiul here it may at the outset be 
observed, that the success of cither party will greatly 
depend upon the latitude given by the other to his 
e Hurts, either through impotence of means, or want of 
equal address and intelligence. 

If a fortress has been befoicliand provided with such Defence, 
a regular system of countermines as we have already 
described, the advantage of preparation for a subterra- 
neous conflict should, with proper energy, lie wholly on 
the side of the besieged. As soon as his enemy, by 
breaking ground, has indicated the front of attack, he 
should drive forward branches to meet him from the ends 
of the listening galleries even so far as the points at which 
the de mi-parallels are made, with a view of commencing 
the work of destruction as far off from the place as possible. 

It is likewise recommended to sink shafts at the ends of 
the listening galleries, from the bottoms of which other 
galleries may be driven towards one another so as to 
form by their junction a second envelope, which may in- 
tersect the line of the besieger’s approaches in whatever 
way it may be directed. For. then, on hearing him at 
work, cither from this new envelope, or from, the ends 
of the above-mentioned branches which have been driven 
forward, he may soon be reached, and smothered by a 
small charge bulfieieut to blow in the wall of the gallery 
behind him, yet not great enough to produce a crater. 

For it is obviously disadvantageous to the besieged that 
his mines sunuld produce auy craters if he can possibly 
manage otherwise; bilice they become so many places 
of cover where the enemy cun immediately make lodge- 
ments. But if a crater is inevitable, it should be inude 
of the largest possible size, as, by reason of its shal- 
lowness in proportion to its width, it can lie more 
readily seen into from the place, and consequently will 
afford less cover. The besieged having his work all ready 
need do no more than listen attentively ; hearing with- 
out being heard ; announcing himself only by effects 
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as prompt as destructive ; and rendering it as difficult 
to escape from, as to reach him. 

Let it now be supposed that the besieger lias begun 
by sinking shafts behind the parapet of his parallel, at 
forty yards from the ends of the branches of the be- 
sieged ; and that, in order to avoid destroying his 
own works upon the surface, he intends advancing 
twenty-six. or twenty-seven yards before he charges his 
globe of compression. Then since miners, as already 
explained, can he heard at work as far off as thirty 
yards, it is evident that the besieger, as soon as he 
shall have driven about ten yards of gallery, must ex- 
cavate the remaining sixteen or seventeen in the hearing 
of his enemy. From the moment the latter has heard 
him, lie drives forward without loss of time, in a parallel 
direction, a branch sixteen or seventeen yards long, 
which will of course extend beyond that of the besieger 
by two or three yards : so that the latter may be imme- 
diately taken in reverse, and smothered by a charge 
calculated to destroy a good portion of his gallery. 
Here it may be seen that the besieged ran, if he takes 
eare.be always beforehand with the besieger, the nature 
of whose work js calculated to occupy much more time 
than that of his enemy ; for lie has to excavate a large 
chamber, lodge a great quantity of powder, (transported 
thither by night for greater security from accident,) and 
tamp a great length of branch. Now the best tiling 
which the besieger can do, in this case, from the moment 
that he may have reason to apprehend that the besieged 
has got into his rear, is to stop f-hnrt immediately and 
cliuigehi* globe of compression r iho springing of which, 
although perhaps rather premature, nmy nevertheless 
crush the besieged in his new woiks as well as blow ill 
his galleries of earlier cum! met ion. The miner of the 
besieger, however, may avoid by a timely retreat the de- 
struction preparing for him* as he ran easily distinguish 
thal his enemy is tamping and not driving, by the dif- 
ference of sound, which in the former ease recedes, and 
in t!ie latter draws nearer. 

The disadvantages which may result to the besieger 
from thus prematurely springing his first globes of com- 
pression arc as follows : 1st, The too great proximity of 
his own trenches on the surface may entail their destruc- 
tion. 2d!y, By his not being peihnp.s sufficiently near 
the ends of the branches of the besieged, neither the 
latter nor the envelope will be much damaged. 3d!y, 
Ue will not ha\o made the desired degree of progress. 
Immediately aflcr the springing of the first globes of 
compression, the besieged will go to the ends of those 
paits of the branches which may have escaped destruc- 
tion, and drive forward in order to lodge charges under 
the borders of the craters. This will easily be done, as 
the springing of the globe of compression will have 
produced no bad smell in the broken galleries; and 
lie will have the start of the besieger, who has to make 
a lodgement on I he borders of the crater before he can 
even commence sinking his shaft. This lodgement may 
therefore be repeatedly destroyed by the besieged, if the 
sinking of the shaft be made on the border of the 
crater; and the shaft may as often be choked up by the 
enrih being blown into it, if it should be sunk from the 
bottom of the funnel The besieger will have lo sur- 
mount this difficulty after the springing of each of his 
series of globes, in advancing towards the place. Hence 
it may be conceived what labour, danger, aud loss a 
well-countermined glacis must occasion to the be- 
siegers ; and the advantage in favour of the besieged 


is probably not overrated in n computation that the Fortifica- 
delays resulting from all the chicaneries of a welUmanan-ed tiou. 
subterraneous defence are capable of adding two mouths v — 
to the duration of a siege. Such is the estimate of 
Bousmard, who supports his opinion by citing tlm ex- 
ample of the siege of Schweidnity. by the PruNsnuis in 
17 t>*2; and to this may here be added the more memo- 
rable siege of Saragossa, in the last Peninsular War. 
the long defence of which, even after the fall of ihe Ibr- 
tifications themselves, was chietly owing to tin* multi- 
tude of mines sprung in the very streets. 

Besides the regular systems of mines described in System nf 
the foregoing pages, there is n more expeditious method 
of employing the same kind of means in the defence, 
although upon a diminutive scale. And this is by a 
system of fougasses, which can be made even when the 
time is too short to allow’ of establishing galleries. It 
consists in burying under the parts of the surface w hich 
are most likely to be attacked, well calked and tarred 
boxes or even barrels full of powder; and laying in :& 
trench, which is afterwards filled up, the troughs destined 
to convey the fire to the charges, either all at once or 
successively. The troughs extend even to within the See fig. 21/ 
works, in order to facilitate the springing of these pl lltcv - 
expeditiously constructed mines; to ensure the success 
of which, the following precautions ought to be taken. 

1st, If I lie hole in which the powder is to be lodged is 
at all damp, it will be well to make it still deeper, and 
then fill up the bottom to the required height with loose 
stones. This will enable the water, if there be any, to 
filter down to the bottom. 2dly, 'Die troughs must be 
laid at a depth of six feet, at least, underneath the 
surface, to pi event their being disarranged by tile fall 
of shells; aud if more than one trough is to be Jaid in 
Ihe same trench, they must Ik? separated by at least a 
fiiot of well-trodden earth, so that the first which may 
be fired may not shake or disarrange the other. 3dlv, 

Care must be taken in refilling the shatts* and trendies 
to plough up the whole of the surface equally, so that 
nothing shall indicate to the enemy the situation of the 
trenches and charges. 4thly, The ends of the troughs 
and hose must reach to such places within the works as 
shall secure them from sudden attacks, and enable them 
to hr sprung with the utmost coolness at the most 
favourable moments. It will not suffice for the security 
of these mines that their troughs terminate behind the 
banquette of the covert-way : they must be carried 
through the counterscarp to be fired at the bottom of the 
ditch. Otherwise the enemy, by assaulting the covert- 
wav, might discover and tear up all these troughs, and 
utterly prevent their being employed against him, when 
he establishes his lodgement on the crest of the glacis. 

The boxes should he placed so as to destroy the double 
saps along the capital, the trench^cavaliers, the crown- 
ing or lodgement on the crest of the glacis, and the 
breaching batteries. They may likewise advantageously 
be sunken in dry ditches, both of the outworks and 
hotly of the place, at spots at which it is most likely 
that breaches may be made. Their troughs must be 
conducted to the gorges of the outworks or !>chind the 
tenaillo, or wherever they may be fired with security. 

Those likewise which may be employed for die defence 
of tlie breach, or are placed in the terrepleins of the 
works, must have the ends of their troughs within the 
redoubts or retrenchments. Each trough must be marked 

In the urcsent case these are usually called wells. 
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with the number that distinguishes the box to which it 
communicates ; anil the exact place of the lalter is cor- 
rectly laid down on a plan of the works, so that the 
springing may be regulated as occasion shall dictate. 

Fougasses sire likewise an excellent means of demo- 
lishing any fl£che, redoubt, retrenchment, traverse, or 
any other temporary work which having, until its cap- 
ture, been of service to the defenders, has then ceased to 
be so, and inay even be of advantage to the enemy into 
whose hands it has fallen. The facility and economy ot 
a system of fougasses, and the similarity of e Heels pro- 
duced by them with those ot regular mines, might, at 
first sight, induce a preference to he given to them. But 
it must he remembered that though such means may be 
successful against an enemy unable to employ mines him- 
self, they are altogether insufficient and even null 
against a besieger who has it in his power to do so. For 


ceasing to advance upoil the surface, beyond the in- Ford flea- 
flue uce of the fougasses, he may drive galleries as far as don. 
he pleases ; and not only blow in the counterscarp but ■“v - "**- 
at the same time tear up the troughs without giving an 
opportunity of disputing one inch of ground by their 
means. It must not, however, be concluded from this 
that the employment of these boxes of powder should 
be proscribed in the defence of places : they may, on the 
contrary, often be appropriately used, conjointly with 
regular mines. And if judiciously managed, this mix- 
ture may lead the besieger into a serious error, by 
making him mistake their explosion for that of the regu- 
lar mines, and either induce him to take precautions en- 
tailing useless labour, loss of time and powder, or lull 
him into a security which may alford the defenders 
opportunities to put in execution more powerful means of 
destruction. 


PART V. 

FIKLD FORTIFICATION. 


CHAPTER I. 

General Principles of this Branch of the Art . 

Under the term of Field Fortification, in contradistinc- 
tion from the Art of constructing, defending, and assail- 
ing Permanent Fortresses, is usually comprehended the 
whole business of disposing and preparing Mich- tem- 
porary works, ami improving such natural advantages 
of the ground, as may assist and support the operations 
of an army in the field, and enable it partially to impede, 
or totally to prevent, the advance of an enemy, though 
in superior force. In Field Fortification, therefore, every 
expedient is good, which effectually conduces to arrest or 
Tetard the progress of an adversary. In this, perhaps, 
more than in any other branch of the profession, is the 
engineer enabled to display his intelligence : here few 
restrictions- shackle his inventive genius ; the opportu- 
nities of displaying it are frequent; and the materials 
are commonly abundant. Not so in Permanent Fortifi- 
cation : where the rarity of the occasions which present 
themselves for the formation of new works discourages 
that devotion to the subject which is necessary to the 
attainment of excellence ; and where the vast expense 
of the constructions operates os a serious check to the 
adoption of even the most meritorious suggestions. 

It would be an endless undertaking to enumerate the 
multitude of objects, which may be classed under this 
division of the Military Art, With regard to works thrown 
up in a plain open country', certaiu principles and cer- 
tain rules deduced from experience may be laid down ; 
but for the greater part the intelligence of the individual 
must be fois sole guide in the judicious application and 
use of the means and materials which circumstances may 
place at his disposal. Barren, indeed, must be that 
country which offers none to second a discerning officer 
in the task allotted him. A farm-house, a mill, or a 
Churcli surrounded by walls, may with very little expense 
foe converted into an excellent military post, by loop- 
holing the walls, barricading the entrances, or erecting 
traverses or portions of parapets in those places which 


offer a good flanking fire ; or, in a word, by turning to ac- 
count every means of resistance which may present itself. 

With regard to those I -held- works for which, as we have 
said, certain rules may l»e observed, it will be sufficient 
briefly to show that, although in magnitude and import- 
ance they :u nleiior to the works which constitute per- 
manent fortifications, nevertheless the general rules 
which govern the construction of the latter are in a 
great measure, applicable to the former. In the first 
place, the immediate object of both is equally to pro- 
cure cover from the assailant’s fire, and to place between 
him and the defender an obstacle which he must over- 
come. These ends are obtained by excavating a ditch, 
and throwing up the earth to form a parapet or covering 
mass. The impossibility of carrying about with an 
army any implements of construction beyond the mere 
pickaxe and spade, naturally imposes limits to the mag 
nitude of the works ; and therefore the maximum of 
height that it is found possible with these simple means * 
to give to the crest of the covering mass is twelve feet. 

And the same dimensions, twelve feel, must be con- 
sidered i lie maximum for the depth of the ditch; this 
being the greatest depth from which a man can throw* 
up the earth to those who are employed above in giving 
to the mass its requisite shape. 

The reader will find represented in fig. 1, plate v. a Plate v. fig. 
portion of the parapet and ditch of a Field-work of the 1. 
most common profile : that is with a mere command 
of seven fe»t aud a half; and we proceed to give the 
nomenclature of its various parts, together with their 
uses, in order that the contents of the following pages 
may the more r * adily be comprehended. A B is the 
height of Uk» jiarnpc l : a dimension which will depend 
upon the nature of the surrounding country ; as it is 
necessary that the interior of the work should be entirely 
covered from the view of the enemy. B C is the thick- 
ness of the parapet ; and this must be regulated accord- 
ing to the nature of the attack to which the work may be 
liable: for instance, if only exposed, by its situation, to 
an infantry attack, three feel will suffice ; if the enemy 
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Fortitlca. can bring artillery against it, but have only six-pounders 
fiua. in his Field train, the thickness of the parapets may be 
safely restricted to six feet; if nine-pounders to nine 
fret ; and if twelve-pounders to twelve feet. For experi- 
ments have shown that at a short range a musket- 
ball will penetrate into well-beaten ordinary soil about 
eleven inches; a six-pound shot, four feet; a nine- 
pound shot, six feet ; and a twelve-pound shot, ten feet. 
Wc have not hero reckoned upon a greater caliber than 
twelve-pounders, because eighteen-pounders and twenty- 
four-pounders are never used in the Field ; although the 
former have very lately been considered a part of our 
Field train. The height of the ordinary race of men 
being considered as constant, the distance of the banquette 
a b below the crest A is made equal to four feet or four 
feet and a half, to enable the troops to lire conveniently 
over the parapet. The base of the slope of the ban- 
quette is generally made equal to twice its height a c; 
and its breadth ( a b) is usually three feet. A level space 
II Ij, of about eighteen inches in breadth, called a 
berm, is left between the foot of the exterior slope of the 
parapet and the escarp of the ditch, for the purposes 
mentioned below. 

The superior “slope A T of the parapet is directed so 
that the enemy may be discovered from head to foot when 
upon the edge E of the counterscarp : this slope must 
be considered as an evil in one respect, for it is evident 
that, if the upper surface were horizontal, the parapet 
would be much stronger. To preserve therefore to the 
crest A an adequate strength, the maximum depression 
of this slope is fixed at one-sixth of its breadth; and this 
limits in some measure the height of (he parapet/ The 
interior slope A h is also an unvarying quantity: its 
horizontal breadth is made equal to one foot and a half 
lo giu* it a strictly sufficient solidity, and at the same 
time lo enable the troops to approach the parapet conve- 
niently when firing. The exterior slope I II varies with 
tiu* nature of the soil; but in ordinary eases it forms 
ail angle of about 4 witli the horizon. I is called 
the exterior crest of the parapet ; A the inner crest 
or covering line. The berm U L ought not/to be made 
wider than one foot and a half, lest it should oiler too 
great a facility to the escalade ; it might therefore appear 
advisable to dispense with it altogether, but it is too 
useful in the construction of the parapet to allow of 
being suppressed. Moreover it prevents the rolling 
down of the earth; removes to a greater distance the 
pressure of the covering* mass; and thereby contributes 
to the solidity of the work. This berm, usually con- 
structed upon the natural level of the soil, ought, in 
every case, to be at least six feet lower than the interior 
crest to preveut the enemy from seeing into the work when 
he may have reached the berm. The slopes both of the 
escarp L N and counterscarp M O must vary with the 
soil, with the means employed to support them, and with 
the iutended duration of the work. The breadth and depth 
of the ditch will vary according to the thickness and 
height of the covering mass. When a covering mass is 
thrown up without cither banquette or superior slope, it 
is called an vpaulcmcnt . 

The reader being thus acquainted with the nature of 
covering* usually obtained in Field-works, we may pro- 
ceed, first, todesmbe tbe plun or outline of such works ; 
next, to touch upon the details of construction ; and, 
ultimately, to point out the means whereby defences of a 
temporary nature may be strengthened or rendered more 
difficult of capture. 


CHAPTER If. Fortified* 

Single Field-works. tl0,> ‘ 

Of all the works which an engiueer may be called T' 1 ' 
upon to construct during a campaign, the most ineon- Stf0 
siderable. is the redun . This work is open in rear; and 
is therefore only employed to form part of a line of 
works destined to cover a camp, to defend the avenues 
to a village, dike, bridge, or defile, ,&c. Its principal 
defects, considered as a single work, are that its ditch is 
without defence; and this defect it has in common with 
most works of a mere temporary nature. Besides, as it 
is invariably found that soldiers when placed behind a 
parapet will fire directly before them, that is, at right 
angles to the parapet, it follows that there is a large un- 
defended sector in front of every redan. This may in 
a measure be remedied by cutting oif the salient angle 
with what the French call a pan coupe : that is, a por- 
tion of the parapet having its crest perpendicular to the 
capital of the work. There is no stated rule for fixing 
the length of face of a redan : though that which is 
usually given to it is filly yards. The redan when thrown 
out in front of other works to increase their strength 
receives the name of flcche. 

The lunette or bastion is a work rather more con- TI 10 lunette, 
siderable than the redan, being composed of two faces See fig. 3. 
and two Hanks. Its object is to enclose more advanta- 
geously the interior space, and permit a more direct fire 
upon the sides. The lunette being, as well as the redan, 
open ill rear, is employed only in cases similar to those 
for which a redan would be constructed. This work is 
of very common use, owing to. its simplicity, facility' of 
execution, and easy adaptation to any ground. There 
is nothing arbitrary in its form and dimensions, which 
must be determined by local circumstances : but in ordi- 
nary cases and on level ground, its faces may be fixed at 
sixty yards long, ami its Hanks at ten. The defects of 
the lunette are the same as those of the redan. 

The Ficncli engineers give the name of bonnet dc Bonnet da 
prt’trc to two redans so connected as to afford a mutual V rt<r y- 
defence. It therefore consists of two faces A B, C D, See 
and of two Hanks A E, EC, usually shorter thau 
the faces. This work being likewise unclosed in rear, 
its application must be subjected to the same restrictions 
as in the ease of the two former : it is generally employed 
to cover a bridge, and its faces are then defended by 
batteries placed on the opposite banks of the river. The 
bonnet de prClre is a more efficient work than the lunette, 
as its salients arc better defended ; it has no dead sector 
in front, but the ditches of the faces, are unllanked. The 
construction of this work may be regulated as follows. 

Make the line of the gorge B D equal to one hundred 
yards, and the capital I K equal to fitly ; at right 
angles with IK set olF I A, IC each equal to twenty 
yards; set off IK also equal to twenty yards; join the 
flanks- AE, CE, mid faces AB, CD. The angles A 
and C will by this construction be equal to 12° 80', 
and therefore will exceed the minimum prescribed for 
sucli angles: it being a rule in fortification, both per- 
manent and temporary, that salieut, that is, projecting 
angles, shall never be made of a smaller opening* than 
60 . The angle AEG will* be a right angle whereby 
the best possible defence is afforded to the salients A 
and C : it being likewise a rule in fortification that 
a line which Hanks another shall make with it, at 
least, an angle of 90°; and this is in consequence 
of the incorrigible habit which is fouud in soldiers o! 
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firm*;- perpendicularly to their parapet, in spite of all the 
cine which can ho taken to make them direct their fire 
upon any particular point. 

The redoubt is an enclosed work without Hanks, and 
is usually made of a quadrilateral form. On a flat even 
country the redoubt is generally made square ; there 
being no reason why one face slumld be made longer than 
another, or one single greater than another. Hut on a 
varied surface, it is. necessary to adapt the shape to the 
nature of the country. An opening is left in the middle 
of one. of the sides for communicating with the exterior ; 
aud a traverse is thrown up within, to prevent (he enemy 
from seeing into it. The quadrilateral redoubt is defec- 
tive ; inasmuch as the dead sectors in front of its angles 
favour the enemy's attacks upon four different points, 
and weaken the defence by dividing the resistance of the 
garrison. Endeavours have been made to correct this 
defect by ghing* to the redoubt a circular form; but this 
is only substituting one evil in lieu of another. A cir- 
cular redoubt would with equal <ie\clopement of parapet 
circumscribe a gienter space, and in this point of view is 
advantageous ; but its application to the ground is 
clitlicult; its figure makes the resistance on all sides 
equal ; and the distribution of its tires prevents any 
pailicular side (which may be must liable to attack) 
from receiving an adequate proportion of tlcienec, at the 
same time that it affords a greater fire than necessary 
upon other points of difficult access. The angular re- 
doubt, on the contrary, may have iU principal faces 
directed against the points most important to bedcfemled ; 
it is besides, more easily executed and applied to uneven 
surfaces. The dead ness of the angles may in a measure 
be remedied by the expedient suggested for the redan, 
that is, by making a pan coupe of six or ei^hl yards in 
length. The size of a redoubt is always proportioned to 
the garrison which it is destined to contain. For lining 
the paiapets, the calculation is that each soldier occupies 
three feet of front. The interior free habitable space 
is regulated by the consideration, that a square fathom 
should be allowed for every four men. Hy interior free 
space is understood that comprised within the foot of the 
slopes of the banquettes. In the largest sized redoubts 
the free habitable space will always be sufficient for the 
convenience of the garrisons usually thrown into them ; 
and the “mailer ones, being seldom occupied, excepting in 
moments of actual resistance, it is of little importance — 
provided they have sufficient men for the effective lining 
of their paiapets — whether the habitable space, as it is 
called, be equal to that above prescribed. Nevertheless, 
all French authois have thought it necessary to lay great 
stress upon the mathematical accuracy with which the 
capacity of the work is adapted to the number of men 
who arc to occupy it ; and each has laid down some 
rule which he thinks preferable on this account to that 
ol his predecessor. From the nature of the outline of a 
redoubt, it is almost needless to acquaint the reader that 
its ditches are without defence, or in other words, dead. 
The manner of palliating this evil will be shown in ano- 
ther part ol this Essay. 

The next enclosed work i 6 order of importance is the 
star fort This is constructed either upon a triangle or 
upon a square: in the first case it has six points, and 
in the latter eight. The hexagonal, or six pointed star 
fort, is constructed upon an equilateral triangle ABC 
of ninety yards length of side ; by dividing each side 
into three equal parts, and describing on the centre one 
an equilateral triangle D E F. By this arrangement 


the salient E is defended by the fire of the fines A D Furtifica- 
and H F ; and the points A, B receive a similar defence ttou. 
from the faces I) E and E F : so that the defect iff dead S **~* > s*"~' 
sectors is much diminished, if not totally removed. This 
star fort is a little defective in its Hanking : for the re- 
entering angles being obtuse, the fire from F is not di- 
rected precisely upon E, and we have already stutrd 
how difficult it is to induce troops to fire obliquely. Thy 
entrance m n is made in a re-entering part, being there 
less exposed to attack, as it is further removed from the 
enemy and protected by a cross fire. 

The star fort with eight points is constructed upon a Se* fig. 7. 
squure, the sides of which may be iimetv yards fong. 

Each of the sides is divided into three equal parts ; and 
upon the central one is desciihed an equilateral triangle. 

In this, as in the last-mentioned work, the salients are 
but obliquely flanked : but this defect is not so sensibly 
fell as to render it necessary to resort to constructions 
foreign to the simplicity indispensable in Field-works, 
which it is almost always requited to tiuce out expedi- 
tiously, and often with the aid of no other instrument 
than u correct eye. Most of those minute perfections, to 
which so much consequence is attached by mere theo- 
rists, and which are perceptible only #n paper, would 
not prolong the defence of a work one single minute. 

It can scarcely be too often repeated that it is necessary 
in Field Fortification to avoid that spirit of luinuha*, 
which is too apt to lose sight of gienter objects in run- 
ning into details of little or no importance. Four of the 
points of this octagonal fort are less acute, and there tore 
more solid than those of the former w oik : hut a more 
real jfdvantage, and one which ought n> obtain for it a 
decided pivleience over the latter, is that with equal 
length of parapet its interior space is greater. 

The bastion fort considered as a Field-work should p, vs f;< ;n 
be constructed only upon the square or pentagon The foils, .<r 
distance between the points of the bastions, or in other i.»rts. 
words, the exterior side A H of the polygon, may vary w * 

in length between one hundred and two hundred yards,- 
which allows of great latitude and facility for the appli- 
cation of this kind of work to almost every site. The 
reason why A 11 cannot be made shorter than the mini- 
mum above prescribed, is, that owing to the relief of the 
works, die ditches near the centre of the curtain would 
not be discoverable from the parapets, and would conse- 
quently be dead: besides, the flunks would dwindle into 
insignificance. The range of common muskets also 
requires that the extent A B of die front should not 
exceed the above maximum ; for it is an axiom that 
“ lines, which have to defend a salient point, must not be 
further removed from it than will enable the musketry 
to range Ireyond that point, and to take effect upon the. 
enemy before he reaches it.” 

Star and bastion forts, and particularly the latter, are 
employed in fortifying important posts. Their construc- 
tion ought to l>e of a solidity approaching to that of 
mixed fortifications ; which, though uol revetted with 
masonry like permanent, works, are nevertheless intended 
to last several campaigns. These forts will not only 
serve as >sts of importance, but are also useful as 
depots for stores of every description, for which their 
spaciousness renders them fully eligible. They should 
therefore be so well conditioned as to apprehend nothing 
from sudden assaults, but should comped the enemy to 
break ground before them. A Field-work which is ho* 
non red with a formal attack, or which compels the 
enemy to resort to more than ordinary means for its 
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Fortifica- mluct ion, is justly deserving of celebrity ; and we need 
tiim, not hesitate, notwithstanding the inherent defects in their 
construction, to class with the ' latter, oiir redoubts at 
Toulon, the gallant defence of which, in the Revolution- 
ary War, gained so much honour for the British arms. 


CHAPTER III. 

Continued Lines. 

Lines. Several works placed in succession parallel to, or sur- 

rounding, a position, generally receive the name of lines. 
There are two kinds of lines; continued lines and lines 
with intervals. Continued lines consist of an uninter- 
rupted range of parapet. Lines with intervals are formed 
of isolated works — whether open at the gorge or enclosed 
— placed at convenient distances from each other, and 
affording a mutual flanking defence. Continued lines 
are mostly employed where a pass is to be closed. And 
lines with intervals where it is intended to oppose re- 
sistance to a vigorous attack : because the detached 
works which row pose them may be more carefully con- 
structed and better defended; serving as strong points 
round which the troops may manoeuvre ; and thus com- 
bining. whilst on tin* defensive, all those moral advan- 
tages of the offensive which result from the feeling of 
superiority. Hence continued lines arc best adopted to 
frontier defences, autl lines with intervals to camps and 
fields of battle; nevertheless, the preference ought always 
to be given to that, which can be soonest prepared, and 
defended with fewest troops. 

Cunt; rmed The different modes of constructing continued lines are 
I.mh-s: as follows • with redans, tcundlcs, cremaillercs, or bas- 

wth rt:« tious. V unban. in his lines talk redans, placed the 

| lau'i ; latter at distances of two hundred and forty yards from 
centre to centre. This is at present considered too great 
Sec fig. 1 a distance ; and it has been proposed to place them at 
one hundred and eighty ) arils, by which the luces of the 
redans will mutually derive a nearer defence. This is, 
however, at best, but a weak line ; and the frequency of 
its employment in war cau only have proceoded from 
the readiness with which it can be constructed. Another 
Sue fig. 10. wiij of improving upon Van ban’s outline is by breaking 
the cm tain H D into a very obtuse redan BC 1). With 
this alteration the works assume the name of queue 
d'hironde, or swallow-tail lines. This construction, al- 
though belter than that with redans, is nevertheless far 
(rom being good : for, although the parts of the line 
between the redans arc defended by the fires from the 
faces of the latter, yet upon an equal devclopcment of 
parapet the queue d'hiroude line presents three salient 
points, whereas the redan line has only two; and as the 
points project equally towards the front, they are all 
liable to be attacked at the same time. The curtains, 
also, of Vnubnii's line, are less exposed to the ricochet 
fire, than the branches of the swallow-tailed construc- 
tion. The salients are the principal points of attack, 
because they are closer to the enemy ; and because they 
St* fig. 1 1 . have sectorial spaces iu front of them undefended by 
direct fires : while they are also easily enveloped by the 
enemy's converging fire. A means of correcting the 
defect arising from too many points of equal saliency, 
would be to carry forward the salient of the great redan 
B C D, making its faces perpendicular to those of the 
small ones; so that upon aline of one hundred and 


eighty yards only two points of attack would be offered ; Fortifier; 
and the salients would moreover be well defended ny ti»n. 
flanking fires. w- v ~w f 

The tenaille line is composed of redans of equal with te- 
ll intensions. Their capitals arc usually seventy janls ; 
long, and their demigorges one hundred. There exists Sec fig. 12. 
so great a similarity between this and the former out- 
lines, that to specify the minute differences in their de- 
fensive properties which writers on fortification have 
remarked and dwelt upon, would be to consume lime to 
no purpose ; and these, lines are here described merely 
to complete the usual enumeration. One great fault 
commoit to them nil, is, that their long branches arc 
exposed to the enemy’s enfilade fire ; and in an open 
country this evil will be more sensibly felt iu the tenaille 
line than in any other. 

Lines en cremaillcrc are composed of a succession of "dh pre- 
faces and flanks perpendicular to one another. The ^ ^^[3. 
faces limy be made one hundred yards long, and the ^ 
flanks twenty-five, still supposing them constructed upon 
a flat aud open country : for, on on irregular surface, 
all the branches may vary considerably in length from 
the general dimensions ; the most essential rule being 
thut the works should conform to the shape of the 
ground, und have their salient points 011 eminences. 

The cremaillere line is superior to any other, for the 
purpose of uniting principal works placed at too great a 
distance for mutual defence. In this case the cretnail- 
lcres ought to change their direction nt the centre a of 
the line, whence there will result a good cross tire before 
the middle of the interval. 

If particular circumstances should make it requisite T* ie bastion 
to give to a line a more than ordinary degree of strength, lme * 
there is no doubt but the bastion outline ought to be 
preferred. Its principal advantage is that every part of 
the ditch is well seen into and flanked ; but the salients 
have not all the defence which could be desired. There 
are certainly cross fires in front of them, but these 
scarcely range beyond the counterscarp and leave great, 
open spaces X without auy at all. This may, in a 
measure, be remedied by breaking the curtain, for then 
.the fire of the half curtains directed upon those spaces X See fig. 14 . 
will render the access to the salients more difficult. The 
bastion line is more troublesome to construct than any 
other, owing* to the quantity of earth which requires 
removing between the flanks and the curtain, when the 
counterscarp is directed, as iu permanent fortification, to 
the shoulders of the bastions ; and this may account for 
its not being oftener employed. It is evident that, if See fig. 15 . 
the counterscarp were traced, as in other works, in di- 
rections parallel to the faces, flanks, and curLain, the 
ditches of the faces would be unseen from the opposite 
flanks, the sight being obstructed by the mass of earth 
iu front of the curtain. When there is not sufficient 
time for removing the entire mass— -and it seldom fig. 10. 
happens that there is— the evil may be palliated by 
sloping away the earth in the direction of the line of 
fire drawn from the crest of the parapet of the flank 
to the foot of the ditch of the opposite face : whereby 
the ditch of the face will be perfectly laid open to 
the fire of the opposite flank. Some writers object 
to this remedy, as facilitating the descent of the enemy 
into the ditch ; but it may be observed that the de- 
scent into the ditches of Field-works is in piactice usu- 
ally an easy matter ; and those ditches should In; 
regarded rather as excavations which have served to 
furnish earth for the covering masses, than in the light 
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F f "iiiu\i- ol serious obstacles to the enemy’s attacks. Besides, 
n<m. even though the facility of descent should be admitted 
to be of groat advantage to the assailant, it is evident 
that in availing himself of the slopes here mentioned, he 
must expose himself to a reverse tire from the flank 
behind him, and this is not likely to augment his us - 
sirrance. 

Thoved The line just described is applicable to any surface: 

astiun llnt ‘* but that which may next be mentioned having its various 
parts given in numbers, is unfit for irregular surfaces. 
It certainly appears, however, the best that can be used 
ou an even country, where only a limited length of re- 
trenchment is required ; and though thus restricted in 
its application, some notice of it in this place is due to 
the inventor, Colonel Dufour, (Director of the Military 
Academy of Grave,) to whose excellent Work on Field 
Engineering the compilers of the present Article are 

See fig. 17. bound to express their obligations. At cacli end of a 
side A B four hundred yards Jong, erect perpendiculars 
A 1*. II i). Sot olf ou the latter A 1), If E, each equal 
to fifty yards, and D 1\ H Q each ecpml to thirty yards ; 
join li and K; on T) K take D(j, EH, each equal to 
sixty voids, and bisect D E in ('. Draw AG, B H, 
and produce tlio<c lines iiuh finitely ;»join C and P, C 
and Q, and make C. 1 M and C N each equal to AG or 
U If. Then, in ouler to obtain flunks sufficiently near 
the salients A, (\ and B, to aiford those points an ade- 
quate defence, let fall from G. M, N and H, perpendi- 
culars G g, M m. &c. upon the lines of defence M P, 
A G, &c., uud join the interior extremities w, g, &c. of 
the flanks, to form the curtains. This outline is superior 
in many respects to any of the former; but it is certainly 
rather too complicated* and is moreover inapplicable to 
every kind of surface: it can, therefore, be entitled to a 
preference over the common bastion line only in the cir- 
cumstances already mentioned; and when these occur, 
its advantages are as follows. Suppose two fronts of for* 
tification ou the liucs AC, and B C traced upon the 
usual principles, it will be found that the red an -bastions 
in fig. 17 are more spacious than the ordinary ones, and 
that the flank M m is longer in the former than its cor- 
responding flank in the latter would he, which is strictly 
conformable to the principles of the Art as it has to 
defend the point of attack. Gg indeed will be smaller, 
but this is attended with no inconvenience, since its fire 
is directed upon a point not much exposed. It may, 
however, be noticed as some defect, that the fire of tJie 
short flank Gg when prolonged in a direct line would 
fall within the salient of the advanced bastion at B, and 
expose its defenders to the risk of injury from their 
own comrades. 


CHAPTER IV. 

Lines with Intervals ; Tetes-de-pnnt, fyc. 

Lines with Lines with intervals are composed of isolated works, 
intervals, such as redoubts or redans placed at certain distances 
asunder. In determining the situation of these works, 
it must be observed that the intervals between them 
should never be greater than two hundred yards ; so 
that they may be able to defend one another by a cross- 
ing fire, at an efficient range. The outline of each work 
must also be so disposed that the faces which are to pro- 
duce that crossing fire between two works, shall make 


with each other an angle not less than, nor much exceed- Fovtifica- 
ing, a right angle. The military world has long been fi°m 
divided in opinion whether the preference should be v '— 
given to continued lines, or to those with intervals. The 
former seem to have been held in highest estimation 
until after the commencement of the XVJllth Century ; 
for the greatest number of retrenchments made by the 
French and by their opponents during the reign of 
Louis XrV., and particularly during the Wars of the 
Succession, were continued lines, in our days this 
manner .of retrenching armies is rejected ; and when 
the nature of the country will admit of it, that of iso- 
lated works has the preference. Lines with intervals 
have over the other species of lines the following advan- 
tages. 1st. They are more easily applied to the ground, 
and made to occupy the points most essential for the 
defence ; not being shackled by the conditions which 
must be observed in outlines where all the parts are 
connected together. 2dly, They require less labour, and 
consequently enable the engineer to give a greater 
degree of perfection to the works within a determined 
time, and with fewer workmen. 3dly,They require fewer 
troops for their defence, having a less dcvolopomcnt,und 
thus allowing a greater force to be dfrectrd upon the 
most exposed points, or a greater number to be kept in 
reserve, 4thly, By this disposition the troops may with 
facility pass from the defensive to the offensive, and i :irt> 
vrrsa, as may best suit the occasion: whereas, when 
lining a continuity of parapet, the same troops possess 
no advantages cx'ccpt such as may be derived from a 
judicious adaptation of the outline; and having no faci- 
lity of issuing from behind their cover, are restricted to 
mere defensive operations, which are apt to produce an 
unfavourable effect upon the courage of the soldier. It 
may be remarked, in conclusion, that continued lines 
ought to be employed only in situations of moderate 
extent, where a small number of men being .sufficient 
for their defence, a considerable portion of the army 
may be kept in reserve at points favourable lor offensive 
movements. 

In the choice of positions or situations for the en- Choice of* 
campment of an army, it is evident that elevated grotiud positions, 
should always be preferred, wheu its extent is not dis- 
proportionate to the number of troops : in order to in- 
crease flic difficulties of the attack, and permit the de- 
fenders to see the works and dispositions of the enemy 
while their own are wholly or partly concealed. A 
superiority of command, also, renders it possible to take 
advantage of any movement of the enemy by falling 
rapidly on his convoys or attacking his columns on their 
march. Positions are, however, often unavoidably taken 
up in a plain country ; and it may be observed that no 
great inconvenience ensues from the occupation ot such 
situations, provided they are protected by natural obsta- 
cles, or by works expressly constructed, and that by any 
means the enemy 's prevented from approaching' near 
enough to annoy the lines by his tire. But if the posi- 
tion should be commanded within range of artillery, the 
most disastrous consequences may be induced : for the 
troops being either exposed to heavy Joss, or driven from 
their posts to obtain shelter behind woods or other cover 
against the enemy’s fire, the works may be assaulted and 
carried before the defenders can be rallied from their 
confusion. 

Whether in plains or on eminences, the approaches 
towards the ground occupied by the enemy should be 
well guarded by a chain of outposts, which must sur- 
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Fortifier co^fid the ciu^Manpfeint witlite flew of It and at the dis-\ 
tiou. tance of about a write frottaUln eVery direction : so that, 
oii an alarm being given, there may be time for the troops 
in the line's to. put themselves in * posture of defence. 
These outposts should be covered by woods, villages, or 
houses; hr if np such cover exists, ^redans, a? before 
described,* mustbe constructed for their protection. 
Within the chain of outposts, and at twp or three hun- ; 
dred paces from the encampment, redoubts or batteries 
must be formed : for the purpose of protecting the line by, 
their, crossing fires, and principally to secure the. wings 
against any attempt of the' enemy to turn them, or to get 
to therear of the army, by which the supplies, from its 
magazines, and its own retreal, shodld this become ne- 
cessary, might be entirely cut off. The disposition, of 
these works, next to the choice of the position, demands ' 
the serious attention of the* engineer: since on it de- 
pends, in a great measure, the success of the army in 
maintaining its ground; and, consequently, the proba- 
bility that the enemy may lie compelled to retreat and 
leave the field free for the prosecution of often si ve opera- - 
tions. When, therefore, the position is on an eminence 
affording a good View of the neighbouring country, and 
particularly of the avenues by which an enemy might 
approach, the redoubts should be constructed at inter- 
vals on the salient points in front of the line, where they 
may defend those avenues by direct and flanking fires 
from an artillery sufficiently numerous to prevent the 
enemy’s columns from advancing without experiencing a 
serious loss. As the enemy may attack and attempt to 
storm some of these redoubts, they should evidently defend 
each other reciprocally, and be capable of making a 
powerflil resistance in front. For this latter, purpose 
they should be placed on the crests of the heights which 
they occupy: that they ,nmy be able to graze with mus- 
ketry the descending ground about them ; and if, from 
the steepness of the slope in any part, this should be im- 
possible, collateral works should be constructed in situ- 
ations where they may see and defend that part by which- 
an enemy would otherwise advance unmolested against 
the principal work. • ’ 

In general, the highest point in the line is the" key of 
the position ; and, as thfc retention of this is an object of 
the utmost importance, it should be occupied, by a re- 
doubt of the strongest kind. This point being a pivot 
about which the whole army manoeuvres, it is plain that 
it should be situated about the centre of the line ; but as, 
in some cases, it may happen to be in one of the wings, 
then additional precautions will be necessary to prevent 
it from being cut off from the other parts of the line : 
such as making good communications to it, by which sue- , 
oours may be. sent in force when it is hard pressed by 
the enemy.. Such communications should also be made 
when the .divisions of an army are separated from each 
other by woods, marshes, or streams : passages should* 
be cut through* the first, add causeways or bridges formed 
over the others ; in order that in every part of the en- ' 
campment -troops may be able (if possible out of the 
enemy’s sight) tb march to each other’s support. Na- 
tural obstacles greatly increase the defensive properties 
• of a position; and ifihere should be a river at the foot 
of any part of the efeiaknee on which the army is situ- 
ated, and near enough to be subject to the fire of ihe 
artillery, it would be impAssabfe by the enemy attdwhuld 
completely protect that part of therein*. It may be here 
observed that anarmy encamped possesses many advan- 
tages over the garrison of a fortress * for the degree of 
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resistance that can be opposed by the latter is always FortMfca- 
known to the enemy, and the permanent nature of the f 

works prevent* the plan of operations from being 
charged; so that the enemy can regulate his dispose 
tions T according]y. The case is different with an army 
in the field, which can vary its measures with the nature * 
of the anticipated attack : either by opposing force to force v 
or by surprising the enemy ; or by taking advantage of 
the localities to prevent his columns from acting together. 

It iftay not be unsatisfactory to dose this general British . 
description of lines of intrenckments with a short account line* ?>m- 
from the invaluable Memoranda published by Colonel biabou. 
Jones, 111 * of the works executed before Lisbon by British 
engineers, between the years 1609 and 1812, for the pur- 
pose of protecting that city and the meditated retreat of 
the army from Portugal. These celebrated* works were 
enclosed redoubts disposed in two great chains crowning 
the heights which extend between the Atlantic Ocean and 
the Tagus : the first or exterior chain was situated about 
.twenty miles North of Lisbon, or twenty-five miles North 
of Fort St. Julian, which forms the Southern extremity 
of the Peninsula, and was the proposed place of embark- 
ation. This chain commenced at the point at which the - 
Zizandra falls into the Atlantic; the works occupied the 
waving ridge of heights on the left bank of that river, 
and extended to about two miles west of Torres Vedras, 
terminating near the Western extremity of the Sierra de 
Monte Junto. At the mouth of the little river St. 

Lorenzo, about seven miles South of the Zizandra, the 
second or principal line of forts commenced; and 
these were constructed on all the salient points anti emi- 
nences of the ridge of heights extending from the Sea to 
the Tagus, and passing close to Mafia, Montechique, and' 

Bucellas; which lie successively Eastward of each other, * 
and through which proceed three of the four great roads * 
leading from the North to Lisbon. The fourth, or East- 
ern road, runs through Alhandra close to the Tagus. 

The whole country between the great roads is hilly and 
broken, and cannot be passed by an army. with its artil- 
lery without much difficulty and delay ; and, to secure 
the roads effectually on the! principal ascents at the passes 
of Bucellas, Montechique; and Mafia, were constructed 
strong redoubts and batteries for artillery, so disposed as 
to enfilade the roads and concentrate their fire upon * 
particular points of them,* at which it was intended to 
form mines, deep cuts,' or other Artificial obstructions 
when they might be required. , The ridge of Monte 
Gfa^a was crowned by. one large and several smaller. ; 
works; and ihesej with the works- at Torres Vedras,' 

, served ^isolated oqiposts to the principal line just men- 
tioned : blocking up the approaches, and giving time for 
the., troops to occupy the line before they could be 
attacked in force. A chain "of ( redoubt* connected the 
works on Monte Gra^a with others forming part of the 
line, and situated on the ridge at Alhandra : to the South 
of this rid^e.the Tagus Is not passable by an army ; and 
therefore the works coy id pot be turned by an enemy on 
the opposite 'ride of the river, - Along the North face of the 
ridge just mentioned, and Dear the summit, on an extent 
of- two' miles, there Was ' cut an almost perpendicular 
scarp: fifteen or eighteen feet high, every part of which 
. wAfc closely flanked by a covered musketry fire, and 
• alsp by artillery in : enclosed works donstructed on the 
salient • points of "the heights: all the flanking works 
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V* '*3Mftmoranrl<k fa the Line$’ up to cover te&bon ut 

1810. By Colonel Jolm T, Jooo*, Royal Kiigineer*. 
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Itotiftew TO flk^sl lriy> by larger wdoubts on commanding 
tn«. | m&h Additional redoubts were, subsequently, 

V - *^***- &vqu$ between the, ridge at Alhandra and, that of. the 
i^'SfelSria^de Serves at Bucellas; and th^ valley between 
them was blocked op by an nbattia with a fpvered comn 
* \njuhicatiou in its rear, ; The front of thhr communication 
/ , could be swept by artillery from the Alhaudra heights. 

' and closely flanked by musketry from some stone build-* 
ihgH in the aidea of the va)Iey. 

In thfcwhole line between the Ocean and the Tagus 
therU/were one hundred and fifty-two redoubts roount- 
Jn&tn all .five hundred and tlurty-four pieces of artil- 
v jety, while the army to be covered consisted of but "fifty 
J ' thousand men ; a small number when compared with 
the’extent of the line, which was equal to about twenty- 
: nine miles, and required, above thirty-four thousand men 
to garrison the works. But this vast dovelopement is, in' 
/ the present case, justified by military men on thfc ground 
of the extraordinary strength of the principal works, 
which is considered as rendering them in some respects 
fortresses. Colonel Jones, moreover, observes that not 
mofe than one- tiki rd of the* works wouW have been re- 
quired to be fully manned at any one .period. The 
- , redoubts were generally adapted to the ground, and 
were of every capacity : the smallest was constructed for 
fifty men and two pieces of artillery ; .others could con- 
tain five hundred men and six pieces, and the great re- 
doubt on Monte Graija required one thousand men and 
bad twenty-five pieces. Some of tho works were fix -the 
shape of star-torts, but it was objected to these that the, 
defence of the ditches was imperfect; and the direct 
fire towards the front was insufficient. It may lastly be' 
observed that there was an enclosed work on the height 
between St. Julian and Oeyras, near the proposed point 
of embarkation, with independent redoubts and bat- 
teries r the principal work was well flanked and required. 

. a gar^sbn of one thousand three hundred and forty 
, . men* 

Tfttcsde- Works thrown up in front of bridges to cover and 
pout. defend them, constitute what are called tfteibde-'pont: their 

general disposition and shape may vary in a thousand 
ways, according to the nature of the localities and to the 
importance of the object. The works constructed to 
, serve as ft tfcte-de-pont are frequently ill-adapted to this 
. object ; being either too small to cover the bridges pro- 
perly from the enemy's fire ; or having so great a deve- 
iopement that a large portion of the army is withdrawn 
from active service mferely to guard them. A t£te-dc- 
pont ought to be; capable of . effectually concealing the 
bridge; but it should- require for its’ defence the 
smallest possible number of troops, in order (hat the dis* 

, posable forces \may : be so much the more numerous. 
*** ^\%rWfce» A® pTOgft Is one of importance, it may be ex- 
* 1 L " podieet to give' to the t&te-de-pont the forth of a line with 
** ' IntTOalS' : that is, upon an arc of a circle whose radius 
,v^v ift Qtte thoi^ind or twelve hundred yards, a disposition 
. ... allow Id be made of redans or detached bastions, flanking; 
s* : ■ each other; and, in rear of these* and: covering t^c W 
, to., the bridges, a central work should 

l: ■ ba placed : serving aS aredoubt so disposed as to batter 
.between the retrenchment^ in front, defend 
and afford a' safe retreat to the trbops when 
^,'^td^en 7 rbm the adyaitced yrbrks, * A disposition of this 
wifi keep the enem/siM^on at a sufficient dis- 
tanetefrom the bridges to prevent any ainnqyauce in 
! passing thefiver.. If the t6te-de^p6nt *is constructed, upon 
a re-entering bend* of the river, the redans or basUohs* 


may be placed ra a straight line or one nearly so, which 
would improve the defence rand lessen’ the extent of , 1 . 

works. In this case, also, the redoubt of the tftte-de-pont 
may easily receive a flanking defence fteiir batteries esta- 
blishcif on tins opposite bank,' or on Islandswhich are fre- 
quently found in the bends of rivers ; undit ift considered 
that, on this account, and because the bridge is more effec- 
tually concealed from the view ofthe enemy, a re-entering 
bender elbow, the concavity of which ftr on the enemy s 
side, is the most advantageous place for a t6te-de-pont. 

The advanced works should be made capable pf con- 
taining about two' hundred men ; their gorges should 
be secured by a row of strong palisades ; and they 
should be provided* interiorly with a small * redoubt or 
blockhouse* Lunettes constructed thus Cnretblly, and 
well fraised and palisaded, may be placed at greater 
distances from each other than thofte of ordinary con- 
struction, because being stronger m. themselves, they 
stand in less need of immediate succour: their salients 
may be placed three or four hundred yards apart. A 
system of Works of this kind, partaking of the nature of 
mixed fortification, would be well adapted to cover an 
important passage of a river; and the^nemy, unable to 
carry them by assault* would be compelled to go through 
the formalities, of a siege. ' Indeed, without these con- 
ditions, the army, which trmy have retreated through the 
intervals to shelter itselF from the enemas superior 
'forces, would have to cross over to the. opposite bank, 
and abandon to feeble garrisons the defence of the ad- 
vanced works. - These garrisons; too* weak for a long 
resistance, would now betak.e themselves to a retreat, if 
such a measure were still in their power ; the approaches 
would therefore no longer be covered; and all the 
advantages of the tgtes-de-pout would vanish at the first 
appearance of tho enemy. It is therefore necessary, in 
order to, oppose an effectual resistance to the progress of 
the enemy,' that the exterior works should have all pos- 
sible solidity and strength. .. 

When a l.6te-de-pont has not the , defensive qualities 
that could be desired, and the retreat of the army to 
thje .opposite,; bank is a measure ,of necessity, it may 
be. effected 7 in (He following manner. The retreating 
army Is divided into os many columns as there are in- 
tervals between thte advanced works; each column 
" takes i the 1 direction pf iU allotted interval, and when it has 
passed the latter it* deploys, immediately in rear of it. 

Those of the cpiuiqns which have not room for deploying 
either as a fiiftt or 'second line, immediately cross over to 
. the oppdsUe 6141k* The fire ofthe works will open as soon 
the » pace in front of them is sufficiently unobstructed by 
the retreating army.' The infantrjf deployed stands now 
alone before the enetnjh; the advanced works being eva- . 

. eh a ted, and their' garrisons . retiring -through the inter- 
valsdf the divisions. The artillery and cavalry, with the 
exception of a Aw guns and squadrons, hafq already 
passed over the bridges, uThi iflfantry. qpmmeuces its 
retrakt cn toktUon* Aft- soon as, the central redoubt is 
r 1iqmasked, its fire, is opened to protect the retreat. When 
'tbeeqemy is master of the Aehf; the garrison of the re 
dbubt retires ; the yictqte "now enter tumultuously in 
ifys abandoned work add listen to get possession of the 
brMgU&T but they, are, stopped by the last tambours 
made « of strong palisades, and defended by one or two 
cwrtpftuies of grenadiers, who have volunteered to dis- 
" gule thfe spot uutjl the bridges £re destroyed. When 
A fbetir object' is gained, these companies either surrender 
i themselves prisoners, according as th^y may have re- 
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celved MtoVf.tltttr eseape by pwlmming »M ■arvfceaWe. tfaey ought not to belew than six feet 

or 'by Wbj placed *Jt band fir tfee purpose. . ’ .• •' deep. Henoe, ip every field-work- constructed solely 
' ; Th» 1 «dolAt.^^fr^.W<>A»f ,tt.t6t^p>pOOt l8 Ul withj!|pade.and pickaxe, the depth qfthe ditch wiu vary 
Important WMrt^hiehoaiht not to be negligently cop-' feet weea six atid twelve feet,.and these. dimensions may 
etrut^ t ttf^ jlritnmiMiptely nOveri we pnaage, and be comidered as their limits. In calculating the depth 
ensures tift wtr&A of the .lan deiyndera <Jf the Works end breadth of* ditch according to the dimensions of 
in advance. '/ The redoubt ought, therefore, to ba made, the profile of the cpvering mass, it must be remembered 
capable of offering, the greatest t possible obstacles to that the earth generally augments in volume when 
the attack: It nsublly consists of tyte or ttofee bastion loosened fromits natural bed ; and that this increase of 


fronts;, the Wing* Wing defended^; tysitterias thrown 
up in rear on the opposite bank of :the river. - .The 
passages ere made m those wingsr lhey shoulA ho 
about twenty yards wide* and masked ‘ by 'traverses 
thrown up' within, - Inside , of these redoubts, others 
taadc of timber in the manner of tambours' should be 


volume, sometimes amounts to one-tenth or one-twelfth. 

Profiles cannot in momenla of need be calculated with Profile*, 
mathematical exactness : it would therefore be well if 
every officer carried with turn in his pocket-book a ready- 
made Table of, the dimensions of ditches corresponding 
fo "certain given profiles. If unprovided with such a 


constructed to coyer the immediate approach to each ’ Table, the following approximation wlllbe found quite ' . 

l-Jj. >_ t’iei'rx-* 1 m ik, MHMnAaA iuMvlkm ilia Min. 


bridge:, the Utility. jrf this measure* must be apparent 
from the foregoltog description of the manner of effecting 
the retreat'. Care must likewise be taken when con- 
structing a thte-dc-pont, to throw up one or two bat- 
teries for destroying the bridges, in the event of the 
enemy's unexpectedly forcing the central work, and not 
giving time to cyt them away or burn them; Fig. 18 
represents a grand t£te-de- pont, where all these conditions 


adequate Ho the purpose. Ascertain the superficial con- 
tents of a vertical section taken perpendicularly to the 
length of the intended parapet or covering mass. Theft 
assume the depth of the ditch* which will generally be 
the same as the height of the work. Divide the cow* 
tents of the profile by that depth, and. the result will be 
the required breadth. Jror instaricc, if the d^tcb^ is to. 
be six feet deep,- and the surface of the profile should 


have been observed. It often happens that there is but . contain one hutidred and eight square feet; the required 
one bridge to be covered ; in Ibis case the central work ’ breadth will be eighteen feet for the upper part of top' 


ditch. This expeditious formula, indeed, supposes the 
ditch to be dug vertically down without slope ; that there 
is no augmentation of volume ; and that .the ditch has 
no greater developemeut than the parapet : all which 
suppositions are contrary to truth. But the ditch being 
dug with a slope, the surface of it9 profile will be dimiv 


works. 


may be much smaller’ than the preceding one, and be 
composed of a single bastion front connected with the 
bank by long branches ; or it may bo a mere bonnet de 
pv&tre, or even a lunette defended from the opposite side, 

These last two are most* usually executed in petty war- 
fare: but nothing can be fixed respecting the ir di men- . . 

sions, both these and their shape being always deter- nisned ; and this decrease of surface yrill pqrtly compeii- 
mined by local circumstances. ' sate for the increase of volume and’exdesa.oi.devclopc- 

meht, so that the result will be sufficiently correct for 
"' ,Jfr_r ‘“ actual practice. Or, if the eighteen feet above found he* 

. » ' considered as the mean breadth of the ditch, and if there 

CHAPTER v. . , s be added to it such an aliquot part of the given depth 

Details of Construction, , as is expressed by the proportibn of the breadth to the 

• ‘ height of the intended slope, the sum will express the 

On Hus re- Haying described the shape or outline or the principal true breadth of the ditch at the upper part Although 
In f of field- works executed in the field, it will be necessary to say a, wo have generally spoken of six or Seveu and a half feet 

few words respecting their relief, before we proceed to * ^ aL iA ‘ J 4 — 4V ~* 

show the manner in which they are constructed. A* 
good relief is not less essential to ail intrenchment than 
a well-combined outline. The most usual height given 
to the covering masses of field-works is seven and a half 
feel : this height fa chosen in order, that a man on horse- 
back may be unable to see over the parapets into the work. 

Parapets arc nevertheless often made .of less height: for 
instance, six feet is not a bad relief if there is no appre- 
hension of a cavalry fire ; and intrench m&nts construed 
hastily to procure cover for a detachment, .are often made 
no higher than foot and a half feet: but in' this case* as 
there would nbt be sufficient cover, it; is necessary to ex- , 
cavate about one. and a half on tbO inside.'; .The required 
solidity of the work, as we, Have already said, depends 

upon the naturq bf the»prqjeclttifejtyh^ 16 , 

resist, fttit whatever be the thickn^s pf the pwrapets.it two profiles must be set up oh epch line to designate the 
is necessary that the earth excavated frpm the^ditches be form *tf the parapet, ahd to point out to tlie workmen 
sufficient for the fotjnaMoiy of the covering, mass, where they must throw the earth. If the face of the 
Whence it follows, that the breadth and fifejpth of the workis rat her' long, two profiles may not. suffice; a 
ditches must v^ry with the height and thickness of the third must therefore be added in the alignment of .the 
parapets. It mtfy bp weB >0 . repeat* that the means former two. These profiles are made of fir hubs when 
usually at band .for the construction of /field wbrks will snehare to be obtained': in which case they may be »et 
not permit a gjhsater depth to be given tlmn twelve foe p up vpkh all durable perfection, representing exactly the 
to' the ditches;' dud* in orde^th&t the latter to^y V at -shifts of tb& parapet In the first place, there should 


as the height of. the parapets, it does not follow that, 
under some circumstances* still leas may not be given to 
them ; but then they lose jnuch of' their efficacy, unless 
the work is situated on an eminence and if the height 
Is less than four feet .and a half the berm must be formed 
below the level of the natural ground, for .the reason, ; 
given in describing that part of die work. . When patoK - l 
pets have' more than the ordinary height given fo them*; ; 
it is sometimes impossible to direct their superior s)0j)4s 
upon the edge of the counterscarp. > The latter mdst . 
then^ ^be rmsedby a mass of earth siopinggejStly towards v 
the, countvy upon the * prolongation 0 of v tbe: superior 
slope :.or/in other words, by ^vmga>|pia^is to the work. 

Wfiep tx work is traced ppdnTbc ground, that »• ssefig. 
:wh^n Mrong pickets have been d riven at all the angles 
and connected by ropes, or byjfifrrows cut in the ground, 
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the cquntewarp, the precaution here suggested has not Jortffic*. 
teen taken., Hence, then, the counterscarps of flanked ’ thm. 
works will not be made parallel with the escarp,, but be 
closer to it, at the salients. The &*act degree of this 
approximation at the salietits cannot* be Indicated ; and 
must depeud upon correctness of eje and judgment in 
an officer. In any case it wiU be bettef»tb contract the ’ 
ditch too much, than to be troubled with a, surplus of 
soil which would exceedingly embarrass the work, and 
must ultimately be /conveyed . aWay to & distance with 
much labour. It seldom happens that an officer' has 
time to profile a work before tne workmen are set about 
it: the latter are usually placed at tiis disposal before 
tlie work 4 is traced, and he himself conducts them to the 
ground. Whilst they are resting, he quickly determines 
his outline by picketing the angles; and as soon os he 
has approximately fixed the middle of his ditch, he 
places hia workmen there, telling them to 'tirtiat depth 
they may begin by digging upon a breadth less than the 
presumed one of the ditch. Whilst the men are doing 
this, the officer reverts to his tracing ; constructs his 

P rofiles; makes h}s little calculation to ascertain the 
readth of his ditch ; and finally traces with tlie pick- 
ax^ the lines of escarp and couuterscai^. Care must be 
taken to round off the counterscarp at the salients by 
using the breadth of thedjtch as a radius, and the angle 
of the escarp as a centre/ 

The disposing of the working parties in such order flixtribu- 


be driven two strbng square-headed pickets - A and 
denoting the thickness of the parapet ; against the first 
of these is nailed a lath A €, equal in length to the re- 
quired height of the parapet; in like manner there 
itUVst be nailed against the second picket a -lath of in- 
definite length B; and then at the extremity C of the 
first, a transverse one, to which is given, by a qua- 
drant, or a mason’s level, or even by the eye, the in- 
clination which may be deemed expedient: this done, 
it may he fastened at the proper point D. The super- 
fluous length of feD must then be sawn off, and the 
fourth lath DE placed at an angle of 45° with the 
ground, by nailing it at D, and to the square-headed 
picket E. The banquette is profiled in the manner in- 
dicated in the figure. 

■. Profiles may be economized by' constructing them 
upon the angles ; os then, one profile will serve for two 
faces. These angular or oblique profiles have over the 
square ones the advantageof designating more dearly 
the parapets of tlie works, which facilitates their con- 
struction* and obviates unnecessary removals of soil. 

Some degree of habit is requisite in f the construction of 
these oblique profiles. Alter having driven into the 
ground pickets in a direction perpendicular io the 
magistral line of any face of the work at each extremity 
of such face, and at distances from one another equal to 
the horizontal breadths of the several slopes, as in the 

former profile ; ropes or tracing lines are stretched upon 0 0 

the ground in the directions of the capitals at each that the wen shall not embarrass one another, ami that 


salient and re-entering angle. Then/ by a rope ex- 
tended in a direction parallel to the magistral line 
touching any two corresponding pickets, intersections 
are obtained with the ropes indicating the capitals ; and 
.those intersections are marked by other pickets. These 
will be the places at which are to be raised the vertical 
poles of. laths for determining the form pf the profile ; 
and the same heights must be given them os would have 
been given to the parts of the perpendicular profiles be- 
fore described. . When two angular .profiles are set up 
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thp work shall advance in an orderly and expeditious wor m ** 
manner, is a most essential object. "* Tlie work - is por- 
tioned off into lengths of nine feet, measured along the 
centre line of the ditch. In each of these divisions is 
placed a party of five men, one provided with a pickaxe 
and the other four with spades.* Two of the spademen 
are placed by the side of the pickman, and the other two 
are placed upon the berm to pitch the earth further in. 

Besides these five, a sixth spreads the" earth upon the a 
mass of the parapet^ consolidates it with a rammer, and ‘ 


they will serve for determining those at all the other' forms the exterior slopes ; this matt uses alternately the 


angles. . It may be well nevertheless to establish here 
and there a square profile to rectify the oblique ones, 
and- to guard against the errors which might .creep jq. . 
When laths cannot, be obtained, branches of trees, how- 
ever clumsily shaped, may be used to mark the.heights. 


rammer and spade? Hence there will be six men in each 
party, being at the nlte of four men per fathom, measured 
along the middle of the ditch. Besides these workmen, 
suppers, gunners, and other intelligent soldiers should 
be employed in making the revetments and other delicate 


. and then with strings or cords the various slopes may be details. A corporal may have charge of five parties, 
indicated by tying them to tlie ends of, the branches. ‘ and a sergeant may command the fatigue party of the 
_ Besides, when it happens that such means are wanting, whole redoubt. In Sinking the ditch, it has been re- 
• it is seldom necessary to. model the parapet with great . commended to excavate as much at first as two or three 
nicety ; the essential thing being to get cover* and for , feet in depth With a breadth less than that of the whole 
this purpose o good relief will suffice, which piay be surface of the ground, marked out for it by one or two 
. had even without any regular profile/ When alt the pro- feet measured from both the escarp and counterscarp, 
v files are. constructed, the space to he occupied by the and to cut the sides down vertically ; then to excavate 
jjarapet ^becomes known; then there may be, traced, at a\ an equal "depth with a breadth less than the former* by 



tion, the ditches are usually made of an uniform' breadth necessary to attend and descend by; to pteVeiit the 
throughout, provided the parapet has everywhere the ^ whykmen^fVoni excavating, too much ; and to assist Iu 
>- same; knight and thickne$$j it would, however, befell fixing the sl0pea by’ , ;the height and breadth given to 
v. to dimiidiifh the breadth of tlie ditches at jhe sulfcnt, andthestepfc. When tfiew hole mass Is excavated, the steps 
u\ ifiden thetti.at the w-en#rjng angles ; because at the. "iu* cut away; first with the pickaxe, and next with a 
former they have more developement than the p^rapets/ flat spade when newness is redhtfed. "The good soil 

andaMhelaUer the contrary ^ is the case. Whence ft fol- * *' 

lows, that, in one instance, the Workmen fiave more earth 
than they want, and in the other a deficiency, if in aligning 
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rortificft* eqiialjy good ‘fat upitfog and becoming compact under iijoie simple method of defilading the Interior of worked Fsr£il» 
two. thabJowsof r lhe£ammer. Wheiv'worko are very hastily and tbisSve now proceed to describe. (km*,. 

' constructed* it Is impossible to put aWay the good Soil ; ; ; When the work is to, be defiladed from a Mil in front, * 
oq tfye contrary, the covering mqss mustne formed as, 6 t wMnthe line of fire, from thence ie nearly perpendil 
fast as pp^ible-with whatever cbmejr tolmnd* and then coljirto the direction of the parapet, a tall picket must 
the stratumof yegetable spil, which' is geherallythebest, b&setop on the tracing of that parapet at the part 
is covered ,oVe£ by that ofaninferior qualify : if the which Is nearest to the hill. Then, a Visual ray directed 
latter fstoograveliy* the uppe* layer must be removed to a point at the gorge or rear face of the work, eight 
within thb'iejrreplein to he used afterwards in forming feet above the ground, from a point four or seven feet 
the exterior Of the parapet. In making choice Of the. above the commanding hill, according as the work is to 
site of the. work, it Will be well to avoid as much as be defiladed from artillery or musketry, will intersect 
possible rocky and gravelly soils, orilycovefed at* top the picket in a point Indicating the height to which the 
by a slight stratum of good earth- From the cotft* parapet is to be raised on that side p( the work. Itisevi- 
mencement of the work means; must be provided Hp "dent that this visual ray representing a line of fire from 
carry off the rain-water, which; Without this precaution, the enemy's position on the hill* a parapet the height 
would: stagnate in the terreplejos,; and render them tin 4 , of which, fs thus determined will defilade ail the interior 
inhabitable,,- When. (be work .tbjbtf constructed is open ; l of the work. But if from this operation there should 
at the gorge* a dffein iriay be made towards the latter, result a height greater than can be given to the parapet 


and the tef^epleitib on each side may have a gentle 
slope towards "the' gutter. But when the work is ait 
enclosed one, a small drain must be made either With 
(hit stories or boards underneath tHe parapet in "that 
part of the work which is the lowest ; taking care to 
let the spout psoject sufficiently beyond the escarp to 


With the means at hand, the parapet must be raised 
only as high as such means will permit ; and then the 
interior of the work must be more completely defiladed., 
by a' traverse; the situation of which xpay be thus deter- 
mined. Find a place on the terreplein of the work where 
a visual ray from the point before mentioned, on the 


Manner of 
defilading 
fortifica 
tioni*. 


the situation of a second traverse must be found by the 
same process us before. Should there be a parapet on 
that side of the work 'which is furthest* from the hill,, it 
will be necessary also to put the defenders of that para- 
pet below the plane of defilement, in order to protect . 
them from the reverse fire of the enemy on the liilK 


prevent the latter from being furrowed by the stream. ' summit of the hill and passing through the crestof the 
It is reckoned that one man may (in easy soil) dig up parapet towards the interior. Will meet otie at eight feet 
eight cubic yards per diem of eight hours’ work; but above the ground ; and at the spot thus formed the' 
this is the case only when the exc&yation 19 near the traverse must be raised: then all the space between the 
surface, and that one throw will project the earth into parapet and the traverse Will be defiladed by the former, 
the mass of the parapet : when digging rather deeply and. and such a height must be given to the latter as will 
in & strong soil, the average quantity of work is six defilade (he part in its rear. .This height maybe found 
cubic yards per man ; and frequently only three or four as that of the parapet was found in the former case. If 
yards per man, when it fs necessary to place a relay the height which can be given to the traverse should not 
upon the berm. suffice to defilade the whole of the terrtpfciu in i(a rear, 

When a work is not commanded by any eminence 
within range of musketry or artillery, the plane of 
site may be considered as . horizontal* and as coinciding 
with the ground on which the work is constructed ; and 
no greater height need be given to the parapets than 
will suffice to conceal the interior from an enemy stand- 
ing on the same leyel plane. But should the enemy be For this purpose the visual ray which determines the 
enabled, from any position possessing superior elefa- height of the first parapet or traverse must be directed 
tiun, to direct a plunging fire into the interior of a work from the enemy’s fire-arm on the hill* not 1 to a point 
having only the relief above supposed, it is evident, that eight feet above (tie terreplein of the work, bur 10 one 
to render such a work habitable, it would be necessary eight feet above that of the banquette on. which those 
to raise the parapets pn the side next to the enemy until , defenders are placed: (he relief of the; parapet on this 
they should conceal the terreplein from his view. In .side having been previously determined by the command 
determining the^ heights which should be given to the * which it ought to have over the ground before it* 
parapets, that they may thus coyer the interior, consists \ If such a work as a redan or a,bastk)h presents Its 
the. Art of Defilading: which, for permanent fortifica- salient angle to the rising ground /from which it is to 
tionsi, requires that accurate profiles of the' ground be* defiladed, the height of the parapet fit that angle 
within and about the she of live intended works should must bedetemiined, as before, by two Visual rays, ' 
be taken* tagging: over it in various directions with the directed' to points eight' feet above 'the ground at the 
spirit level, These profiles’ enable’ the engineer, to lateral extremities of the: gorge*; and; the- crests of the 
determine the height of .the several' inequalities of the parapetsofthfi two fates maybe In 4 ' plane of defile* : 
groqnd wjth relation. to tin imaginary plane, of rite pass- meht witb whkh^dhoee Visual ra^'dolnd^e- Should 
ing obliquely to iile horizon through the summits of the such a Work be cothmanded by Mis opposite to both 
commanding height on any one side/ and coinciding faces, the reliefs of the parapHs mlist he determined by 
wfih the terreplein of the work mi the ‘opposite side ; the coincidence of thelr cresMt/with two planes ©fdcfile- 
and thus he has it in his power to compute the efeva- merit Which Intersect each other in the interior of the 
lions whfeii his parapet jshbuld haVie abovtftbcground . Warty at eight .feet aboveth* terreplein, and pass through 
whereon they. are .to be. raised^; in order that they may ' Mtpitaus of theKilW; and at the, line oflntenscction 
posses# tht same command ovefthe oblique plane that? 'll traverse must be raised, the height of which may be 
they . should have jbfid over k horizontal plane if hot;; found by visual rays directed to points, each situated at 
eommah^dr But in Firid' Fortification, where the'/rigfht feet a^oVfi the banqnette, from the hills in front of 
haste of t^e service renders such level lings >nd coinpu- j bpposiU acCs, This traverse shohld pass through the 

lotions iihppssibfe* it is necessriry to have r^cOurse to a/ salient angle .of Uie work, mat it ^m'ay defilade the whole 
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Fortifier of flw interior oneach side of It ; but its tracing on the 
tioi^j ground istwtnecefriirily rectilinear. If the two plarfas 
**~t^*- of defilement should not intersect one another above 
. the icrtepleirt of the., work/ two traverses must be raised 
« where those planes respectively approucb -Within eight 
fact of the terreplein. Let it be observed, in ike last 
; place, that when a Work.ia entirely surrounded by 
heights it may, .with most facility, be defiladed by a pair 
• ■ of traverses crossing each other in the interior. 

Formstioa - Earth wilt not support itself at the interior slope upoti 
so entail a base as it is necessary to give it so that the 
*" trQppa may approach ,thc parapet with ease when firing. 

It is therefore requisite to revel that slope j and this V 
.Usually done with fascines, hurdles, sods, or eand»lj>ag6. 
with fas- fascines have been already described under the head of 
siege operations. When employed to form a revetment 
for the interior of works* the fascines or, saucissons are 
disposed horizontally; the first is half, buried, in the 
banquette and is fixed by three pickets driven in with <t 
mallet : these pickets are three feet long. The second 
tow of fascines is placed rather within the top of the . 
first, in conformity with the required slope, taking care 
to fasten each fascine with three pickets or stakes, tfife 
two extreme ones being driven through the fascines 
underneath in the direction of the slope, and- the third in 
o direction perpendicular to the slope, in order to connect 
the revetment strongly with the soil. The Austrians 
substitute for the last-mentioned picket' a strong twig 
with a hook at one eml like an anchor, which embraces 
the whole fascine, and is then .fastened at the other end 
to a stake driven into tfie mass of the parapet, and 
covered over with earth i this gives great solidity to the. 
revetment. Fascines are laid in the same manner as 
bricks or stones in buildings, with the ends of one 
course over the centres of the other ; and at the angles 
they mustj be twisted round to avoid any disj cincture. 
When five courses of fascines or saucissons have been 
laid down, the upper course nearly reaches, the crest of 
the work ; this may then be covered with sods laid flat, 
with the grass uppermost, to connect them with the earth 
of the parapet. The exterior slopes pf parapets also are 
sometimes, revetted with fascines, When great stability is 
required ; but in thiscose the fasciries should lie in ver- 
tical planes against the slope, with the lower ends fixed 
in the ground at the foot, lest the eftem y should use 
them as steps tb ascend, the parapet. A sort of hurdle 
revetment also is sometimes formed by planting strong 
pickets in the direction of the slope, and* then weaving 
or interlacing flexible branches round them. These 
branches are fastened at the top of the revetment to the 
heads of the pickets; in order that the hurdling may not 
detach itsfclf from the parapet/ 

When sods are used for revetting, they are cut jo a 
rectangular shape, two feet long, one foot broadband 
six inches thick. They are laid" by headers and 
stretchers, ends over centres, and 'grass undermost. 
This last precaution is necessary, in order that they vntf 
v ‘ & flat,- and that they may the more easily be pored with 
the Spade when the revetment is built ; and a stake 
dbght to be driven through each sod ; to fasten it to those 
which live underneath. To ensure solidity the revetment 
should fts built only in proportion as the work itself 
advance^ 'ear* being taken to ram the earth well against 
the inferior sides of* the sods- ' When the revetment is 
finished, all the rough ends of the sods are shaved off 
With? a spade having Sts edge formed in ait arc of 3 
circle^ and sharpened that U may cut off the roots more 
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eksityi The sod, revetment niay he executed with' the 
greatest peifycifto* ; -and it, is always employed in rate* 
ference tq any Other where nicety is required. One 
man may lay sixteen/ square, yards of sod revetment 
peYdiem of eight bours\wdirk, when; he hks the sods 
ready at, barn}, The interior, of a w^rli is also some- 
times revetted with what are called fishd-bags : these 
are sacks .which, when filled with earth, ate. about two 
fact long, one fopt broad, and seven . inches ttiiek ; they 
aro dis|keed in horizontal courses with their sides and 
ends foJowing each ether alternately in each course like 
. bricks in a wall ; and the usual precautions are tjsken to 
break joint, or. that the junction . of every two. bags it* 
one course shall he over the middle of a bag in the 
course below it. This kind of revetment' }g r however, 
objectionable, being liable to be washed down by heavy 
rains 5 and unless well tarred, the bags burst when very 
wet. But it often happens that thefoars neither woods 
nor meadows in the. neighbourhood from Which fascines 
or turf oan be extracted. In such cases the flooring of 
. the nearest houses may be taken op and the materials 
used for the revetments. If this means be also wanting, 
a kind of mortar may '"be made by mixing the most 
binding earth that can be found with chopped straw, &c. ; 
and this being wetted and well rammed will have such 
tenacity, as to allow the required inclination to be given 
to the parapet. In no case must, the revetment be made 
of either bfasoury or loose stones. The splinters which 
the shot would produce on such revetments, ate more to 
be apprehended than the shot themselves ; because as 
they fly in every direction, there are no means offinding 
shelter from them. ) 

The slopes of the parapet ore not those which alone 
require a revetment: the earth on the escarp of the 
ditch, in some cases, requires support; as when, the 
work being of importance, the soil is not Sufficiently stiff 
to remain at a slope the base of which is One-half or one- 
third of its height. The escarps of works have some- 
times been revetterif with trunks of trees’ placed horizou- 
1 tally ; but, disposed in this way, they oiler facilities to 
the escalade, .being somewhat like a flight of steps. It 
would therefore be better to place the trunks contiguously, 
and on their cuds, with a gentle inclination towards 
the work. But the best mode of all is to revet with 
; Btropg planks suppoYted by frames, the ends of which 
are buried in the earth. The figure will sufficiently 
show the nature of this contrivance without further. ex- 
planation. It must nevertheless be Remarked to the 
disadvantage of this carpentry work that, as the tie 
beams necessarily run into the natural ground/ the 
parapet cannot be modelled before the nrtetment is 
finished ; it therefore follows that the earth , must be 
heaped up at a distance from the'berm, tilji it .can be 
used ih building the parapet. .This may be considered 
as aii argument that revetments of the escarp scarcely 
belong to field fortifications properly 90* called, but rather 
r - to those of t\ mixed.' nature. * 

Wlicu carmop are placed iq,a field-work, care must be 
liken to avoid as muclV possible making embrasures 
oir port-holes ini the parapef for the Caution to fire through', 
as they w&frtn the parapet considerably, are marks for 
the enemy's shot, and facilitate bis entrance into the 
work at the time of thaas^ult : the small opening' which, 
ft is allowed to give them, moreover, limits exceedingly 
tli^ space through which the guns sboqW traverae. . it 
wotijd generally to 'preferable therefore that the artillery 
. •‘$#4 ** that it ftmy fire tjm, f*xap«t» 
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The mass of Mfrter feiartftefa' ibtown iip for this object 
is called a brnbette, its sqrfece ought to he wfcoifi two 
feetapd a jhsff belief tor the pttfopief; hot its 

extent wilt depen^mion tbe number of guns for which 
it may fee field piece with jts^purt^anofti 

requires a spf&e of about eighteen test bf fifteen# Hence 
the platfonjn or terreplein of the barbette destined to 
contain onegtm, will be a rectangle having its length, in 
v a direction parallel to the parapet, equal to fifteen feet ; 
and, in a direction perpendicular to it; .eighteen feet. The 
ascent to the terreplcins of barbettes is inede hy ramps 
or inclined planes, the .base of which sbotdd bd equal 
to six times their height; And their brekdlh isobvfously 
regulated by the length of axletree of the gun-carriages 
which are to ^jaa# over them. It is "noi unusual to pro- 
vide against me; danger of a side or enfilade fire, by 
erecting on ea^ side of the guns a traverse : six feet 
high at least : and intuder that these shall occupy the 
least possible space, H ts usual to make them of gabions 
filled with earth, placed in two or three rows on the 
terreplein, and having two courses in height. Gabions 
have already been described in the attack of fortresses ; 
when used for traverses, and generally for retrenchments, 
they should be three foet high and two feet in diameter. 

The entrance into a field* work is cut through the .pa- 
rapet, and the sides are kept as steep as possible to 
diminish the exposure of the Interior of the work. Tile 
entrance is not made, wider than is absolutely necessary 
to afford a passage . for the cannon ; and it is dosed by 
a barrier or cAcval-dc-frixe. A chevaJ-de-frise is a beam br 
prism of timber, the section of which Is either a square 
or hexagon, with spears passed through it* It may 
here be remarked, by the way, that for the defence of 
works, chevaux-de-frtse are also placed on the berms in 
the ditches, or oil the exterior. They ore placed in line, 
and are linked together by means contrived for the pur- 
pose at each of their ends." The prism is usually about 
. twelve feet long. The spears or staves ate oboiit six 
feet long and two inches in diameter, and are made 
either round or square. This is rather a complicated 
machine, and one which Would require proper materials 
for its construction, and artificers accustomed to that kind' 
of work. The facility also with which chevaux-de-frise are 
destroyed by a few rounds of artijJery, haa caused them 
to be disused of late : so that they are ho’ longer carried 
about with armies, and are scarcely ever employed but 
as barriers at the entrances of a field-work. The required 
communication between the counterscarp and such en- 
trances is made by throwing four or five beams across 
the ditch, and placing boards or planks transversely over 
them. la a moment of danger these arc pulled aWay,. 
and converted Jf necessary into means of* strengthening 
the entrance barrier. Wjheq file ditch is more thaq . 
twelve feet; widens trestle hmy be placed in the middle, 
to support the beams, ft foay .Sometimes* happen that 
tlie bridge is upwards ohwenty or twenty-four feet long $ 
in these cases more trestles must be eroplb^di tmd care 
must betokenoot to, place "them £t A greater; distance 
from tWelva feet.' It V absolutely 

ncccssarythaV the^o^d^rof uliekbwork should m some 
wey pr other be sfiSlteitd bpthf fifofii damage by ram 
and by thc ' felt bf shells., "therefore fime and ■ 

mefos; jnre>lWw'^a : >pRiH<^rbof magkiDe'inay be 
eoniAMefe^M.;m tppropriaitf /part ' w fite Work: for 
instance* mfim the tnass of i1arjg^;Uftyersd, ( J But; 
should t kese be wantinff, a gocri prja^ibe, and o ' 

has often hedtt ; tried uritfc success, in bury tlie powder 

' ' t .S-J" \ - s *;/‘ *'■ 1 ■ 
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in the rasas of tbo parapet, having {foccd it in any jft&fie*' 
corntnon box which may hove served for the transport of ' ton* ; ' . 
auiTnanilioivthe cover side serving as a 'door, to which s * m * i ** i - 
a lockmay be" put if one is at hand ; btit whether or 
not, a sehtry is placed near it-to prevent eoddents. 


; • , . . CHAPTEtt VJt. : 

Onthe Meant if, adding td'Hif Strength of Field-work*. 

l 11 * r T *’ * ' • 

The ditches, of field-works* being usually of ati jn- 
considerable depth, can hardly be regarded as efficient 
meaqs of stopping an enemy: for if they are but six 
feet deep, (and the haste with which such works are 
usuatly thfown up will rarely permit them to he deeper,) 
he will easily jump into them, loaded as be may be with 
arms and knapsack. Tbe dead angles also of (hope 
ditches, where tfie enemy will be perfectly secure, wilt’ 
give him time ,to breathe, rally> and form for the assault. 

It is therefore necessary to place obstacle^ upon tho 
approaches to those points. No w’ as the salients .are in 
all workb the weakest . points, all th£ resources of art 
must be employed to retard or arrest the enemy*a nuunch \ 
towards them, to throw him into disorder, ami keep hint' 
a long time ‘under the fire of the work. The best of Abatti*. 
all obstacles Is an abatli* : which* is a barrier formed of Sw fig. 21 
strong interlaced branches of trees stripped . of their 
leaves and smaller parts, sharpened at their extremkies, . . 
and present lag outwards a cluster of points. Tliey are 
fastened to file ground at tlte thick end, and screened 
from the enemy's sight by an advanced glacis,* the slope 
of which is upon the prolongation of foe crest qf the 
parapet ; the earth requisite, for the purpose k taken 
from behind it upon the production of the slope of . the 
original glacis. Trees or branches thus placed can 
with difficulty, be removed by hand; and cannon shot 
produces but little effect in deranging them : the only- 
effectual method therefore of destroying them would be 
to set them on fire. Trvuitde-fayp axe excavations in Trousd* 
the form ofia verted cones or inverted pyrartiids, six feet luup. 
deep and six feet wide at top ; they are placed in chequer 
and sit feet asunder, and are' sometimes covered with - 
furze or light branches, to conceal them from the 9 tght 
of the enemy. Trou»-de-!oup are excellent means of 
arresting the march and breaking the ranks, of the 
assailants. The earth resulting from the excavation 
being piled up vh the sides, fenders the ground exceed- 
ingly uiieven, and prevetU& the formation of any kind of 
order, m the attack s but, as it is attended with ^ihe evil 
.of raising the. grdun^ twpor ihfee feefc trou« d^ ioui> " 

arc only' admirable where* the partafete Cf file works 

have o domfoand qf severi^ eight foet over die country : 
bllterwifoy it fe necessary so ! to steew th© earth about as 
to ^ r !®l «o ^fevaUdn/" AtUto bottoids of these 

nqlasatowig flakes ara drt^n ra. with sharp points up- 
wsrds^; their use is to pfpyent 4 the enemy from taking 
boYCjr in thfpi agai^st thc^re of the works. It is tkougiit 
however that active fmimm’ would make use of them as 
qptajty finite ^hlii ivhkh they might pick off nil who ■ 
ahowd'show thck ^eads above the parapet. Trous-dc- 
iQit&mtif be ^npibyed In several cases : as first, in front 
qf jfives, to render their access more difficult and retard 
; Ufo march, of the attackiug columns. . Secondly, against 
Cavalry wlten any particular pari pf a front requires to , ■ ■ 
be screened from its attack. And lastly, (toy do V ernpii^^, 




ForUficiv;- them strongly^to be employed iii thbbot-, 

tlo n * ^ toro&oflbe ditches of field-works . ; f , . ; 

v ,^3v ' w feet ore, pieces of iron with four points diverge 
Crews wet* feoro a centre, and so mode that whichever way .the 
v"; - \ ipifiss falls, one point will always be presented upwards* . 
rV, ;J : V r They were formerly very much used, being strewed over 
r— roads where the passage of the enemy's ' cavalry hjq>- 

V* 'C\i. pened to ife unavoidable. Some recommend strewing 

*5 i/.l' k\ them ip. quantities over the glacis or on any of the up- , 
" proacbea to field-works : but for this purpose tbey are 
no\ Bp good an expedient as small pickets or stakes 


Pickets sad 
IuutowV. ! 

Inunda- 
tion*. • 


planted in great numbers, and projecting six op -eight 
i Inches above ground. The harrows used by labourers 
would be of great service, if buried so as to leave vOnly 
their points above ground. # ; ;T . 

Whenever local circumstances permit the ditches Ur 
be filled with wafer to the depth of five or six feet, 
this means of defence should not be 'neglected ; ns 
not only the defect of dead angles will be completely 
remedied, but the enemy will be forced to employ more 
than ordinary means to approach the work. If a Jamal 1 
river or rivulet passes within musket' range of the 
work, the difficulty of access to the latter may be in- 
creased by throwing up some dikes across the course of 
the river, thereby spreading an inundation over the 
adjacent ground. These dikes arc so placed as to be 
enfiladed or flanked by the fire of the work ; and when 
time and workmen are not wonting, the most exposed 
amongst them may be covered or supported by a small 
Ted an to prevent the enemy from arriving at them and - 
draining off the waters of the inundation. Experience 
1 has proved that a good dike should not be higher than 
nine feet : hence, from one dike to another, when several 
are used, the difference of level between them should 


found- This will augment the trouble, but is mrfispenti- Fortifies- 
, able for the goodness of . the wprk. The best way to ti on * 
prevent filtration is to ‘ttqe the inside of the dike with 
clay.' When the dike is ekpoBed tdJrxinnon its! summit 
ought to-be proof, ; that Is, 'about nine olr ten feet thick. 

Its natural slope may be given tom "earth on both 
sides the dike;but for greater perfection, the upper 
slope, that is, the oiieon the flood ship, Should be made 
the gentlest* by giving its base twice' the length of the 
dike's height; to avoid' the shock of the stream /and 
diminish its pressure. ^ 

If after constructing the dike with eArth "according 
to the profile above indicated, the waters were allowed 
to ;rise above it and .flow over the, whole of its length, it 
Would not be long before' the whole dtye m&t . be de- 
stroyed, supposing the current were at all rapid. To avoid 
this . inooOVenience, a space is left eight or ten ' inches 
lower than the rest of the dike, and of sufficient breadth 
to allow, a free passage to all the water of. the stream. 

This part forming a cavity on the top of the dike, and 
constructed more solidly than the rest, is called , the fall 
or deversoir.' This fall is constructed with fascines, that See fig. 22. 
is, after building the dike to a certuiir height, a double 
revetment of well picketed fascines is commenced : this 
revetment must not .only cover the top of the fall and 
the ebb side slope, 'but must extend underneath, forming 
a bed to break the fall of the water and prevent its un- 
dermining the foot of the dike. With respect to length, 
this bed fa made to extend a little beyond each extremity 
of the fall, in order that it may more completely fulfil 
its object. To give greater solidity to the bed of 
fascine^ the tops of the pickets which are driven through 
the mass, may purposely be left a little above ground, 
and have hurdle-work ihterwoven round them. The 


be only four feet and a half, in order that the most pickets or stakes ought to be four feet and a half long, 
shallow parts between two dikes shall not be fordable* The same hurdling might he made on the revetment of 
Therefore, after fixing the place for the first, dike, that the fall ; but if this should appear too : laborious, the 
of the others will depend upon the natural slope of the extremities of the fascines should at aUbventsbe secured . 
waters, which must be determined by levelling, or ascer- by others placed cross wfah and strongly picketed into 
tained by information obtained from the neighbouring the first. The cheeks Of .the foil are likewise revetted 
millers. The level of the second dike will be placed with fasciites, which are" placed at right angles , with 
four feet and a half lower than that of the first; the those of. life top of the fall and picketed into them, 
third as much lower than file second, Wl ; So on wfth . When hny part of the ground about the accesses to 
the rest Hence it follows that thiA kiud of defence fa, tb^ work fa. low and marshy, but, destitute of such cur- 
inapplicable to a mountainous country, , because the rents of running water f as would, permit an inundation 
slopes are too great: it is equally so to acourttry where to-be formed, holed or trenched five or six feet deep and 
the bed of the river is not sufficiently confined, and has as many wjde may be substituted.. These holes and 
its borders too far apart; because the dikes, in this trenches will effectually stop i Hie enemy ; and jfe.wfll bo 
case, would require too considerable a length, which obliged to fill them* up before he can furjrjve^at the 
would entail extraordinary labour in the construction* counterscarp which theyebver. The above-ment^ned 
and difficulty in the defence. . - -■ ^ breadth will be qijite sufficie&to reiider them impassable ‘ 

It is impossible to fix a limit for the length of a dike, for men loaded with arm?. ammunitVo^and knapsacks, 
because its construction. depends upon the niearis at dis^ The earth excavated . must'. Jbie.; cirefirfiyVand evenly 
posal. In some cases a dike one hundred .yards long' strewed about, fcoth toprayefitife forcing smallislands 
would appear a prodigious undertaking: in other cir- which would assist the iifefedfantsy and because y uny: rise 
cumstances the construction of sucl# T A dikewould be. of ground-in the vicinitybF a ficld'wbrSf'jniay be aefri- 
suffiefcn tly practicable. But as neither the profile of i < mefctal, owing i<>M feSett! relief u&affy given Id the 
.dike nor the length of its. fall for the evacuation Or run-; latter. If (he offer jfo the enemy’ 

jKing off of the superfluous water a re dependent upon the faciUty^f d rainmg roe inlmdatifrn or sheet of water. 

Its fei|^aome : details 'Vipon. the subject may be given, ‘ the ’hdlcs and tren<fo^Vab|le meottonedmay b i multi- 
When a dike is not ifabtoto be battered by artillery, a ‘ plied,** ;they .will contain water 1 ; nod beaseriousob-' 
ihickness, at top of fouf feet and a half will suffice, sup- stecle even after the dfluitf ng Is f 

F*W; W d $ e *? * iVniost generally fa, of ; JPaHsade® feBstewogfakro , i^ fa-n-yu - 

«W> tatoew, froth the lower or ebb or rather trunks inf. small 6r foiddte trees, split 
side) and if it be not sufficienfly binding and fair the . into two or fourparfe,>bd genAiiliy ^ut tntci triangular 
water Alter through im proper earth must be brcjjght' ‘prisms having *a*h side six brsrfeihift&es brdadf But 
from they neighbouring counfay wherever , ft may be ; whether they afeused in their nature! round stale or " 
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Forlifica- sawn into prisms or split in two, their efficacy is the 
tiun. same. Their length is nine feet, and they are sharp- 
cm . t ] a t (h e upper extremity. The best place for pali- 
sades is at the foot of the counterscarp : because 
they are there most screened from the enemy's shot, 
and embarrass him most in his attempt to get into 
the ditch* If the palisades were placed contiguously, 
forming a palanquc for the defence of the ditch, it 
would then be necessary to put them at the foot of the 
escarp ; but when merely employed as an obstacle, 
which is most generally the case, they should be placed 
as above mentioned at the foot of the counterscarp. To 
plant palisades, a trench is dug three feet deep, and as 
narrow as possible ; and in it they are placed three or 
four inches asunder. The earth is then well rammed 
down round them so that they shall be firm ; and they 
are united at top by a riband or cross beam, against 
which each palisade is nailed. It would be still better 
if they were likewise fastened at bottom to a cross beam 
buried in the ground, for this would utterly prevent 
them from being torn up separately. 

Fraiw* arc nothing more than palisades placed hori- 
!l "’ “1* zonlally or slightly inclined to the horizon, with their 
points downwards; they arc usually placed upon the 
summit of the escarp, and then, notwithstanding the 
precaution of throwing up a glacis to cover them, they 
are soon destroyed by 1 tie enemy's cannon. Neverthe- 
less great advantage is gained when he can be forced to 
do this: for during the whole time he is so employed, 
his fire, which is ricochet, is returned with interest by 
the artillery of the work with full service charge. The 
inclination given to liaises is intended to prevent the 
gieindes, which are thrown into the ditch, from lodging 
upon them. I 1 ' raises must be placed as nearly conti- 
guous as possible that the enemy may have the more diffi- 
culty in cutting them down with the hatchet, or in saw- 
ing them off. The placing of both palisades and fraises 
is a subject which merits to he well weighed : there 
being instances in which instead of opposing, they have 
contributed to facilitate t lie assault.* The length of the 
fraises ought to be at least ten feet and a half, in order 
that they may project four feet and a half hcyoiul the 
escarp : about one loot and a half rests on the berm ; 
and the remaining four and a half feet arc buried in the 
mass of the parapet. They arc nailed to a cross beam 
: unk into the berm ; and that they may be firmly con- 
nected, another cross beam buried in the parapet unites 
their superior extremities. 

Fougasses are perhaps the best of all means of stop- 
ping the impetuosity of an assailant : but unfortunately 
tliey cannot in every case be employed. When the be- 
sieger is aware that the work is provided with fon gasses, 
and this he should be suffered to know, his timidity nhd 
circumspection will be extreme. Soldiers who have 
once witnessed the springing of one of these small 
mines, are in continual apprehension of explosions; and 
a hidden danger which they cannot anticipate produces 
upon them a much stronger apprehension than they are 
susceptible of feeling at perils of u more serious nature, 
when openly encountered. The effects, indeed, which 
mines produce upon the morale of assailants are perhaps 
the greatest advantage which they afford to the defend- 
ers. To establish a fougass, there should be buried, at 
the depth of a few feet, a box containing three or four 


* See Major He ill’s translation of Col.La Marro’s Defence of 
Dadnjoa. ' - 
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loaded howitzer shells, or else about twenty pounds of Forlifica- 
powder. This box is communicated with by a wooden tion. 
trough, which is likewise buried in the ground, and is d C s- x** 
lined to convey the fire to the charge. In order to place 
it, a narrow trench is dug, of the recpiired depth ; and 
after charging the mine and laying the powder pipe in 
the trough, the lid is carefully fastened down. The 
trench is then filled up again with earth, taking care fo 
ram it down well, and scattering about the surplus on 
the surface. The well or hole which has been excavated 
to contain the obarge, is, after the latter has been placed, 
filled up with stones instead of earth, to render the 
effects of the fougass the more destructive. The trough Seoilg. 21. 
pusses down the counterscarp under the bottom of the 
ditch, through the "thickness of fhc parapet, into the in- 
terior of the work. It is {sometimes made to stretch 
across the ditch, and is then supported by trestles ; but 
this arrangement exposes it to continual accidents. Jf 
the hox containing the charge be likely to remain long * 

under ground, it is necessary to calk and tar it, as well 
«s the trough, to preserve their contents from dump. 

Great care must be taken to guard against precipitation 
when ubont to spring a fougass, otherwise the dilutees 
are that it will explode before the enemy reaches the 
sphere of its effects. Fougasses arc very advantageous 
ai the angles of dead ditches, where they may be placed 
about ten feet asunder; and also at about ten or fifteen 
paces from the ditch, at those points over which the enemy 
is most likely to advance. The chief and perhaps only 
objection to them is that they seldom act at the precise 
moment when the enemy is immediately over them ; unless 
therefore there be placed an abaltisor some such obstacle 
retard him there until the explosion takes place, his 
destruction by this means will be very doubtful. 

When an enemy succeeds in getting into the ditch of Defence of 
a field-work destitute of flanking defences, he is perfectly dead ditch- 
safe from every thing but hand grenades ; and it is not 
always that a supply of these can be commanded. It is 
therefore of importance that means should be employed 
to obviate so great an evil. If the work is a lunette, there Palanques. 
inay be placed a palartque , that is v a row of strong pali- 
sades across the ditch at the angles of the shoulder. 
Loop-holes are of course made at proper distances for the • 
purpose of permitting a cross fire of musketry upon the 
salient. For a square redoubt, the simple pulanques 
above mentioned are inadmissible because theydefend only 
one side. Double palanques are therefore used, which Caponni- 
are placed at two opposite salient angles, so as to sweep 
the whole of the ditch and have a cross fire upon the 
other two remaining angles. The palanques are covered 
at top with thick planking and fascines: and to screen 
them from fire, a bed of earth or manure may be laid 
over the top. A double palanquc, or covered gallery of 
this kind, receives the name of caponmere . The descent 
into this capo 1 micro is effected from the interior of the 
redoubt, by a passage cut underneath the parapet The 
outer extremity of the caponnierc is not made to reach 
the counterscarp; for, if ».so, it would soon afford the 
enemy a safe means of crossing the ditch. A portion 
of the counterscarp is therefore cut away at the. head of 
the caponuifere to isolate the latter. The small width in 
general given to the ditches, and the great quantity of 
timber necessary for the construction of the caponnicres, 
are the reasons of their being seldom employed : they 
are, in fact, u means of defence which cannot be re- 
sorted to, otherwise than in cases where there is plenty 
of time at command, and timber in the neighbourhood. 

2 x 
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Another expedient sometimes adopted, is that of loop* 
’holed galleries underneath the mass of the counterscarp, 
for the purpose of haying a reverse lire along the ditch. 
A communication is made from the interior of Urn work 
into these galleries of reverse fires, by a gallery driven un- 
derneath the bottom of tlie ditch. If the objection to the 
capon nieres, arising from the great. consumption of time 
and timber which their construction demands, be a just 
one, it applies much more strongly to these works which, 
for the same reasons, can be very rarely executed. 

The surest way to support the courage of the defend- 
ers, and consequently to increase the strength of a work, 
is to fucilitatc their means of retreat in case they should 
be overcome ; and thus to procure for them a place of 
refuge, in which they may capitulate upon terms the 
more honourable in proportion as they have defended 
with gallantry the principal work. This may be accom- 
plished by the construction of an interior redoubt, when 
the magnitude of the principal work will permit it. In 
forming such redoubts, care should be taken to dispose 
them in such manner that there shall not be a single 
point within the principal work undiscoverable by their 
fire*; and their size must be adapted to the numbers for 
which they may be required to afford cover. If the 
principal work be one of a considerable extent, the re- 
doubt maybe made with earth, like an ordinary retrench- 
ment, that is, with a parapet and ditch. But then a 
command must be given to it over the parapet of the 
exterior work, in order that the enemy when standing 
upon the parapet of the latter may be .unable to see into 
the redoubt. The best kind of interior redoubt is that 
called a blockhouse, which we are next to describe. 

Blockhouses are a species of retrenchment peculiarly 
adapted to woody countries : because the materials for 
their construction are found upon the spot ; and as these 
countries are mostly mountainous, the enemy cannot 
without much difficulty transport his cannon with him. 
There is besides in such countries difficulty in finding 
a site whereon to construct n work of the ordinary 
uncovered kind, which may not be seen into and com- 
manded by some neighbouring height. The plau of a 
blockhouse is usually that of a rectangle eighteen or 
twenty-four feet wide in the inside : but when it is pos- 
sible to give it greater dimensions, its plan is that of a 
‘cross so that its (ires flank one another mutually. The 
>rofi!e of a blockhouse will vary according us it may be 
iable to an attack of infantry merely, or of infantry 
with artillery. In the former case its sides may con- 
sist simply of rows of contiguous trunks with loop- 
holes made in them three feet asunder. In order that 
the enemy inay not be able to set fire to the block house, 
he must be kept oft* from it by a ditch, the earth of 
which js piled up against the blockhouse as high as 
the loop-holes, and is moreover employed to co\er 
the roof and form also a small glacis round the work. 

' The only difference between a blockhouse intended to 
resist artillery and that which has been just described 
is, that, instead of a single row of contiguous trunks of 
trees or piles, the former is constructed of a double 
row; the interval between them being filled with well- 
rammed earth as high up as the loop-holes, the whole 
composing a wall three feet thick. This work being of 
a more important nature than the preceding one, its 
inside dimension should be twenty-four feet, and the tie 
beams, owing to their length, must be composed of two 
pieces scarfed in the middle, and moreover supported by 
strong stanchions reposing on a groundsill. 


But this description of the mode of erecting block- 
houses, being confined to the usual practice of Euro- 
pean service, would be. incomplete without some refer- 
ence to the peculiar construction and employment of 
similar defences in the forest warfare of North America. 
By the universal expertness of the backwoodsmen of 
that country in the use .of the axe, works of the kind 
are constructed with astonishing rapidity, aud rendered 
capable of op posing a formidable resistance. The 
Americans build their blockhouses, like ordinary log- 
habitations in their new settlements, of thick, horizontal 
trunks of trees, roughly squared ; and several of these 
works, disposed like bastions at the angles of an area, 
in such order as to flank each other, and connected by a 
stockade, or curtain of close palisading of upright trunks 
of trees, loop-holed for musketry, compose a temporary 
field fort of no despicable strength. E veh when artil- 
lery can be brought against these works, their defenders, 
protected by interior traverses of earth, suffer little loss: 
while the. blockhouses and stockades, being formed of 
green timber, do not easily admit of bring breached; 
ami may equally — as was proved in one instance, during 
the last war on the Canadian frontier,**— defy any attempt 
to set them on fire with red-hot shot. Against mere 
musketry or an open assault, it is evident that, if well 
defended, the nature of -such enclosed aud flanked 
buildings can leave a garrison little to tear. -,The Ame- 
rican blockhouses have sometimes an upper story, pro- 
jecting sufficiently over the lower, to afford a plunging- 
fire, through the loop-holed floor, upon the assailants 
at the foot of the walls. 


CHAPTER VII. 

A Hack of Fidd’ works . 

Having detailed the outline and relief of the various 
works thrown up in the field, and having pointed out the 
means by which such works may be rendered most difficult 
of capture, this Essay may appropriately terminate with 
a brief account of the manner in which intreuchmeiits are 
attacked. If they are of little strength and importance, 
and unprovided with artillery, the assault is given with- 
out any previous- cannonading. The light troops sur- 
round the post, directing upon the crest of the parapet a 
shower of bullets, to prevent the defenders from showing 
.themselves, or at least to force them to fire precipitately 
and without aim. If nothing protects the access to the 
counterscarp of the work, the assailants jump into the 
ditch and prepare for the assault; a part of them remain- 
ing upon the counterscarp to keep down the heads of the 
defenders, When the troops have had time to breathe 
' iu the ditch, they give the assault, the men helping one 
another to climb up to the berm ; whence, with a fresh 
effort they rush all together up the exterior slope, fire a 
volley, and then s move at once upon the defenders to 
compel them to surrender. If, instead of the feeble i 1- 
trenchment which we have just supposed, the work to be 
attacked were a large field fort, provided with an inte 
rior redoubt, armed with cannon, and strengthened with 
ubattis, trous de loup, {‘raises, and palisades, destined, iti 
short, for a long defence, the dispositions for attacking it 
would be very different. It must, in the first place, be re- 
connoitred, in order to ascertain, as nearly as possible, 
the nature of the obstacles to be overcome, the number 
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Fortifica- of cannon, and how they are placed, and likewise every 
tion. detail of the ground about the work : in order that the 
— measures taken for the assault may be properly executed 
even at night. Batteries are then constructed; and when 
ready, the howitzers commence ricochetting with shells, 
ploughing np the slopes of the parapets, anddemolishing 
'the fi-aises, disarranging and cutting up the ubattis, dis- 
mounting the artillery, and destroying the troops : while 
the cannon fire with full charge and directly through the 
embrasures, converting the merlons into a heap of rubbish 
and dismounting the guns. When the cannon of the work 
is silenced, the light troops, who until then only occu- 
pied the intervals between the batteries, (not to obstruct 
their tire,) now surround the work, enveloping it in 
cross fires. The infantry, drawn up in as many columns 
as there are salients to the work, move forward, and the 
signal of assault is given. The abattis may arrest the 
progress of the troops uutil a passage be cut through it 
by the hatchets of the pioneers who inarch in front ; 


and whilst this is being effected the battalions with sup- 
ported arms remain exposed to all the fire from the 
work, without being able to answer it. The light troops 
however should, in the mean time, redouble their efforts 
to keep down the enemy’s fire. The obstacle being 
overcome, the columns again move on iu close order ; 
the foremost men throw planks over the troiis-de-loup* 
and prepare the way for the rest; when arrived at the 
counterscarp, the assailauts descend into the ditch ; cut 
away the palisades if there beany; rally ; draw breath ; 
and then rush to the assault, entering through the em- 
brasures or pussing over the parapet. In short, after a 
struggle* more or less protracted, the colours of the as- 
sailants arc planted on the most elevated part of the in- 
trench men t ; the defenders, borne down by numbers, 
have. ceased to resist; and withdrawing into the redoubt, 
there demand a capitulation, which a generous victor 
cannot refuse. 


EXPLANATION 


THE CHIEF TECHNICAL TERMS USED IN MODERN FORTIFICATION. 


Ahattix. A lino of foiled trees with their branches pointed towards 
the enemy, to obstruct his advance. 

Advanced-work. Any defensive construction planed in front of the 
coirriicny. but within range of the artillery of a fortress. 

Approaches. See Ztrp-ags. 

Banquette. A step to enable infantry to fire over a parapet. 

Barbette. Any raised platform to enable cannon to tire Over the 
parapet. 

A principal work in the enceinte of a place, composed of 
two l'aees projecting outwards, and two flanks. 

Batar dealt. A data across the ditch of a fortress, to retain or let off 
tho water nt pleasure. 

Battery. Any area on which cannon, mortars, Sec. are placed to fire 
against the enemy’s works. 

Bcnn. A narrow path left betweeu the parapet and edge of the 
ditch before it. 

B/ndayc. See S p/n) ter- proof. 

Blnt k/wusr. A covered building, generally of wood, for defence, 

Body of t be place. All works within the main ditch. 

Bomb-proof. See Casemates. 

Breaking ground. Commencing the trenches in a siege. 

Cmuoujlet, or Stijler . A small mine formed in the earth between, 
two parallel galleries, to cut off tho retreat of the enemy’s 
miner. 

Capita/, A lino imagined to bisect the projecting angle of any 
work. 

Caponnierc. A screened communication between two works. 

Casemate. A vault of brick nr stone, to cover artillery or to lodge 
troops, generally formed in the mass of the rampart, and always 
made bomb-proof: that is, of sufficient thickness /ml strength 
in tho roof and sides to resist the effect of shells, projected from, 
mortars. 

Cavalier. Any elevated work in the enceinte, of a fortress or in the 
trenches of attack, to give a command over the enemy. 

Chamber of a mine. The excavation which contains tho charge of 
gunpowder. 

Chcvuux de /rise. Obstacles composed of horizontal beams, brhtlud 
with pointed stakes, sword-blades, Ac, 


CircumvaUalion. A line of works drawn round a fortress to exclude 
succour. 

Coffer* A sunken cajionmcre, or trench for defence, generally 
covered, and lined with brick-work. 

Comm and. The height of uno work above another, or above the 
natural ground. 

Cordon. The lioiizontal moulding which usually crowns the revet- 
ment, which see. 

Co u ntcr-ap pi •oath rs. Treu dies os tented during a siege by the de* 
tenders', to out flank those of the enemy. 

Counter-arches. Circular walls connecting the tails of counterf orts,. 
or arches built, in tiers, behind a revetment and between the 
counterforts, to resist the outward pressure of the rampart. See 
Revetment, and 

Counterfort. An interior massive buttress of^brick or stone, to 
strengthen the revetment, which see. 

Counterguurd. An outwork, covering the face of a bastion or r<i* 
„ velin. 

Countermine. A mine used in defence. 

Counterscarp. The exterior side of a ditch. 

. Coiwterxa/tatwn. A line of works to prevent egress from a fortress. 

Cou purrs. Traverses with a ditch in front, formed across tho terre- 
fi/rins or upper surfaces of ramparts. 

Co vi r:-imy. A communication round the works of a place in front 
of the ditch, aud screened by a glacis, which see. 

Crater. The excavation produced in the earth by the explosion of 
a mine. 

CretnaiUire line , or Indented /me. A continuous parapet, forming 
i\ series of alternate branches and crotchets respectively parallel 
to each other. The interior slope of u parapet, when cut so as 
to form short faces alternately parallel anil perpendicular to 
the capital of .the- work, is said to be en crcmm tlere. 

Crest. The highest ridge of a parapet. 

Crown-work. A double hornwork. Sve f lorn work. 

Cunefte. An open drain running along the middle of a larger 
ditch. 

Curtain. The connecting lino of rampart or parapet between two 
projecting works, 

Drad-ang/\ That which is without flanking defence. 
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Fortifica- Deltas. Tho earth thrown out in the act of excavating the ditch, 
tion. Defilade. To screen the interior of a work, by a proper height of 
t parapet, from the fire of the enemy. 

Ditch. The excavation in front of a work, from which the earth to 
form the rampart or parapet is usually obtained. 

Dr mi /u /it, or Half -mono. See Ravelin. 

D? Inched work. Any defensive construction placed heyond artil- 
lery range ftom a fortress. 

Embrasnir. _An opening cut in the parapet for cannon to fire 
through. ' 

Enceinte. The main rampart immediately encircling or surrounding 
the area fortified. 

Enfilade, To sweep the interior of a work by a line of fire parallel 
to its front. 

■ Entrenchment. Any defensive cover' obtained by excavation. 
Kpaulnnent. In strictness, that elevation of earth which forms the 

wings of a battery, and covers the guns in flank : but the term 
is often, though improperly, used to signify the parapet in ge- 
neral of a battery. 

Escarp. The interior side of a ditch. 

Face. A line of rampart, usually forming one side of a projecting 
angle. 

Fu seme. . A large faggot. - 

Fausse-braye. A low rampart t a front of, und formerly attached * 
to, the enceinte, which see. 

Flank. The line of rampart or parapet between the face and gorge 
of. any work, which defends either tliu collateral ground, or 
the fronts of works thereon constructed. 

Ft hhe. A simple redan usually constructed at the foot of a gUci?. 
See Redan. 

F my ass. A .small mine. 

Fritter, See Palisades, 

Q:ihiott. A cylindrical basket open at both ends, planted on tho 
ground to sustain the e.u!h forming a parapet. 

Gabionade. A parapet formed, of full gabions. 

Gallery. Any subterranean passage in mining. 

Glacis. A parapet with a gentle slope terminating on the level t«f 
• the exterior ground. 

Gorge. The interv al between the- rear extremities of a work. 

Hand-grenade. A small shell thrown by hand. 

Horn work. An advanced work composed of two half bastions and 
: a connecting curtain. 

1 hUrcnchmcnt. See Entrenchment. 

Investment. The operation of confining a garrison within its de- 
fences. 

■ Lines. A general term for any long extent of defensive tvoiks. 
Lines of defence , are those supposed to be drawn from the projecting 

angle of a work to the interior extremity of tho flauk which is 
. . to defend it 

■ Jjoop-hofcs. Small apertures cut in walls ur timber work for mus- 
ketry. 

* Lunette. An advanced work in tho shape of a bastion. 

Magistral line*. That which is first traced on the ground, or bn 
paper, to, express the contour of the plan of any work. In Per- 
manent Fortification it is supposed to correspond to *hu cordon 
of the revetment. 

Main-ditch. The principal ditch in a fortress immediately in front 
of the enceinte , which see. 

Merlon . The portion of a parapet between two embrasures. 

Mine.* A subterraneous gallery a ml recess, to contain gunpowder 
fit destroying, by its explosion, tho enemy or his works. 

Sk * p 

. Qrillon. A projection at the shoulder of a bastion, covering the 
flank from exterior observation. 

/■fpulUfQrk. ■■ Any defensive construction between the enceinte, or 
/, 7' itpun rampart, and the ground immediately beyond the ditch, 

PaJdriquo t qt Pahinka. ■ See Stockade. 

Palisades: Rows of strong pointed timbers planted upright iu tho 
earth at small intervals. When not upright, and planted iu 
'*■“ the slopes of parapets, these are termed /raises. 

^Parados. A . thereon for defence against a fire in reverse, or behind. 


Parallel , in a siege, is a trench nearly equidistant in all its length Fortifica- 
•from tho works of the fortress attacked. tion. 

Parapet , or Rrcastwork. The mass of earth which covers the 
fenders from the fire of the assailants in frout. 

Piemen. Small mortars for projecting showers of stones, &c. 

Place of arms. Any area destined for assembling bodies of troops ; 
sometimes the parallels in a siege aro so called. 

Plane of defilement, is supposed to coincide with the crest of a 
work and tho enemy’s tiro arm on the exterior ground. 

Plane of site. The surface of tho ground on which a work is con- 
structed, if not commanded ; when commanded, the plane is 
oblique to the horizon, and passes through the summit of tho 
height. 

Postern. A covered passage through the rampart into the ditch. 

Ramp. An inclined plane for ascent or descent to n work. 

Rum part. Thu mass of earth which encloses and screens the in- 
terior of a work, and on which its artillery and troops are 
placed in the defence. 

Ravelin . A principal out w oik, projecting in front of the curtain 
between two bastions. 

Redan. A work consisting of two faces forming a prejc< ting angle, 
employed to cover troops, or the entrance to a puncipal work ; 
when two or more ate connected by curtains they iorin lines 
of intrenchment. 

Redoubt. Any enclosed work undefended by re-entering or flunking 
angles. Also, urty work constructed within another, to serve 
us a place of retreat for the defenders of the latter. 

Ranh Ini. The mass of earth accumulated from the excavation of 
tliu ditch. 

Rent rant ot Re-entering angle. Any angle of a woik of which the 
veitex points inwardly. 

Rdrrnch merit. Any work const meted in the interior of another 
to prolong its defence. 

Revetment. Any wall sustaining the side of a ditch. 

Rico/ het. A mode of firing artillery, by which the stmt, is ni.iue to 
bftyind along a plane surface. 

Salient angle The projecting angle formed by the f:uv > uf .uiv 
work. Thu ground m front of such angle is in cm., non p.u- 
lauco called the salient of tho woik. 

Sally-part. A gate bc\ond the ditch. 

Sap. The process of executing approaches in siege opeiatious be- 
hind gabions. 

Sauiwm. A long fisvinr, which wold See. Also tho tube, or 
hose containing the gunpowder by which a mine is fired. 

Shaft. Thu vertical descent into a mine. * 

Shtnddvr. The angle formed by ttn face and flank of a weak. 

Splinter-proof i. Winds or co\“"vd building-4 of carpentry m brick- 
work, of sufficient strength for protection against fi.igiuents j> f 
shells, grenades, .Sec. 

Star forts. Woik* enclosing areas and having focus disposed so 
as tc form a series of angles alternately projecting and retiring. 

Stockade, or Falanka* .A row of trunks of trees m stout timbers, 
planted upright, close together, and usually loophMud for 
musketry. 

Tambour. A nmall enclosure of tnnher or brick-work, pierced with 
loop-hole* fo* musketry. Small areas enclosed by parapets 
of earth are also so called. 

Tamp. To close up the t ntrance to the chamber of a mine, so that 
the explosion maj not find vent through the gallery. 

TenuiUe. A low woik in the main ditch of a fortress. 

Ter rep Ivin. Thu Ulterior area of a work ; also tho upper surface 
of a rnmpart. 

Tete-de-ponf. Any work constructed on tho bank of a river with its 
rear hounded by the stream iu order to defend the approaches 
to a bridge. 

Tower-bastion. A tower of stone or brick in tho form and situation 
of a small bastion. 

Traverse , Any mas* of earth across the interior of a- work for pro- 
lectio i against enfilade or ricochet fire. 

Trenches. The excavations madu Iu a siege for cover against the 
fire of ifio fortress. 

Truus*Uc-loup. Hole* or pitfalls with stakes planted at the bottom, 
to obstruct the advance of an assailant. 

SZigsags, or Approach rs. The trenches by which tho besiegers 
advance, in oblique directions, towards the works of the fortress. 
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(1.) It is impossible to contemplate the Naval 
power of England, and not to feel a deep interest in 
its history and growth. Such an inquiry cannot but 
command our attention, mingled up as it is with the 
elements of our political power, and forming the founda- 
tion of all that influence which the name of Britain has 
for so long a period maintained in the World. The 
limits of an Essay, like that upon which wc arc about 
to enter, will not, however, permit us to do more than 
glauce at a subject connected with so many splendid 
names, and so many transcendent events, — with victory 
and conquest in their largest sense, — with civilization 
and the whole train of the useful Arts, — with all that can 
impart an interest to a Nation like our own, and to the 
wide and extended empire of Man. 

(2.) It has been usual to divide our Naval History 
into three periods : the first embracing all that preceded 
the reign of' Henry VIII. ; the second ending with the 
Restoration of Charles II. ; and the last descending 
from the time of the Restoration to the present day. 

(3.) The first ship actually belonging to the Royal 
Navy was the Great Hariy, built by Henry VII, in 
the third year of his reign, at an expense of £14, 000 ; 
this Monarch being the first who thought of raising a 
Naval force sufficient for the service of the State. Prior 
to this our Kings had neither arsenals nor dock-yards ; 
and by the Report of the Commissioners for Revising 
and Digesting the Civil Affairs of the Navy, (1805,) it 
appears, that the permanent Naval force of our Mo- 
mirchs consisted only of fifty-seven vessels, each carry- 
ing twenty-one men and a boy, as well armed and fitted 
for war as the circumstances of the times would permit. 
The Cinque Ports were bound by their Charters to fur- 
nish these vessels annually, free of expense, for fifteen 
days, after receiving forty days’ notice from the Crown. 
Whenever a greater force was required, ships were 
hired from the merchants at home, or from those of 
Dantzic, Hamburg, Lubec, Genoa, and other ports. 

(4.) The Naval power of England began to assume 
a regular and systematic form during the reign of 
Henry VIII. That Monarch formed an Admiralty 
and Navy Board, founded the Trinity House, and 
established the Dock-yards at Deptford, Woolwich,* and 
Portsmouth, t He drew up a code of regulations for 
the Civil government of the Navy, which has formed the 
basis of all the instructions from time to lime issued 
respecting it. Henry appointed several great officers 
for carrying into execution his Naval plans ; viz, a 
Vice-Admiral of England, a Master of the Ordnance, a 
Surveyor of the Marine Causes, a Treasurer, Comptrol- 
ler and General Surveyor of the Victualling department, 
a Clerk of the Ships and Clerk of the Stores. These 
officers were commanded to meet once a* week at an 
Office 6n Tower Hill, to consult together for the good 
order of the Navy, and to report their proceedings 
monthly to the Lord High Admiral. Notwithstanding, 

* Woolwich is called the Mother Dock by Carfiden. 

t b» RKW* there was no mast fajwt-br dry dock, nor ahovfc ' 
]00 shipwrights in this Dock-yard, %w first dry dock was formed 
to 1655. -*. • # . <■ \ f -, 
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however, this approach to a regularly organized system Naval Ar« 
in Naval affairs, the ships belonging to the Crown chittctiue. 
formed only a part of the Naval force employed in time 
of war. The tonnage at this time, according to Mr. 

Derrick’s Mtmoirs of the Navy , amounted to 12,455 
tons, and the mariners aud soldiers to 7730. 

(5.) During the reign of Edward VI. encouragement KdwatdVr, 
was given to the increase of seamen by pieveuting the Encuurn^ 
trade from being carried on in foreign bottoms. The 
fleet at this time was divided into a Bummer Guard * 
and Winter Guard, the former consisting of 2540 tons 
and 1730 men, and the latter of 2150 tons and 1516 
men. The tonnage at the death of this Monarch 
amounted to 1.1,065 tons. 

(6.) During the reign of Mary, the fleet diminished Mary, 
exceedingly. At her death the tonnage amounted only Diminution 
to 7110 tons, and the ships and vessels to; twenty-six. ^ f Navy, 

(7.) Elizabeth attended to the Navy with peculiar Elizabeth, 
care. She ordered a rigid inquiry to be made Into its EncimragCc 
condition and the causes of its late decay. Sb$ com- ^ Navy, 
mandea timber to be preserved for ship-building, caused 
her magazines to be filled with stores, and ordered 
many pieces of brass and iron cannon to be cast. She 
encouraged her merchants to build larger vessels for the 
purpose of being converted into ships of war, when 
necessary ; and what is singular, her Commissioners had 
the power of rating them 50 or 100 tons more than 
their actual admeasurement. To stimulate her cwn Herpewo. 
ship-build 'Mrs, she went to Woolwich to the launching of “/d ***** 
a new ship, and called her by her own name. She * l0ni# 
augmented also the pay of her Naval officers, raised the 
wages of her seamen, and invited to her dominions 
foreigners who were skilled in the Art of Navigation, 

She encouraged, also, the younger branches of her Encourage 
Nobility to enter the Navy, and settled a part of her her Nobilit; 
revenue, amounting to <£9000 a year, towards its ordi- 
nary supply. Sir Francis Drake and Sir John Haw- ftV ^' 
kins, two renowned Commanders, advised the establish- 
ment of a Chest at Chatham for the relief of seamen 
wounded in their Country's service. The proud titles of 
Restorer of the' Naval power and Sovereign of the 
Northern Seas, were hence justly bestowed upon Eliza- 
beth. At the tiineofher death, the Royal Navyconiisted 
of forty-two ships of 17,055 tons burthen, and manned 
by 8346 seamen. The fleet by which the Spanish 
Armada was defeated* consisted of 176 ships carrying. 

14,992 men ; but of these only thirty-foUr ships with 6925 
men belonged to the Crown. In the last twenty-five 
years of the reign of Elizabeth, the Royal Navy was 
almost doubled* The annual expense amounted to 
£30,000. 

(8.) James I. was not negligent of the Navy, in the Jwnes I 
former part of his reign, expending £50,000 annually 
on it, exclusive of timber amounting to £36,000, yearly 
obtained from the Royal forests. According to. Sir 
Walter Raleigh* it was the practice at this time to 
build ships by contract. In 1609 Commissions were ,, - ^ 

appointed lo rectify many ubuses which had insensibly ■ 

Crept into the NaVy. In 1610 the Prince was built, of 
64 guns and 1400 ions burthen, being the largest ship 1 
; - 9 v 
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hitherto constructed in England. “ This Royal ship 
was double built, and most sumptuously adorned within 
' and without, with all manner of curious caiving, paint- 
ing, and rich gilding, being in all respects the greatest 
and goodliest ship that ever was built in England ; and 
this glorious ship the King gave unto his son Henry 
Prince of Wales.* The great work master in building 
this ship was Mr. Phinoas Pelt, sometime Master of 
Arts of Emanuel College in Cambridge. ”f In 1619, 
we find a reference made to the Wardens and Assist- 
ants of the Shipwrights' Company, respecting the sur- 
vey of ships at Deptford ; ami in the Naval Minutes 
of Mr. Popjs it is observed, that 11 the Shipwrights' 
Hall did anciently view and approve of the draught 
of the ships that were to be built for the King, and 
to survey them in the building.'** In 16*20 the King 
in his Speech to the Parliament affirmed, that J*2t), 000 a 
year had been saved in the Naval department ; and in 
16*23 the ordinary expenses of the fleet were reduced 
from about <£'51,000 a year to <£'30,000. At the death 
of King James, the Navy consisted of thirty-three ships, 
measuring 19,400 tons, proving that an augmentation of 
the dimensions of ships had taken place. 

(9.) Sir Walter KaJeigh in his Discourse on the in- 
vention of shipping, and on the improvements that 
had been made therein in the reigns of Elizabeth and 
James, remarks, that “ in my own time the shape of 
our English ships hath been greatly bettered. It is 
not long since," lie continues, “ the striking of the top- 
mast hath been devised. Together with the. chain- 
pump, we have lately added tile bonnet and d ruble r. 
(Sails.) To the courses wo have devised studding 
sails, sprit sails, and top sails. The weighing of 
Anchors b> the capstan is also new. We have fallen 
into consideration of the length of cables, § and by it 
we resist the malice of the greatest winds that cun 
blow. We have, also, raised our second decks.’* These 
ditferent inventions seem to mark an era of active 
mechanical improvement. 

(10.) Thirteen years after Charles I. ascended the 
throne, a fleet of sixty sad was equipped, lie fore the 
Civil War broke out, the K mg built at Woolwich a ship 
called the Sovereign of the Seas. Of this 41 famous 
vessel,” it was said that 44 she measured 12K feet or 
thereabouts, by the keel, her main breadth 48 feet, and 
in height, from the bottom of the keel to the top of her 
lantern, 76 feet.” It is mentioned of her, ns a circum- 
stance worthy of note, that 44 she bore five lanterns, the 
biggest of which would hold ten persons upright.” 
That she had also ,f three flush decks, a forecastle, half- 
deck, quarterdeck, and roundhouse. Her lower decks 
had thirty ports for cannon and domi-cannon ; middle 
tier thirty for cnlverines and demi-cannon ; third tier 
twenty-six for other ordnance, forecastle twelve, and 

* It is mentioned as a remaikablo circumstance, that the 
Prince went at. three o’clock in the morning to her launching, 
and named it after his own dignity. 

f A circumstance worthy of notice hero is, that Mr. Pett, in 
1613, remarked, that he 44 begau to victual all the shipwrights and 
workmen employed.” 

J Mr. Pott was elected and sworn Master of the Shipwrights* 
Company in April 1606, on which occasion, he says, they kept a 
feast sf ttH a great number of their friends, at tho King's Head, in 
New Fish-Street; and by the new Charter, granted in Hi 1 ‘2 for 
incorporating the Shipwrights of England, he was also orduined 
the first Master. 

6 The cables before this time are said to hnve been only 78 
fath ows long; at the present time they are 101 fathoms long. 


two halfdecks have thirteen or fourteen ports, more Naval Ar- 
within board, for murdering pieces, besides ten pieces chite cture. 
of chase ordnance forward, and ten right alt, and many 
loopholes in the cabins for musket-shot. She hath two 
galleries besides, and all of most curious carved work, 
and all the sides of the ship carved with trophies of 
artillery and types of honour, as well belonging to sea 
as laud, with symbols appertaining to Navigation ; also 
their two Sacred Majesties* badges of honour ; arms with 
several angels holding their letters in compartments, all 
which works arc gilded over, and no other colour but 
gold and black. Upon the stern-head a Cupid, or child 
bridling a lion ; upon the bulk-head, right forward, 
stand six statues in sundry postures ; these figures re- 
present Concilium, Cura, Conamen, Vis, Virtus, Vic- 
toria. Upon the hawsers of the. water are four figures, 

Jupiter, Mars, Neptune. Eolus ; on the stern Victory 
in the midst of a frontispiece ; upon the beak-head 
sitteth King Edgar on horseback, trampling on sever. 

Kings.”* 

(1 1.) To this vessel, the largest that, ever hud been This ship 
built in England, and said to have been designed only occasioned 
for splendour and magnificence, some have attributed ^.Vainst nt * 
those loud complaints against Ship-money, which marked ship- 
this Monarch's eventful reign. By building the Sove- money, 
reign of the Sens it is, however, admitted that Charles 
rendered a great service to the Navy, by setting the 
example of increased dimensions, to which all the 
successes of the English over the Dutch in 1653 were 
ascribed. In the year 1633 the Navy consisted ot fifty 
ships,! measuring 23,695 tons, carrying 1430 guns, and 
manned by 9470 men. On the breaking out of the State of 
Rebellion in 1641, the number was reduced to forty-two Royal 
ships, with a burthen of 22,411 tons. Prince liupert Kdv y* 
quitted the Kingdom in 1648 with twenty-five ships, 
none of which ever returned. It has been said that 
Crotnwell could command at the beginning of his 
usurpation only fourteen ships of war, some of which 
carried hut 40 guns. The first frigate was built in 
1649, by Mr. Peter Pett, for a privateer for the Earl 
of Warwick. Mr. Pett adopted the idea from a Fiench 
frigate lie had seen in the Thames. J 

(12.) The vigorous exei lions of Cromwell raised the Common- 
Navy, however, in six years, to 157 ships, cain ing 
4390 gnus and 21,910 seamen, exclusive of the guns k* irt,0,1 s°I 
and men hr four ships then building. Of these, forty- rwKl * c 
six were foreign built, mostly captured in the Dutch 


* “ On tho 14th of May, 1635,” nays Mr. Putt, u I was com- 
manded hy His Majesty to hasten into tho North, to provide and 
prepare the frame-timber, plank, and trec-nnils for file great new 
ship at Woolwich. I left my sons to see the moulds and other 
accessaries shipped in a Newcastlcman, hired on purpose to trans- 
port our provisions and workmen to Newcastle. The frame, as it 
was got reudy, was shipped and sent in Colliers from Newcastle 
and Sunderland. The 21st December, 1635 we laid the keel in 
t lws dock. Shu was launched 13th October, 1637, and named the 
Sovereign of the Seas.'' 

Engravings were made of this ship by Payne, on two plates^ 
joined, 3 feet long, and 2 feet 2 inches high. The original picture' 
is said to have been painted by Vandevelde. 

In the list of the King’s ships for 1633, the armament of the 
Prince Royal is distinguisued by an odd number, namely 55 guns. 

f At the present moment, exactly two hundred years after tho 
date specified above, in a time of profound Peace, ami when mi 
thought of reductions have been made, tlie Navy consist* of 574 
ships. 

I If would appear from Mr. Pett’s monument, in St. Nicholas 
Church, Deptford, that he was the inventor of frigates ; this, how- 
ever, was not the case. 
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War. During the reign of Charles T. the length of 
the keel began to be regarded as an element proper to 
be entered in the official lists ; but at the period now 
under review, the breadth and depth also were inserted. 
In the list for 1652 we find a 100-gun ship first men- 
tioned, anil, singularly enough, called the Sovereign. 
The length of her keel was 127 feet, breadth 46 feet 
fi incites, depth 19 feet 4 inches, and tonnage 1141 
tons.* 

(13) Cromwell was so sensible of the respect paid 
by foreign Slates to the Naval power of this Country, 
that, instead of reducing his Navy at the conclusion of 
the War in 1654, he ordered all the ships to be repaired 
and put into good condition ; he also ordered new ones 
to be built, ami the storehouses and magazines to be 
replenished as in a time of the greatest danger. Sixty 
ships were either built or building between 1646 and 
1653; and the pay of the sailors was raised from 19r. 
to 2 if. a month. Estimates for the maintenance and 
support of the Navy were for the first time laid before 
Parliament, and the Protector obtained an annual grant 
of .£'400,000 for that purpose. During the short and 
feeble Administration of CromwelPs son, the Navy, it 
is probuble, somewhat declined, the funds being diverted 
to various other purposes. 

(14.) There seems some diversity of opinion respect- 
ing the actual amount of the Navy at the time of the 
Restoration. According to some authorities the whole 
lleet consisted but of sixty-five ships and vessels of all 
sizes. Mr. Derrick, however, is inclined to believe the 
a>tual amount to have been 162 ships and vessels,, with 
a tonnage (as stated in Columna Roalrata , p. 251) of 
62,594 Ions. In I he second Dutch War in February, 
1665, it is known Ihe English fleet at sea, and ready for 
sea, consisted of 1 14 sail, besides fire-ships and ketches. 

(15.) According to Mr. Pepys, King Charles II. 
“ possessed a transcendent mystery in all maritime 
affairs/* For ihe first ten years of his reign lie was un- 
doubtedly very intent on augmenting our Naval power. 
He nominated the Duke of York Lord High Admiral ; 
and, by the advice of Mr. Pepys, a Committee was 
appointed, over which the Duke presided, Mr. Pepys 
acting as Secretary. The powers formerly grunted to 
the Admiralty and Navy Board were recalled, the Lord 
High Admiral undertaking the supreme management, 
wilh the aid of three new Commissioners, the Comp- 
troller, the Surveyor, anti the Clerk of the Acts. Seventy- 
six ships of the lino, stored for six months were called 
into active sea pay, besides merchantmen, and a nume- 
rous train of ketches, smacks, yachts, &c., with more than 
12.000 seamen. At this time, also, there were thirty 
new ships building, and an abund&uee of Naval stores, 

(16.) In 1663 and 1664 a stimulus was given to our 
ship-builders by the Dutch and French having built 
ships of two decks, carrying from 60 to 70 guns, ca- 
pable of stowing four mouths' provisions, and having 
their lower guns four feet above the water. The 
English frigates at this time were what was then 
called “ Dunkirk built,” narrow and sharp vessels, and 
hence incapable of carrying their gans little more than 
three feet above the water, and only ten weeks’ pro\i- 
sions. Sir Anthony Deane, a keen observer of Naval 
affairs, and the most accomplished ship-builder at that 
time in England, endeavoured to correct these defects, by 


* In the link of the Navy for 1651, the armament of the Revo- 
lution was <lititingi ashed by ua odd number, via. 85 guns. 
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causing two ships to be built capable of carrying s jx v chlt « c U «re. 
months’ provisions, and having their guns 4k feet above , " ^ 

the water. Charge for 

(17.) From 1660* to 1670 the charge of the Navy, theKavy * 
according to the Lord Keeper Bridgman, had never 
amounted to less than £500,000 a \ ear. It is remark- 
able, however, that, in 1665, Lord C larendon told Ihe 
Parliament that the Naval and Military stores were 
entirely exhausted. This is one among many instances 
of the conflicting testimonies met wilh in the Public 
Accounts of the Country, of which our own day is not 
without Examples. 

(18.) In 1673 Ihe 

ami from that time until May 1679. the atfairs of the 
Admiralty were managed by the King himself. The 
vicious habits of this Monarch wasted in dissipnfmti 
those sums which ought to have been employed in main- 
taining the Navy; and so sensible was the Parliament 
of this, that £300,000 was not voted for the Nava! service 
in 1675, without making particular restrictions respect- 
ing the appropriation of the money. In 1677, also, 
£586,000, voted for the building of thirty ships, was 
subjected to like injunctions. From 1672 to 16s4, the B 

affairs of the Navy were managed by a Commission, 
but so badly were they conducted, that the Naval force simi. 
at sea had declined to twenty-two ships, none of which 
were larger than a fourth -rate ; whilst the vessels in 
harbour were totally unfit for service, and falling lapidly 
into decay. Several of the ships had been reported by 
the Navy Board to be in danger of sinking at their 
moorings. The magazines of stores were also reduced 
1o less than £5000 \alue. Sir Anthony Deane, one of 
the Commissioners of the Navy, resigned in 16S0 or 
1681, foreseeing the condition to which the Navy would 
be reduced. In I6S4 the Duke resumed the manage- 
ment of Naval affaire, assisted by the able advice of 
Mr. Pepys, but the ships continued to decline till the 
King's decease. 

(19.) It is remarkable, however, and the circum- James II. 
stance ought to operate as a salutary caul ion in every 
after Age, that the power and energy of the Duke could 
not arrest this declension ; nor for a whole year after he 
had become King, could he, with the whole weight of 
his new authority, check the progressive decay, lie 
resolved therefore to suspend all the ordinary modes by 
which the business of the Navy hail been conducted by 
the Navy Board, and to call into his aid other persons, 
on whose experience and industry he could rely. These 
lie joined to a select number of the old Commissioners, 
in effecting his work of reformation. A part of these 
members, six in number, was required to sit constantly 
at the Board, and among them was the able and con- 
scientious Sir Anthony Deane. Three members of the 
Board superintended tho Dock-yards at Chatham, Ports- 
mouth, and Woolwich, and the remainder, with the aid 
of Lord Falkland, were occupied in adjusting the ac 
counts. Of these Commissioners, Mr. Pepys has re- 
marked, “ That they were men possessing u practised 
knowledge of every part of the works and methods of 
the Navy, both at the Board and in the Yards ; a general 
mastery in the business of accounts, vigour of mind, 
und improved industry and integrity qualities, we 
would add, which, in every Age, cannot but be of the 
first importance to the public service. 

* In 1660 the Dutch gave his Majesty & yacht culled the Mary. 

This is the earliest time at which the name Yacht m to be iouud 
in out Naval records. 

2 y 2 


332 


Naval Ar- 
chitect (i re. 


I1141U1 y 
into decay 
id ihe 
Na\y. 


Arran ce- 
ments of 
stores. 


I »ri j«rr*\ #•«! 
condition 
ol tin* 

A .11 y. 


A\ ill i im 
und Mary. 


Several 
large slops 
built 


Duck-yards 


Infernal 
much 1 ues. 


Ann*. 


M A VAT. A tt C II IT E C T U II K. 


(20 ) The first inquiry of ihe new Commissioners was 
into the rapid decay of the (flirty ships voted to he lmilt 
m J677. Some of these vessels weie completed the fol- 
lowing year, hut others not until IGS2 ; and it appeared 
that their decay did not result so tniieh fiom the haste 
with winch they had hern built, as trom the omission ot 
the necessary and ordinary precautions for preserving 
them. The labours ol the CmnmKsioners were so 
entirely satisfactory, that on the (lose ot the Commission 
on the 12th of Octohei, 16SS, there remained only three 
ships to he examined of the whole number originally 
proposed to ho rep.med. Added to this, .stores for eight 
months instead ot six were left in the magazines, dis- 
posed in the most admirable order, and ready to he 
applied to the proper ships. The value 1 of the stores 
so hud apait lor each particular ship, together with 
those on hoard the '•hips at m'ji, amounted to above 
The Commissioners also left in store a 
fin (her reserve of wood, hemp, pitch, tar, rosin, c. 111 - 
\ 4 »ss, i 1 fin, and oil, ol above £100,000 \alue ; and more 
new magazines were cieated in the course of tin’s time 
than had ever existed before. Thus the Navy was 
raced /join its feeble and abject state, to 11 degree ot 
piospenly unparalleled in any previous period of its 
liisfoiv. Among other prudent regulations, the Com- 
missioners abolished the irregular supplies of stores 
which the boatswains and carpenters of ships had 
hitherto controlled, and fixed one uniform establishment 
of sea-stores for a slop of each rate. On the abdication 
of King .lames, the Royal Navy consisted of 173 ships, 
having a burthen of 101.S92 tons, mounting 6930 guns, 
ami earning 42,003 men. 

(21.) The Revolution of IGSS, which happily accom- 
plished so many important changes, left the code of Naval 
legulations established by the Commissioners in the pre- 
ceding reign unaltered. The actors in that important 
scene wisely left untouched a system which had produced 
so many important results. Accordingly, an Act was 
passed in the second year of the rcigu of William and 
Mary, for budding seventeen ships of 1100 tons each, 
and earning M> guns; tlnce ot l()f>0 tons, and car- 
rying 7o guns each ; and ten of 900 tons each, car- 
rying GO gnus, making thirty ships in the whole. The 
fu st -mentioned ships had three decks, which mode 
of construction continued till the War of 1756. Ill 
the billowing \ear money was voted for a Dock-yard 
at 1*1 \ mouth, and also for building additional dry and 
wet docks at Portsmouth. In 1693, with a view of 
(renting an abundant stock ol Naval stores, t lie sum of 
£1,926,516 was granted to their Majesties, together 
with £23,10(1 for finishing (lie Naval yard at Plymouth, 
also £ ln,9us for building lour bomb-vessels, and £68,400 
for cousti acting eight tO-gun ships. About tins tunc, 
vessels lulled Machines nr Infcruals were first emploved 
as fuc-ships; their inventor is said to have been M. 
Meesteis. Adv icc-bonls, so called officially, are said to 
have been employed lor the tiist time in 1(51)2, before 
the Rattle ot La Hogue, in older to gain intelligence 
of what was taking place at Brest. 

(22.) At the. accession ot King William, the Roval 
Navy consisted of 173 ships, admeasuring 101 >92 
tons ; and at his death it had augmented to 272 ships, 
with a tonnage of 159,020 tons, the increase being more 
than onc-hulf, both us to the number and the tonnage 
of ships, 

(23.) In the early part, of the reign of Queen 
Anne, the Country was visited by a most desolating 


storm 4 The Navy suffered a great loss, and the House of 
( 'ominous w ith the greatest promptitude addressed her . _ a 

Majesty, desiring her to give immediate directions lor re- ]) t . Sll | a f M1 ^ 
pairing it, and lor building such “ capital” ships as she 8 t oim , 
thought fit. Orders were accordingly given to that 
effect ; blit it is somewhat remarkable, observes Mr. Der- 
rick, that no money was directly voted by the House in 
this reign for the building of ships, though in Novem- 
ber 170.) a sum was granted for ordnance stores, and 
carriages for eight new ships, built in lieu of part ot 
those loM in the great storm. The Navy at this lime Navy very 
w as exceedingly popular, and Ihe many disasters it met pupulM. 
with soiled as a plausible ground for augmenting it. 'Hie 
seamen of the Royal Navy were particularly encouraged, 
the utmost care being taken ot the sick and wounded, 
and piizc-money being speedily paid : regulations which 
came home to the geueious hearts ot the sailors, and 
iuspiied them with new ardour in their Country’s 
cause. The earnestness of the House ol Lords in 
favour ot the well-being of the Navy may lie gathered 
from l lie following extract of an Address of that body in 
March 1707 : 

“ It is a most undoubted marim , that the honour, 
security, and wealth of this Kingdom docs depend upon 
the protection and encouragement of Trade , and the 
improvin'* and right managing its Naval strength. 

Other nations, who wore formerly great and powerful 
at sea , have, by negligence and mismanagement , lost 
their Trade , and hare seen their maritime power en- 
tirely ruined. Therefore U'e do in the. most earnest 
manner hesrrth your Majesty , that the sea affairs may 
always he your first and nh>d. peculiar care” 

At the time of the Queen’s death, in 171 1, the Royal 
Navy consisted of 247 ships, bearing 167,219 tons. 

(24.) hi 17 Ih, the year following the accession of Lrnigo I, 
(j eorge L, a general survey was made of all the stores Survey of 
in the dillercut Dock-yards, which were distributed as st °ren. 
follows : 

At Deptford £90,514 


Woolwich GO, 174 

Chatham 1 86, Hub 

Shcerne.ss 35,216 

Portsmouth 182,076 

Plymouth 10!),H33 


Total ... £661,7 28 


From 1715 to 1721 inclusive, the sum of £1,052, 39!) 
was voted (or extraordinary icpairs and the rebuilding 
of ships. From 31st of March, 1713, to 3 1st of Decem- 
ber, 1721, there were either built or rebuilt thirty-four 
ships of the line, three of which carried 100 guns, and 
twenty-five ships of 40 guns and under. In 1719 new 
dimensions were established for several classes of ships. 
The Navy on the whole declined in this reign in a small 


* This storm w.i, IK* most .tremendous ever known in the History 
of - the World. It It,; m about the middle of November, and did 
not reach its greatest blight until the morning of the 27 th. The 
Kddy stone I.iglilh.M.sc -.as bkn/u dm- u ut this time. A General 
Fast was appointed in e«i w 'picnre of the storm. Tho Queen issued 
.1 Proclamation, orden.ig U1.1i all the widows and families of m, c h 
o dicers and seamen as had polished hy the storm in her Majesty’s 
service, should he entitled to her bounty in the same manner as if 
they had been actually killed in battle. l)e Foe, the author of 
ff.iAiMcti Cnnoe, was suffering in Newgate at this time, and com- 
posed the Sturm, being a collection of the most remaikable casual- 
ties which happened in this gieut tempest. 
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Naval Ar- degree, and at the death of the King consisted of the 
clntecture. blowing* ships : 


Rules or Classes. Guns. 

Number. 

Burthen in Tons. 

1st . . 


7 

12,945 

2(1 ... 

90 

13 

20,12:5 

3d . . 

80 

16 

21,122 

,, . . i 

70 

24 

20,836 

4 th . 


18 

16,925 

,, . . . 


46 

33,829 

Ships 

of the line . . . . 

124 

131,782 

or 40 

guns and unde 

r 109 

3t),080 



233 

170,862 


George II. 

General 
survey of 
stores. 


Alteration 
of ships* 
guns. 


Scheme of 
dimensions 
and scant- 
lings. 


Notwithstanding the decrease of number, there is still 
an increase of tonnage, showing that a gradual augmen- 
tation of magnitude was insensibly taking place. 

(25.) George II. ascended the throne iu 1728, and 
on the 31st of July of that year, another general survey 
of stores was made in the several Dock-yards, and the 
total amount found to be <£*636,75(5. For the last six 
years of the preceding reign, no money was \oted for the 
building and repairs of ships, and the same omission took 
place during the first and second years of this reign. A 
ten years’ Peace hud seemed to render any grant un- 
necessary. 

(26.) In 1743, the establishment of ships* guns was 
altered by order of the King and Council \* and in the 
succeeding year all prizes taken by his Majesty’s ships 
were declared by the King’s Proclamation to be the pro- 
perty of the captors for the time to come. 

(27.) In 171 1 or 1715, general complaints were made 
that our ships were not built ot sufficient strength, nor 
their guns carried sufficiently high ubo\e the water. 
They were also said to be very crank, and their weight of 
metal inferior to those of the enemy, whose batteries were 
said to be “always open.'* The Lords Commissioners 
of the Admiralty, theieibre, gave directions to the tlag 
officers, the Surveyor of the Navy, and the master ship- 
wrights of the Dock-yards to prepare a scheme of dimen- 
sions and scantlings, and also a draught fora ship of each 
class; and from these draughts and plans the elements 
then judged to be most correct were deduced. The 


" * In the proposition of the Lords Commissioners of the Admiralty 
fur the foregoing establishment, they mention that •* since the year 
1733, hut especially since 1st Jauuaiy, 1740, the dimensions of 
ships of your Majesty's Navy have been much increased. IVe do 
therefore humbly propose that the number and nature of guns di- 
rected by your Majesty’s Order in Council of 31st January, 1733, 
may he established on such ships of your Hoyal Navy us have 
been ordered to be built or rebuilt since 1st January, 1740, or shall 
be hereafter built or rehuilt, with this exception, that whereas 
the ships of 30 guns are now built of such large dimensions that 
they can eimveniently carry 22 guns of ‘24-pounders upon the lower 
deck, and as many of 12-poutulcrs upon the upper deck, with 4 
guns of G-poundersupoii the quarterdeck, and 2 guns of G -pounders 
upon the forecastle, the same may he established upon them, instead 
of those proposed in the year 1733.” 

By die draughts established for building ships iu 1745, those of 
64 and 58 guns had port-holes for 70 and GO guns us follows : 

G4 to carry 70. 58 to carry GO. 


Lower deck 26 24 

Upper deck 28 26 

Quarterdeck 12 8 

Forecastle 4 2 


70 GO 

These establishments of guns, and the various changes which they 
have undergone in different periods of our Naval History, are well 
worthy of the attention of him who aims at u general und compre- 
hensive view of this important subject. 


ships built according to this establishment were found to Natal Ar- 
carry their guns well, and acquired the name of stiff’ ehitoctur*. 
ships; but they were said to be “fully formed” in their 
after-part. In the War of 1756 some further improve- 
meiits iu the draughts were made, and also a I'm t her 
augmentation of dimensions. The following Table will 
show the progressive additions made to the Navv during 
this reign :* 


Date. 


Ships of the Ships uf 40 gm.s 
line. and upward*. 


December 1st, 1730. . 124 114 


Total. 

238 


January 1st, 1739 . . . 124 104 2*28 

June 25th, 1742 125 146 271 


December 3 1st, 1 744 . 128 174 302 


May 26th, 17 IS 140 199 339 

January 1st, 1750 ... 12G 156 2S2 

January 1st, 1756.. • 142 178 320 


(28.) The reign of George III. was destined to see George III. 
our Naval power rise to unparalleled splendour. At the 
accession of that upright and conscientious Monarch, on 
the 25th of October, 1760, the Royal Navy consisted of State of thu 
127 sail of the line having a burthen of 182,829 tons, Navy, 
and 285 ships ol 50 guns and upwards, with a tonnage 
of 138,275 tons. In the War of 1762 twenty -six sail of 
the line and eighty-two smaller ships anti vessels were 
built in the merchants yards. Twenty-four sail of the 
line and twelve smaller ships also were launched in the 
King’s yards between the declaration of War in 1756 
and the pioclainatiou of Peace in 1763. According to 
Bcatson, tbrly-two sail of the line, French and Spanish, 
together with sixty-nine vessels of 50 guns and under, 
were either taken or destroyed by the English during 
that War. Of these, twenty -one sail of the line were 
added to our Navy. 

(29.) During this War a resolution was wisely adopted 


* A Naval uniform wan first established in 1748 by Gtcirge II 
and, according to Mr. Locker, resulted from a Club of sea officer#, 
who met every Sunday evening at Will*# Coffee-house in Scotland 
Yard, for the purpose of watching over thtir rights and puvdeges; 
and who determined among other matters, “that a iiiiitorm dress 
was useful and necessary for the commissioned officers, agieeable 
to the practice of other nation#. A Committee wus hence appointed 
to wail upon the Duke of Bedford and the Admiralty, und ask, if 
their Lordships approve, that they will be pleased to introduce it to 
his Majesty.*’ 

When it was determined to establish the uniform, Mr. Forbes, 
then Admiial of the Fleet, was summoned to attend the Duke of 
Bedford, and being introduced into un apartment surrounded with 
various dresses, Ins opinion was asked as to the most nppiopnate. 
The Admiral said, red ami blue, or blue and red, as llu-.se are our na- 
tional colours. “ No,” replied his Grace ; “ the King li.is determined 
otherwise. For having seen uiy Duchess riding in the Park h few 
days ago, in a habit of blue faced with white, the diess took tha 
fancy of lm Majesty, who has appointed it for the uniform of the 
Royal Navy.” 

Before 1748, Mr. Locker remarks, “every man dressed an 
seemed good iu his own eyes. Some ot the crack Captains carried 
it so far as to have a special uniform for their own ships. My Lite 
gallant father, who went to sea iu 1746, used to tell us, that l option 
Windham, and all the officers of the Kent of 70 guns, in winch lio 
embarked, wore grey and silver, faced with scuik-t ! Such foppuy, 
however, at that period, was not unfrequently combined with 
check shuts and petticoat trowsers.” 

“In the Hull at Greenwich may he seen,” continues Mr. Locker, 
“every variety of cut and complexion of diess. Nottingham, Ra- 
leigh, and Tonington expand their diguities in courtly costumo 
Lawson, Hannan, and Monk frown iu buff' belts and jet kins. 
Sundwich, Munden, and Benhow shino forth in armour ; whilo 
Hooke, and Russel), and Shovell, the heroes of a softer Age, tire 
clothed in crimson and Lincoln green, surmounted with the flowing 
wig, which then distinguished alike the men of the lube and oi th$ 
sword.” 
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of not building any more 80-gun ships with three dcc.ks, 
or any 70 or 60-gnn ships. Ships of 7*1 and 01 guns on 
two decks were built instead of those of 80 guns, and 
50-gnn ships with a roundhouse, for the accommodation 
of ling officers in time of Peace, instead of ships of 
(JO i;uns. The first 7*1 and 64-gun ships that were 
limit proved too small for their weight of metal, hut 
those eou*-tmcted towards the latter part of the War 
ivere ol larger dimensions. In 1700 very great improve- 
ments were made in Plymouth and Portsmouth Dock- 
yards. 

(30.) In the armament which took place in 1770, in 
consequence of the dispute with Spain respecting the 
Ealklnnd Islands, a large proportion of the ships ordered 
to lie filled for sea weie found \cry defective; and 
had a War of long continuance taken place, the most 
serious consequences might h:i\e ensued. An insufficient 
number of shipwrights in the Dock-yards, together with 
an impioper limitation ol their woiking hours, seemed 
to ha\e been the cause. 

(Ml.) At the coinmcnccmcnt of the A merit an War in 
177.», we had 131 ship*' of the line and 209 vessels of 
5U guns and under. The Navy was augmented with 
every possible lapiditv, particularly with frigates, sloops, 
and other small \cssds. 

(32.) In 1770, the Court of Directors of the East India 
Company passed a resolution to present three ships of 
7 1 guns to the Crown.* The Naval force continued to 
recei\e very rapid augmentations, as well by captures from 
the ci.einy as by building. No evcitions, indeed, it lias 
been remarked, could possibly be deemed extravagant, 
when the activity of our enemies was considered, t 
The supplies voted by Pailiament very far exceeded 
those of any former period. At the signing of the Pre- 
liminaries of Peace in 17S3, there were 174 ships of the 
line, and vessels of 5fi guns and under amounting to 1 13, 
the total tonnage being 500, 7Sl tons. Thus it appears, 
that the Navy at this peiiod exceeded what it was at the 
end of the War in 17(52 by thirty-three sail of the line, 
having a tonnage of 71,070 tons, and of other vessels by 
J .Vi, with a tonnage of 8(1,405 ; making a total increase of 
185 ships, and a total augmentation of tonnage amount- 
ing to 1 57,475 tons. The Picitch, Spanish, and Dutch 
ships taken or destroyed by the English in the course of 
this War amounted to twenty-six sail of the line, and 
sixty-one vessels of 54 guns and under, besides sloops 
and vessels of other kinds. 

(33.) During this War, almost every class of ships of 
44 gnus and under was considerably increased in dimen- 
sions, when any new ones were ordered to be built ; and 

* We are no fuiTids to the privateering system, regarding it as 
little Letter than a heensed system ot‘ plunder and fraud, hut it 
would he ntipropi r to omit m an lustonc.il account like the present, 
a notice of the c'ltruordia.iiy exertions made by tin* trade rs ot Livei* 
jhjoI at this peiiod Amu'diug to Mr. Ciialmeis, (see his EstnmUr 
of the t 'nmfitirattvr Str*'riifth of (if rut Britain,) th it pert alone 
fitted out, at the beginning of the War with France, between the 
2fith of duly, 177S, and the 17th of April ri the follow ing year, 
120 privateers, each armed with hom 10 to 40 guns, but mostly 
with from 14 to 20, From an accurate list, containing the name 
anil appointment of each vessel, it uppenrn that \\wv privateers 
measured 30 7ii7 tons*, carrying lOSrt tans. .mdS7>4 men. 

f The War with Spain commenced in 1770, and with Holland in 
1780. In August, 1 77‘J, the combined Herts of liana* and Spain, 
cmisiMtng of rtxty-six will of the line, besides frigates, \c. entered 
the Channel, and appeared olF Plymouth. This formidable Heet 
was a proof of the immense activity of our enemies in augmenting 
their Naval force during the Pence, mid paiticularly r-o when we 
consider their losses during the preceding War. 


:it the latter end of 1778, the greatest part of the second- Nuval Ar- 
rates were established with eight additional guns for chitecture. 
their quarterdecks, thereby making them 98-gun ships. 

(31.) In June 1783, several masters in the Navy Ships in 
were appointed to superintend the state of the ships in or ^ ,nur >'- 
ordinary at Chatham, Sheerness, Portsmouth, and Ply- 
mouth. In the following year, the Navy Hoard wisely 
ordered that every individual ship built or put into good 
condition, should in future have a large proportion of 
the principal parts of her furniture and stores in readi- 
ness, and duly arranged in store for her, so that the re- 
mainder might not require more time to provide than the 
luces, ii y period for her equipment would admit, however 
shntt that time might be. In addition to this important 
regulation, another originated with Lord Durham, of 
creating an establishment of stoics of a great variety 
of kinds, as general magazines at each Dock-yard, and 
also at the other Naval stations, both at home anil 
abroad. This arrangement resulted probably from the 
difficulties experienced in piocuriiig some articles, and 
the high prices paid for others during the War ; and the 
same, doubtless must have been the ease, in a greater or 
less degree, in most of the preceding Wars. Since 
that time the advantages of the plan have been abun- 
dantly proved. The following 'Fable furnishes an ac- 
count of the value of the principal articles in store at 
the several Dock-yards on the 31st ot December, 17!)2 


Un.ippropiiated. Appiopriut.'il. TuL.l. 

Deptford . . £180,388 .13.8,170 £218.558 

Woolwich. ]fi4, 40fi 25,111 189,550 

Chatham . . 213,305 JG 1,999 378,304 

Sheemcss . 50,(599 2IJ0S 7 1,807 

Portsmouth 317,414 131,210 448,(324 

Plymouth . 32(i,S80 179,259 50fi,139 


Total . £ 1 ,253,092 £559,890 £ 1 ,8 1 2.9S2 

On January 1st, ISO:?, three months after the signing 
of the Preliminaries of Peace, the uiiappmpiiuted stores 
remaining m the magazines at the several Dock-yards 
were as follows : 

Deptford £308,093 

Woolwich (>oo,(»5t# 

Chatham 423,097 

Shuerness 99,400 

Portsmouth 507,243 

Plymouth fill ,8 19 

Total £2,910,908 

On comparing the value of the stores in (he several 
Dock-yards al ill Heientr periods, it will appear, that the 
magazines have been increased in a greater ratio than 
the ships, groat as the increase in the latter has been. 

The confederacy among the Nofiliein Powers, and the 
embargo m the Russian ports, in November 1800, 
would have been attended with the most serious conse- 
quences, had not the magazines been previously well 
stored. This instance alone proves the wisdom of the 
plan, (qd ships were selected in this year, and after- 
wards fitted for the reception of ships’ companies and, 
stores, during die time ships were in dock refitting. P.c- 
viously to thki arraugment, serviceable ships, not in 
good condition, were made use of for the purpose, which 
did them considerable injury. These were denominated 
Receiving ships. 

(35.) Task work was introduced into the Dock-yards Tank and 
in 1775, and job work in 1784. The former of these wurk - 
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Naval Ar- terms applies to new work, and the latter to repairs or 
chiteeture. 0 ld work. These plans were adopted in order to accele- 
rate the work in the Dock-yards, and particularly with 
regard to the shipwrights. When task work was first 
introduced, notwithstanding the plan appeared very ad- 
vantageous to the workmen, it was resisted by the ship- 
wrights; and the reason assigned was that when any 
piece of timber proved defective or unfit for use, after 


■peeling 

ai!up- 

i. 


having been fashioned to its intended shape, no compen- 
sation was provided for the workmanship performed. 
It was at length directed that the workmen should he 
paid a daily rate of wages for the time that might be lost 
in the conversion of unsound materials, and in the per- 
formance of some extra woiks ; it was likewise ordered 


that they should have assistance in the heavy work of 
getting in the beams. Notwithstanding these conces- 
sions, the shipwrights persisted in their refusal to work 
by task until the year 178S, when it is said to have 
been adopted at their own solicitation. Equal reluctance 
was displayed by the uien in adopting job work, blit it 
was finally carried into effect in the same > ear as piece 
work. The first ship repaired by job in Plymouth yard 
was the Gibraltar of SO guns. 

M ig.izini'S. (SO ) In 17S7, it was directed that ships lying’ up in 
good condition should have the works of their magazines 
and store-rooms completed, in older to be the sooner 
I h L :'u-i ready for sea. In 1700, two ships of 110 guns each 

s!l were ordered to he built, of the burthen of 2332 tons. 

These ships were to have 32-poundevs on their mam 
decks. 
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(37.) To give an idea of the prodigious activity which 
prevailed in our Dock-yards when the circumstances of 
the French Revolution compelled us to arm, it may 
he stated that on the 1st of December, 1792, there were 
■mly twelve line of battle •diips in actual commission as 
fighting ships, but by the 1st of September, 1703. that 
number was augmented to seventy-two/ in like man- 
ner, at the former period, there were only thirty ships 
trom 50 to ‘JO guns each in commission ; but at the latter, 
this number was increased to 104. ll was remarked, 
that no delay arose for want of stores, in consequence 
of the important measures adopted at the end of the 
War in 17S3 

(3S.) In 1 7 93, two very important improvements 
took place, viz. the lengthening of ships very con- 
siderably ;+ and the giving 44-gun frigates, and those 
flown to 3:2 guns, four, instead of threc-iuch bot- 
toms. The object of the first change was with a view 
of making them sail better; and of the second, to enable 
them to resist with greater effect any bearing on the 
ground. At this time, it is said, there was scarcely a 
class of ship or vessel whose plan of construction was 
not improved. 

(33.) Iu 1794, the Caledonia of 1*20 guns, and 2602 
tons burthen, was ordered to he built, and to carry 32- 
pnunders on her main deck. This ship seems to have 
communicated an impulse to ship-building ; she was built 
by Sir William Rule. 

In 1797, seamen's wages were raised as foljows: 

£. s. d . £. *. d. 

Able from 1 4 0 to 19 6 per month 

Ordinary; 0 19 0 to 1 3 6 

Landsmen, (a new class) 12 6 


* Oi thuNe, two were or 110 guns, five of 100 guns twenty-ono 
of OS , i ml 00 guns. The total tonnage of shins of the line was 
2:14,13(1 tuns. 

t h0-gim ship, was taken into duck at Portsmouth, 

ami UMjph-.in-.l 17 fevt. ’ 


.T13 

The following Table will show the progressive in- Naval Ar 
crease ol ships ol the line, and ol ships nt ati ..„ns uml ‘hiterime. 
under : r 

Jan. 1. Jan. I. Jan. 1 . Oct. 1 . 

CI . ,,, .. l7 ' r *' 170.1. Ism. 

Ships of the line 143 161 176 iso 

Of f>6 guns and under. . 451 :>3o 027 6st 

Total 599 OtT? stLl S61 

Thus the number of ships and vessels at the con- Gnat in- 
clusion of the War ill October 1 SOI. exceeded the num- 
ber at the close of the War in J7s3 by 217 sail On manlier 

the 1st of August, 1799. the number of ships of the 1,1 ,,ur h,l T s - 
Ime iu commission amounted to 151, which was the 
maximum at any part of the War. Of the ships be- Siiq .ip. 
longing to the enemy, and taken or detroved by the f“» 
English in the course of the War, theic were of the line il 
and down to 54 guns inclusive, 86 ; of 50 guns 3; 
of frigates 206; and of sloops and small vessels 275 ; 
making a grand total of 570. The Knglnli ships taken’ 
or destroyed by the enemy, were of the hue to 51 guns 
inclusive, 5; of 50 guns, I; of (ligates 12; and of 
sloops and small vessels 41 ; making a total of 59. The 
conquests of the English were therefore nearly as ten 
to one when compared with those of the enemy. 

(40.) In 1803, the Country was called on to renew a Koneual of 
War which, it it had been tremendous before, was now ** lL ‘ 11 

calculated to unfold with redoubled hoirots its awful ,MM * 
and desolating effects. On the 1 5th of May, the Royal »»’ 

Navy consisted of 177 ships of the line, ami of 56 guns m | s«»*i ^ 
and under 593, making a total of 770. On the 1st of ami 1 mo;>. 
January 1805, the total amount was 619; and on the 
1st of October of the same year there were in commis- 
sion of the line and to 51 guns inclusive, 121 sail ; of 
frigates 1«>8, and sloops, including hired armed ships 
and vessels, 416; making' a grand total ot 098. It 
was, indeed, a season of t lie most extiaordinary activity* Ju *il iVii»- *" 
anil the most remarkable cneigies were called into uu .ssm. 
action. From 180s to lsl3 there were seldom less 
than from LUO to lUG sail of the line, from 1 30- to 160 
frigates, upwards ol 200 sloops, besides bombs, gun- 
brigs, cutteis, schooners, &c. iu active set vice. To tin's <iic.it mini- 
enormous service were to be added another 500 sail in ,M ' r 1,1 
ordinary, employed as prison, hospital, ami receiving* 
ships, all performing offices tending to make our Naval m?.'i l'i?,! !, y . 
arrn more powerful ami efficient. Thus a thousand 
pendants floated proudly in the wind, the united bur- 
then of the whole amounting to 800,000 or 900,000 
tons. Our wide and extended commerce supplied 
an abundance of prime seamen, and the pcrjiciiial 
activity of our public and privutc yards s rved to 
keep every part of this gigantic machine in the most 
perfect order. A glorious succession of brilliant vie Hrilli.ml 
t ories placed the Naval supremacy of the Couutrv on nsuli*. 
the most transcendent height; and so well was ’this 
superiority maintained, that at the close of the most 
awful and sanguinary War which History had ever 
reeoidcd, the accumulated Navies of the whole World 
bore but a small proportion to ours. 

(41.) These great and transcendent exertions were limin' u* 
aided by corresponding energies on shore. An entire JJ") 1,1 
renovation of the Civil departments of the Navy, and of ^ lt lu 
the mechanical labour iu the Dock-yards, served to mime rm-nt ^ «*f 
new life into a system, which, with even all its energies, the N.ivy. 
had become impaired by corrupt systems of manage" 
ment. Tile period from 1803 marks, indeed, a new 
era in our existence as a Nava! people. The Fail of 
St. Vincent, who had rcndei^d so great .services to his 
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Country by the victory obtained near the Cape which 
tfau* to him his glorious title, not only had the merit of 
trainin'? up a lxnly of first-rate seamen, and introducin'? 
the most effective modes of discipline nt sea, but he also 
directed his keen and scrutinizing eye into the Dock- 
yards at home and abroad. It was evident to every 
Naval man, that there was an extravagant expenditure 
and an improper inode of conducting the public business 
in these great establishments; but it required a mind of 
a fearless cast and of great and comprehensive powers to 
grapple with its multiplied details. Such a man was 
Lord St. Vincent/ Commissioners were appointed to 
inquire into our great Naval establishments; and these 
able men | entered on their important task with a 
boldness and decision which at once removed every 
suspicion of partiality, and neutralized every claim of 
private friendship. They acted as public men ought at 
all times to act, with no other object in view than the 
public good. 

(1*2.) The different Reports of the Commissioners 
related to the Naval Dock-) aids abroad, which it had 
been long suspected were nurseries of extravagance and 
fraud ; to the peculations practised on those splendid 
foundations of charity which the piety and patriotism 
ol former Ages had established for the relief of our 
gallant seamen ; to the supply of blocks for the Navy ; 
to the cooper s contract ; to the subject of prize agency ; 
to the Sixpenny Office; to the frauds in labour at 
our Dot k-yurils,} and to the reporting ships as sound 


* The "NY liter of this Essay, living in the neighbourhood of a 
Naval .irseii.il, when quite u buy, remembers well the deep time of 
indignation manifested by almost every one conmcted with onr 
l)oi*k j aids, when tlnue important and necessary inquiries were 
begun. 

-j The Commissioners were, Vice- \dmhal Sir Charles M. Pole, 
Hail , Kwan f.iw, Esq., John Ford, Ksq.. Captain Henry Nicholls, 
i< N , and \> ilimm Mackworth Fraud, Ksq. 

\ Much »»l" onr successful advancement in the mechanic.il aits 
resolves Used’ into a question of wages. It appears that in our 
Dock vanls, I he daily pay of the art dicers, when first established in 
the. XVI 1th Teiduiy, must have been very considcinUe lor the 
times The settled change in the expense and mode of Ining, how- 
ivei. had led need that pay below what was necessary for their sup- 
poit, and had lemoved every objection to an increase, arising from 
an expectation of a return to the former state of things. When a 
rate of pay becomes insufficient from causes of a sudden and extra- 
ordinary nature, tempoiur) means may Ihj resorted to; hut when 
the cause is permanent, temporizing exjK'dients, so far from being 
useful, generally end in conceding to lnipoitunity more than, if 
gi anted at a proper tune, would have been gratefully received. It 
appears liotn the history of our Dock-yards that many extraordinary 
anomalies have existed in this important paiticular at different 
tunes Previous to the shipwrights were limited in their 

earnings to L\». NJp/ a day in Winter, mid 3* \d in Summer, the 
iimr nf thru' hr i inf rmptnyrrl fin in hath cases , the mnimnn hours 
if i hr i/arif In 1793, on the contrary, their earnings were limited, 
both tor Summer and Winter, to the constaut sum of 4.v. 2r/. 
j«*r d.q , the time when they were employed being increased, by 
i]it*u being leqmred to woik their dinner-time, by which ail hour 
and a half additional 1 ihour was obtained. Hut the common hours 
of woik in Winter Icing fewer than those in Summer, the pay 
should nut have been the same in both seasons In 1794, the 
Sami' limit ot earnings was combined, hut the additional hour anil 
a h.:lf was conceded. This gave an increase of 107. a (lay in 
Summer, ami It 5^7 a day in Winter, beyond the limit of prices 
priorlo 1793 One of the inferences deducihle from these ftlixurd 
arrangements is, that the woikmeu must have lieeu considered as 
capable of earning, by the same exertions, as much in A less time 
ns in a greater. The Commissioners leitiurk, 14 that the men could 
imlv he made to appear to huve earned their full stmt in those 
unequal tunes of labour, by falsifying the Accounts; or, as the 
officers wcie left to propose such prices as they might think tit, by 
their increasing the valuation of the different articles in the same 
proportion as the Navy Board increased the rate of working, or 


that were unsound ;* to our Naval Hospitals ; to the 
Victualling department ; to the receipt and expenditure 
of stores; to the Treasurer of the Navy, which led to 
the resignation and impeachment of Lord Melville ; to 
the issue of Navy bills, and to the purchase of hemp, 
masts, and fir, for the use of the Navy. All these 
Reports reflect the greatest honour on their distinguished 
authors. It required no little perseverance, no little 
fortitude to pursue in all their detail the great ques- 
tions which they embraced. Wrapped up in official 
forms, concealed in all the mystery which men inter- 
ested in perpetual ing frauds know so well how to 
assume, it required a keen and penetrating eye to de- 
tect the evils which a long continuance ol had govern- 
ment had introduced. It was, indeed, time to look into 
our public departments, and when the service of the 
Country required so enormous an expenditure, to see 
that it was properly applied. Tlicie is a natural tend- 
ency in every thing human to become corrupt; and it 
is the part of a wise and good Cioveruiueiit, by rigid and 
wholesome cheeks, to endeavour by every means to 
prevent it. According to Dr. Colquhouu, the different 
Naval charges during the reign of (icorge ill. 
amounted to X'l 1 fi.fit I What a field for pecula- 

tion and fraud must tins enormous sum have a Horded ! 
In the single year 1813, there was expended for Naval 
purposes alone £21,212,011 sterling. 

(13.) It may be proper to remark with regard to 
those Reports which re’ate more particularly to the 
Dock-) arils, that many abuses doubtless arose iiom 
the imperfect regulations and the heterogeneous orders 
from time to lime issued to the officers of the different 
yards The regulations addressed to the officers in the 
XVIlih Century, may have been, and probably were, 
suitable to the then confined slate of the Navy; hut as 
the Navy increased, additional instructions were framed 
to suit its new and more enlarged conditions. These 
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slint or earnings.” The case of the Antelope of 50 guns, built at 
Silverness at this time, afforded a practical example of the tmtli of 
this position. On a comparison of the expense attending tin* per- 
formance of the woiks by job, with the sums which would have 
been allowed if the same works had U'cn peifoimed by task, there 
appeals to have been un excess upon the ai tides performed by job 
of nearly one half. 

* Everyone knows the unfortunate catastrophe that befell the 
excellent ami worthy Flinders. Having entered, as he informs us, 
the great Gulf of Carpentaria, and smveyed all the projecting 
rapes, creeks, hays, and lsluuds of its Eastern side, it became neces- 
sary to calk the ship, when to his great mortification, — and to an 
ardent mind like his, what mortification could lie greater P — the officers 
reported her to he m such a i often state as to lie wholly unfit to en- 
counter lmd weather, and that should she get on shore under Aliy 
unfavourable circumstances, she must immediately go to pieces; 
that she was too far gone to hear heaving down on nny uccouiit; 
hut that in fine weather, nnd barring accident, she might run six 
mouths longer. Flinders however detei mined to complete the sur- 
vey of the Gulf, and at the end of three months, he was compelled 
to make another examination of his vessel at Port Jackson. Here 
the Investigator was found to be so excessively rotten, that she was 
reported *• not worth repairing in any Country, and impossible, in 
tins Country, to be put in a stntj fit for going to sea.” She was, 
therefore, condemned and sold. v 

Who, knowing the sufferings and indignities Flinders afterwards 
endured at Port Louis, but will place them to the account of the 
careless and ignorant officers who surveyed the “ North Country 
built ship of 33 1 tons" in which he sailed? The Governor, IX) 
Caen, treated him as an impostor and a spy ; seized all his books, 
payers, and chuits; placed him in a miserable chamber containing 
only a truckle bed without curtains, a small table, nnd a rush-bot- 
tomed chair, with a grenadier in the room to watch over him. In 
this miserable way this viituous and excellent officer remained a 
close prisoner for nearly four months. 
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Naval Ar- were often found to be contradictory, and in many in- 
chiterturv. stances the regulations of the different yards disagreed. 

1 Earl Howe and Sir Charles Middleton, when they pre- 
sided at the Admiralty and Navy Hoards saw the ne- 
cessity of revising and digesting these orders, and the 
latter hud made some progress in so useful a work 
when he quilled office, lienee the Commissioners re- 
commended that no time should be lost in reviewing 
what had been done, in order that the. Civil departments 
of the Navy might, in future, be conducted with order, 
regularity, and economy. 

Consc- (44.) The depriving, by successive regulations, the 

qucni'e <>r master shipwrights, their assistants, the foremen, and 
tin 1 * master ^ le quurtcrincn of the privilege of taking apprentices, 
shipwrights, s «oii led to some remarkable results. Parents no longer 
A. ■. of ta king thought of sending sons to the Dock-yards who had 
apprentices, received any tincture of a liberal education, since the 
oidy persons they could he bound to in order to learn 
the practice of ship-building were the working ship- 
wrights ; and even some regulations were made respect- 
ing the privilege these men enjojed, which had a tend- 
ency to lessen the attention they might be expected to 
give to instruction. The natural result hence followed, 
that only the very lowest class of the people, and those 
least likely to have received any education, were induced 
to enter the Dock-yards. In such a state of things it 
was hardly to be imagined the superior officers of the 
yard would feel any interest in the advancement of 
young men. Accordingly we find in the Report of 
Naval Revision, “ that not one of the apprentices en- 
tered in this way had been brought into the mould 
lolls," where the drawings for ships are executed, and 
where something like an approach to the principles of 
the Art might he attained. The reason assigned was, 
none of the apprentices could be found ot suitable 
education;* so that being without the means of im- 
provement in the Dock-yards, they could not but 
remain in the same state of ignorance as when their 
apprenticeship began. It cau scarcely be neces- 
sary to add,” continue the Commissioners, “ that un- 
less this part of the present system shall be altered, 
even good working shipwrights will hardly be found in 
our Dock-yards; and it would be vain to expect order 
and regularity in the conduct of the business, accuracy 
in the accounts, or professional skill in those who must, 
at no great distance of time, come, of course, to be 
intrusted w'th the management of every thing respecting* 
the construction of the ships by which this Country is 
to be defended.’' Supposing this course to have been 
persisted in, it could not but have led to the most disas- 
trous results ; it was, in fact, cutting up the very roots 
of our Naval greatness. “ In looking foiward,” say 
the Commissioners, “ unless some means be taken for 

* These are the official words of the Report. We cannot but 
observe, however, that prejudice must have hail some share, perhaps 
a large share, in Ihis opinion. It can hardly he supposed but that 
among the mass of apprentices in our Dock-yards, some might have 
been found worthy of the distinction of enteiing a mould loft. 
fc ‘ Genius,'* says Washington Irving, *‘ delights m hatching her 
oilspring in by-phices;** but it requires the eye of genius fre- 
quently to discover it. Had the experiment been tried of a public 
competition, after suitable notice, among these uneducated )outbs, 
there can be little doubt but many would have boon found cupablo 
of promoting their own intellectual advancement. The great pim- 
ciple of competition reinuins to bu tried iu our public departments. 
The advantages resulting from such a state ot tilings would be 
immense. At the moment at which we are writing this Note 
nothing but a dull and melancholy depression is to be met with in 
the woikiug departments of our Dock-yards. 
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the improvement of the eduction of apprentices, ne ,1 \ t 
must not expect a succession of odicets or artificers iha-cUm-. 
equal to those now in the l)ocU-yanls.” . s . 

(15.) This important llepoi-t led to the establishment Kst.d.hsh 
of the School of Naval Architecture at Portsmouth ||, lUPlll of 
181 i. It was conceived by the Commissioners th.U bv Sdu, ° I l,f 
training up a race of men devoted to Naval Arcin'- 
lecture, both in its theory and practice, under the eye of 
an able Mathematician, important results might fairly be 
anticipated ; and the Government, entering with earnest- 
ness and liberality into their views, endeavoured, by 
every imaginable means, to promote them. The Jour- 
nals of the day announced that the whole was open to 
competition. At the head of the Institution was placed 
the Rev. Dr. Inman, a learned Mathematician, who, in 
his early .days, had obtained the highest honours at 
Cambridge, and evinced an eminent capability of con- 
ducting an undertaking of this kind. Dining the seven 
years the students remained at the establishment they 
were called upon to pursue the study of Geometry in 
an enlarged way, to carry its beautiful and refined prin- 
ciples into Natural Philosophy, and to enter on the 
Differential and Integral Calculus. The theory of 
Na\al Architecture was diligently studied, some of the 
best Continental writeis on the subject being diligently 
read. At the same time the practice of the Art was 
entered on, and the young men were taught, the laying 
oil* of ships, and how to prepare every necessary drawing. 

An excellent practical shipwright (Mr. Fincham) in- 
structed them iu all the details of labour at the dock- 
side ; and the ad/e and the saw were required to be 
worked with the ardour and spirit of the humblest 
operative. The object was to make them good theo- 
retical uud practical shipwrights, and the Country has 
a light to expect that they should be so. Of the stu- 
dents admitted at the different public examinations from 
1811 to 1822, some have retired from the service, some 
have died, and twenty-six remain, three of whom have 
become builders' assistants, others are foremen in the 
different Dock-yards, and seven remained unprovided 
for in 1833.* 

♦ AVo throw into a note a brief notice of the Ordonnunce of 
Charles X. of France, dated 28th March, 18 'JO, relative to the 
organization cf the Royal corps of Naval engineers, {dime Mart- 
tune.) It is to consist of the following 

Fruties. 

One inspector-general each 15,000. 


Five directors of 
constructions. • 


rut Brest, Toulon,) 
r Naval] uiul Kochfoit. J 

j at Cherbourgund ) 

l Lorient j 


Ten engineers of the first class f>000 

Twelve engineers of thu second class 4000 

Twelve sub-engineers of the first class .... 3000 

Twelve sub-engineers of thu second cluss . • 2400 

Five sub-engineers of the thiid class 2000 

in all 57 ; and of u number of cudets, to be regulated according to 
the demands of thu service, each to receive annually 1200 francs. 

These cudets are to he tuken from among tho.su students of thu 
Pol) technic School who are declared worthy of admission into the 
public services. They are then to pursue for two years at the Port 
of L’Orient, (under the direction of an engineer of the first or second 
class, to ho nominated by the Minister of Murine,) a complete course 
of the application of thgoty to Naval Architecture; to exert imj 
themselves iu making drawings of ships of war, and in the details 
of their masting, soils, fittings, and equipment ; to make calcula- 
tions of displacement, of stability, of the centre of gravity, and nil 
others relative to the theory of Naval Architecture; to investigate 
the nature of steam-engines uud all other machines which may lie 
useful either in the arsenalN, or mi hoard ships of wai ; to design 
ornamental work, and to study the KnglitJi Language. 

At the expiration of two years, the cudets will he subjected to 

2 z 
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\ k.l1 Vi- (4fi.) It must not bo omitted in closing this very 
riiitrr- , iin'. brief review of tlie eventful reign of (■ corgi* 1 1 I., that we 
' owe to tlie liberal views of Fail Spencer, who :iL one 
,\»!i .ml.igcs time piv-iilcd at the \dmirally, the (le\otioii of the 
r- stilling great talents of Bcnthrnn, Btuncl, and Harrallicr to the 
.'I public service. That distinguished Nobleman cncnu- 

inrlit (if raged these eminent men to undertake works most 
Midi iiicii is beneficial to the Navy. Before this period, while steam- 
jtiiiiul .it engines and other powerful machines were abundantly 
st itioii^ ll * n a N our manufactories, by a singular fatality 

a ° ' they bad been wholly neglected in our Dockyards 
Instead of our Naval establishments being schools ot 
practical science, and affording the most peifect patterns 
of mechanical skill, a dark and imperfect system pre- 
vailed of employing only the unaided strength of men 
and horses. Steam, with all its multiplied applications 
ami powers, was entirely unknown, and docks weie 
pumped, and the hca\icst weights raised l»\ ineic animal 
stiength. Such men as Brunei cannot but impait new 
light and intelligence wherever they appear. Born to 
invent and command, they aie destined at every step to 
add new trophies to the intellectual dominion of Man. 
Matter asf-umes new forms, and with the wand of a 
magician, they seem to rule the elements with it. 
lienee the unrivalled block-machinery at Portsmouth, 
exhibiting the nuM perfect mechanical refinements, and 
challenging the admit atinn of the whole world. Had 
other men, possessing only perhaps a small portion of 
Brunei s truuscendeul powers, been encouraged to turn 
their attention more particularly to Naval Architecture, 
who could estimate the tiimuphs that might have ac- 
companied them? It is impossible for a mind accus- 
tomed to the higher walks of human thought, to descend 
to a lower walk of inquiry, without the latter receiving 
some benefit from the power thus applied to it. At this 


au examination in the various branches of nistnu-tiun they have 
TfCinvi'ih Those who are (poihiieil sue immeiliiitelv to receive the 
apjiointiiieiit of huh-engineei'K of the lliiut cl. ms, their seniority of 
lank liemg fixed hy the Jesuits of the ex.imai.itmn. The suh- 
engineeis o| the lirst and second classes lanimt he jiiomoted to the 
tii'-'.t class until they li.ive made a voyage of at least one \ear. 
Speed u* rules also are hud down respecting tin* employ meats of these 
Huh-euginccix when on shipho.ud ; these are the details of ‘towage, 
the .11 rangemeiit and e fleets of the means employed in moving die 
top masts, top-gallant mast and j.irds, and also in foiling md mi- 
iurlmg the s.cls, on the woiking of anchors, on the i Heels winch 
the shocks ol wavi.s and the motions of pdclcng and rolling hav e 
cm the combination of the various parts of the structuie: and, 
general!) , on every subject relative to N.n al consti uction. They 
shall keep watch on deck with thu most c*' penenceil ufliccr on 
hoard having charge of a watch. 

The following iuhle of fonijiarative rank is worthy of attentive 
coiisidei.it am. 


i Mil. .‘1» Ml N U .1 

r u.. mi ■ i ■» 


( ifluvrs of the Nncv 


n:iu*,.i ,«f v.i\ ii \ 1 1 1 1 1 1 

Ill-t Ml lull. 


liispoctm general. 

Bins tor oi Naval 
< 'oust i net ions. 


Engineer, 1st class. 


Ditto. 2d elass. 

Suh-engineei, 1st 
class. 

Ditto, 2d class. 


Ke.u -admiral. 

After the Uear-v 
admirals and I 
hefoie thel'o .*- 1 
captains. J 

l\»st-captaiu(('a-l 
pitaincdovuiS' V 
seal i ) | 

Commander (Ca- 
pitauu* de fie- 
gate. » 

| bieiiteuant. 


Coinmissarv-ge- 

ueral. 

i'ommissary of the 
NaV). 


Snli-commissary, 
I sf i lass. 

Ditto. 2d class. 


Ditto, 3d cl iss. 


{ Mate. (Ens»*igne. 

tie vaisseau . ) l Principal clerks. 
Cadet. lMidsllipmail. I 

Uniforms aie est.iHi-licil lor the Na»,d engineers 


moment vve fear the amount of really active practical Naval \r- 
Scienee in our Dock-yards is but small.' eh it echoes 

(47.) Our limits will not permit us to give an ac- 
count nf many important particulars relating to the Ge0l tf u IV * 
Navy and Naval iiuproveincnt which occurred during 
the closing years of the reign of (Jeorgc III., and 
that ol (Jim lire IV. r The Peace brought with it the 
repose so much desired ; and public men as well as 
pnvnte individuals, no longer having their minds ex- 
cited by the level isb anxieties of War, had leisure to 
turn their thoughts to many objects of great importance 
to our m.uihinc power. Hence many salutary regula- 
tions, and the adoption of many important changes, 
which time ha* proved to be beneficial, and which it 
must be our desiie to see further perfected and improved. 

We may refer in this way in terms of the strongest 
commendation to the labours ol Sir Robert Seppings, Improve- 
winch will be pai ticulurl) elucidultd in other chapters, incut-, of 
The labours of that eminent man, and the immense 
benefits he eonfeired on our marine, can never be for- all Ji others, 
gotten, either by the lover of mechanical improvement 
or the lover of his Country. The introduction of chain 
cables by Captain Brown has deprived a lee-shore of 
many of its terrors. Iron tanks, by augmenting the 
supply of fresh water, have contributed very greatly 
to the comfort of seamen, and by enabling our fleets 
to keep longer at sea, have increased their efficiency 
in a prodigious degree. The TruseoU pump has re- Qtlu*, im- 
muved the dangerous necessity of getting wator-ca^ks pruvi*nu*nti 
on deck ; and the abolition of the practice of sending 1,1 die ser- 
King\s stoics from the Dock-) ards in boats belonging to VUT * 
ships of war, required, as they often were, todo so in tem- 
pestuous weather, has preserved the lives of many gallant 
seamen. Tlie powder also, w hicli by an ancient and dan- 
gerous practice was sent onboard unfilled, is now received 
into a ship ready prepared for action. The store-rooms, 
which at one time exhibited scenes of the greatest irre- 
gularity and disorder, present at tlie present time every 
thing that can gratify the lover of Naval discipline and 
order The wings, or intervals, between the ship’s 
sides on the orlop decks, so necessary to t lie vigilance 
and labour*- of the eaipeiitor during- action, and which 
in seasons gone bv were filled with tlie midshipmen’s 
and qii.il ler-iii:islei ’s hammocks aid chests, bags and 
lantern*',-- a leccptaele of filth and foul air,-- are now 
kept perfectly clear and clean, as they ought to be. 

(IS.) The science of signals, which has contributed so improve- 
mninly to our brilliant victories, lias also in these lattei meats in 
times been greatly improved. Asvslctn w Inch enabled the 
immoital Nelson to communicate to bis whole licet in 
the short space of tluce minutes his splendid and memo- 
rable sentence “ Knoi.and expects every Man to do 
ms Duty,” cannot but be advantageous. The ships 
which sailed lor India in 1 7sl), possessed merely flags lor 
indicating the most ordinary messages, such as seeing the 
land, discovering* a strange ship, or calling an oilier r 
on board, in the War of 17i)3, Lord Howe’s svstcui ol 
tabular signals was employed ; and from that tune their 
sulva icc tWjs rapid, lu signal-posts vveie esta- 

blish'd <’ii the South coast of England, to indicate the 
appinacli ol the enemy’s cruisers, and to give timely 
infoi niatioii to our seamen. The land telegraph, con- 
necting the Admiralty with all the sea-ports, pioduted a 
celerity of movement quite unknown in former tunes. 

The scmaphoic at present employed in this way was 
adopted from the French. The sea telegraph was the 
invention of Sir Home Popham. 
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'William 1 V. 

Abolition 
of Navy 
und\ n Inal- 
ling Hoards. 


\ haUgO of 
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V.uds 


Oil' 1 gene- 
i.ii account 
opened ,it 
tin* li.uik 
lor th" 
iV.LVV. 


( Jliiivi «t 
t .’iinct tid 

* j t 1 1 1 lie 
I vil <lo- 

1> U til I Lilt it 

l-t till* 

\ a\y. 


A .i \ y es- 

ti imK s. 
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(H).) By an \ct passctl in tin.* second year of tile 
reign of King William IV , a very remarkable change 
took place in tlie administration of the Civil depart- 
ments of the Navy. The offices or departments of the 
piincipal nflims and ('nmmis^ioiiers of the Navy, and 
of the Commissioners for victualling the Nav), and ibr 
the Care of Sick and Wounded Seamen, were entirely 
abolished ; the powers and authorities heretofore vested 
in these Boards being transferred to the Admiralty. 
By the same Act, the duties hitherto performed by Com- 
missioners at the seveial Dock-yards and other Naval 
and Victualling establishments at home and abroad, 
are in future to be executed by officers called Superin- 
tendents; the Commissioners of the Admiralty and the 
Snpci iutendeuts being empowered to administer oaths 
and execute the duties of Justices. With regard to the 
important article of expenditure, it was enacted that one 
general account should be opened at the Bank of Eng- 
land for Naval services; and annual accounts be made 
up and certified, together with rigid annual inspections 
of all monies remaining with the Treasurer of the Navy, 
his cashiers and clerks. Monthly accounts also are to be 
furnished fiom the several Dock-yards. The Adinualty 
also is enjoined to make up an annual account of ex- 
penditure, under the heads of semee specified in the 
Appropriation Act, the Commissioners of Audit being 
empowered to examine the Fame, and to lay a copy 
thereof before Parliament. 

(50.) At the present time the various officers con- 
nected with the Civil departments of the Navy are the 
following : seven Commissioners for executing the office 
of Lord High Admiral of the l nited Kingdom of 
C j rent Britain and Ireland, with two Secretaries and 
senior and junior clerks. Several principal officers, 
nz. a Surveyor of the Navy, an Accouutant-Cicucral, a 
Storekeeper General, a Comptroller of the Victualling 
of the Navy and of the Transport Service, Physician ol‘ 
the Navy, and a Civil Architect. Connected with the 
Navy Pay Office, theic is uTreasuier of the Navy, with 
various subordinate officers relating to the Wages, the 
Bill, Ticket, and Allotment branch, the Navy Bill 
branch, the Victualling Bill branch, Ac. 

(51.) The Navy estimates, in future, are to be ar- 
langed as follows : 

Nos. lwi<}wiii<l for the Sen ice of the year 1 '.id— Is > |. 

1. U a ;; .s l • im ’ El M J'-’O 0 II 

I of sr.'im n and in. nines 1IM, l».>0 j 

Abate *■ ( Mil stores'' . . . 7,H.'I0 I 

>CJ.V M) f » (l 

J'i.'i.Kjoj 

of tlicmdiii.il) , \ . i rd , 1 1 lV\r. JJ. lSjJ 

.'J. \dninah) < .. 1 0 ?,!»/«) 0 II 

I. N.uy l\i\ t ‘tiice 'J I 72’) 0 I) 

o. Scienldie I’l.ineh '■ LJ.lllO (I 0 

v II is vvoilli .Ink '.) give ill note ..u ■hsliait ol the , »riv , *hm. 
i <i .mi’li ■ 

lk>).il Naval College anil Fkhiiil for Nav d AkIu- 1. a <L 

I vi tm e 

l*o\ .i 1 ( Him i\:itory ‘J.7 '0 1 0 

Ol senator) at the Cupv of ( i • » >• l Hope 1 ,OJIi 0 0 

N’iioin.il \ Lilian. irk J,loO (J 0 

* hi nnoii'cteis 1 ,70lJ 0 0 

!i< v\ awls, experiments, Xe I ,01/0 0 l) 

1 1 v diugr.iplucal dcpaihm-nt 1 J , 1 1 J 0 

I.xtiap.iy I’m cxplmmg the Qin.n.i end Southern 

l 'onhneiit “..‘I 4 0 

Inln.ineH mnl Museum at llaslai anil Pl\ i.u uih 

1 I n-pital r 1 , IIK> 0 0 

I •rut i ill) to Mr. Giant fni his linen.! Mami'actory . 2,000 U 0 

T-.tal 122, MM 0 0 


li. His M »jest) i s| .hlishments .it h toe . . \) l-rp 

7. Ills NT-.j cst\ \ establishments .0 road -j ; jj j 

8. Wages to artilieeiN, \e. emph>)id in Ills Ma- 

jesty’s establishments at home* -t Jo 

V. Wages to ai iiilceis, Jfcc. employ id m His Ma- 
jesty's establishments ahin.td JO, <)p', 

It*. Nav;il stores, N.c. for the budding and lep.m of * 

tihips. (lucks, wh ill's, &c.f ju { 

1 1. New works and impiovnneiits in the yards, \r. i; {.run 

1 2. Medicines and inedie.il stoics u.’mo 

Id. Miscellaneous sen ires aO, »su 


0 

0 


0 

I) 


N ival Ar- 
i ! i.cctuie. 


U 0 


0 I) 


0 0 
II 0 
0 <) 
U 0 


Total for the efficl iv e sen ice . . . ,1' , 2.7 1 Jill u u 
1 1. Half-pay to officers of the Navy and Royal 

Mantles} S71>.'»S 0 0 

11. Mil daiy jh n sums ami allowances f>.J >, 10. t 0 0 

Id. Civil pensions ami allowances 220,4 12 0 l) 


Total for the Naval servico X' 0 0 

For the Service of other Departments of 
Govei ninent. 


17. Ai my and Onlnaneo departments ^ convey- 

ance of (mops , See.) 200.8(11) 0 0 

— Colonial ikpaitmeul • — 

18. Home dep.u tment (convict sen ice) 1IS,.'*00 0 0 

Grand Total .... JL 1,0, VS, 1 J 100 


* The wages to ait dicers and lahourcm of home to those abrotnf, 
are to each other in about the ratio of a ufmi to n/ir. 

\ The mode of disposing of old ships and stuns in his Majesty's Diitih 
Dock-yauls by what is Ciille»l Dutch Auction, deserves mi explana- Auction, 
tion. The ait.cle to he sold is put up hy ail olticiv at some puce 
previously lived on. He then progressively loweis the sum, until 
some one s»)s ///iwc, when it is 1 maked down to the speaker, or he 
becomes the purchasei. Certain conditions aie in most cases eu- 
teiedintii hy the pmchaser, in the ease of ships, that they are to ho 
broken up within twelve months of the day of sale 'I'lus was tlie. 
case with the San \ntonio, Phaeton, and Vnginia m the succeeding 
Table. Popper holts in. uked with the King’s hro.ul allow f aro 
also to he relumed, the purchaser leceivmg a fair value for tluiu in 
return. The following Table will give tlu* pnrtnulais ot a sale of 
several shijis of war, on the 1 1th of July, 1827, at Somerset House, 
in presence of three ('oinnusMoneiH of the Navy. 






at 

| W 1. 1« >1 II 


Name ot hliip. 

Hum* or 
cl;»i.s. 

Tun- 

mue. 

l’..i^e whcie 
the ship was 
t>lm r . 

jw II* |ail up 

.;•> "•*■ 

■ ( ••ii' iii ■ . 

j 

J'rici :it 
wl l, !. it 

V. i ■.Hill, 

Pheasant . . 

• i i 

.’»(>.’) 

Di pth id 

1 1 ion 

1 ' it) 

iJanii 

Sloop 

IM. 

( li iih.-m 

.*i im) 

1 l.l o 

Ueli He .... 

Png 

.Js’li 

Dlllo 

o'l 1) 


San Anion. o , 

7 l 

17 on 

i , ol H::,uii l ii j 


' M ! 

Phaelon . . ; 

Pi : 

'Ml 

1 lil'ii 


k 1 M 1 

\i gus ... . 1 

Kli;: 1 

ds7 

Dolo I 

■*(». M 

L’tMU) i 

( leCl.Ul .... 

{ 1 lit 1 ■ 

1 Pi 

Ditto | 

Ml!) | 

7.0 1 

•■'c »ut 

111 .g 

:.vsj 

Dnlo | 

i Ait# ; 

1010 j 

(Jii.ii! : 

( nth l 

fi! 

Ditto 

71M) j 

1 10 1 

\ i s - 1 niii 

hi 

1U( t. 

1 '1 \ To : til 

.r.ao 1 

.III .0 j 

1 V tel* 1 . . . ' 

Sloo’i 

K,'» 

Do ui 

1 11.(1 

i 

i 


J The m. jin. il .’ithi. in (kmncil hi ■.towing h.dl-p.iy •».• Na.il 

oil'.. » is, leipe.rtd ilumi to icsuie m the sea piat ■, and to .e m t ■■ lit- 
ti ig out •‘hips. Ilali-p.iv was lionet a pay meat *'ir so*\i«e r«i- 
lmnii d in tune of Peace. 

Admuals and C.ipt.uns weie liist .qiptniited (ieneial, and ( "'■•in Is 
of Marmi s ui 1 7.Vt, '•null after the J*.»(lle hi-tw«e i ll..w Ke .md C (lu- 
ll. ms. The first Gencial ol Mamies wa. Adiuii.il Roseau en. and 
the tiist ( olmiid Sir P. Uiett. 

The N.iv.d '•iiu’i me offices a'liount ciily (■• llic anna d sum ot 
t‘77.*»d ; and mij na'iie in the s' .'ijoiind hs( is distnigii.-Iud l»y 
the most In ill i.iu t set vices. Il is the huiioni *»1 1 emg -e ,M i.de«l 

with tin* gie.it commandeis who hue In Id tl • nnm* 

than the actual . ihoIipi:* ids aiising iiem ll.eun Mia! i ndoi them 
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Naval Ar- This account., it should be remembered, has reference 
chitucMire. to a period of profound Peace, of rigid and unrelenting 
economy, and when every means are taken to re'duce all 
the public establishments to a minimum of expense.* 
Our limits will not permit us to give more than a 


ohjects of honourable ambition. It is* worthy also of record, that 
no office* whatever are executed by deputy in the Navy. 
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* The following is an abstract of the Budget of the French 
French Minister of Murine and Colonial Affairs for the yeur 18211 

IW„. 

Hunger. Salary of the Minister, of Directors and subdirectors, 

Prefects of Murine, officers on shore, ( quipage* de 
iignt on shore, Marine artillery, Naval engineers, 

Officers having charge of Commissariat, Chaplains, 

Medical staff, Professors in Navigation Schools, of 
persons employed in felling timber in French Gui- 
anne, Storekeepers, &c. Officers of Hulks, uud per- 
sons employed in the Royal Founderies 11 ,701 ,870 

Pay of General Staff* at sea, of the crew of one ship of 
the line, ditto of the crews of 127 vessels, containing 


brief analysis of this important statement, referring to Naval Ar- 
the Navy Estimates themselves for more detailed in- chiteetun*. 
formation. 

(52.) The establishments at home connected with Naval estu- 
the Navy consist of Naval yards, Victualling esta- biislunent* 

BLISIIMENTS, Mf.DICAI. ESTABLISHMENTS, TRANSPORT at bomc. 
ESTABLISHMENTS, MARINE BARRACKS, AND MARINE 
INFIRMARIES. 

(53.) The Naval yards are at Deptford, Woolwich, 

Chatham, Slieeritess, Portsmouth, Plymouth, Pem- 
broke, Deal, North Yarmoptb, and Kingstown. The 
Victualling establishments are those of Deptford, Sheer- 
ness, Portsmouth, Plymouth, Haulbowline, Brixham, 

Stud don Point, Milor, Deal, and Dover. .The Medi- 
cal establishments are Haslar und Plymouth, The 
Transport establishments are Deptford, Portsmouth, 

Leith, and the Cove of Cork. Marine barracks are 
found at Woolwich, Chatham, Portsmouth, and Ply- 
mouth ; at which places also are the Marine infirm- 
aries.* The total sum voted for the financial year 


Franc*. 

12,410 men, and expense of clothing the Equipage* de 

/i gne, fuel for the troupe* de ta marine, barracks, &c. 7 ,863 ,800 

Expense of Marine hospitals for sick mariners 1 ,181 ,600 

Ditto of provisions 6,834,000 

Pay of workmen, expense of ship-building, materials, 

und artillery 23,621 ,300 

Expense of docks, &c 3,800,000 

Expense of the galley slaves 312,400 

Miscellaneous expenses . 692 , 000 

Expenses of the Army and Navy in the colonies. . . . 6,000,000 


Total .. 63,109,976 


In 1823 a Royal Ortloonance was promulgated for establishing a 
distinct body of seamen to serve on ship-board or in the Naval 
arsenals, to be called equipage de liyne, This body is divided into 
separate carps, each corps being composed of a permanent Staff of 
ten persons, and of fuur companies of 150 men ench. 

All the Officers of the Royal Navy, from the rank of F.nseignc de 
vaissmu to that of Capitaine de frfgate inclusive, imist be employed 
in the equipage de t igtie , and serve in it two years successively, 
unless they receive orders to the contrary from the Minister of Ma- 
rine. Every seaman belonging to the equipages de ligne must be 
instructed uiul rendered fit to perforin all duties whatever which 
relate to the mano»uvring, piloting, serving at the guns, or repairing 
of a vessel, together with the manual exercise ns a Murine on ship- 
hoard or in the Naval arsenal. The men of the equipages de hync 
ure employed in all vessels from a ship of the line to a 16 gun brig 
inclusive. See Goldsmith's Statistic* of France, London, 1832. 

The amount disbursed annually in the Navy establishments of 
the United States is aliout three millions and a quarter of dollars, u hursementa 
considerable portion of which is devoted .to its gradual improve- () f ^ 
ment, by the accumulation of stores, the creation of dry docks, and 
the building of additional vessels. States 

The following is an account of the principal elements of expen- 
diture for 1829. 


Pay und subsistence of the Navy Afloat ... 1 

Ditto ditto shore stations 

Pay of superintendents, artificers, &c 

Provisions 

Medicines and hospital stores. 

Repairs and improvements of Navy yards • • 

Ordnance and orduance stores. 

Gradual improvement of the Navy x 

Repairs of vessels 

Labourers find fuel for engine 

Puy and subsistence of the Marine corps .... 


Dollars. CU. 

,160,068 09 
161,830 26 
62,222 56 
461,636 83 
25,772 60 
148,989 09 
26,262 61 
444,395 98 
470,945 68 
1,660 45 
117,329 19 


These various sums, together with other different expenses, form 
a grand total amount of 3,308,745 dollars 47 cents. 

• It was once the practice to employ officers of the Army in tho 
Marine service, and the Marines themselves were privates of the 
Army. In all the great actions before Cromwell's time, and during 
the time of the usurper, soldiers were constantly embarked us 
Marines. 
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1833 — 34 for the pay of the various officers connected 
with these establishments, taxes, and other incidental 
expenses amounted to -£.*114,970. 

(54.) His Majesty's establishments abroad consist of 
Naval yards. Victualling establishments, Medi- 
cal ESTABLISHMENTS, and TRANSPORT ESTABLISH- 
MENTS. 

(55.) The Naval jards are at Gibraltar, Malta, 
Canada, (Kingston and Montreal,) Halifax, Newfound- 
land, Bermuda, Antigua, Jamaica, Sierra Leone, and 
Fernando Po, Cape of Good Hope, and Trincomalee. 
The Victualling establishments are at Gibraltar, 
Malta, Halifax, Bermuda, Jamaica, Bahamas, Bar- 
badoes, Ascension, Sierra Leone, Fernando Po, Cape 
of Good Hope, and Rio de Janeiro. The Medi- 
cal establishments arc found at Malta, Halifax, Ber- 
muda, Jamaica, and Cape of Good Hope. A single 
Transport establishment exists at Gibraltar. The total 
sum voted for the financial year 1833 — 34 was £'23,422. 

(50.) We can only give a brief enumeration of the 
officers of one of each of these establishments. Taking 
Portsmouth Dock-yard as the first and most important 
at home, we in the first place remark, that it is go- 
verned by an Admiral Superintendent, the other prin- 
cipal yards having only a Captain Superintendent pre- 
siding over them.* The officers next in rank are a 
master attendant and assistant; a master shipwright 
and two assistants ; a storekeeper, store receiver, sur- 
geon and assistant, a chaplain, timber converter, boat- 
swain, and warden, together with twenty-seven clerks. 
Also masters for the smiths, sail-makers, riggers, and 
rope-makers ; ten foremen of the yard ; two conduc- 
tors of the wood and metal mills; foremen for the 
inilhvrights, metal mills, rope-makers, and smiths ; two 
assistant timber converters, and twelve measurers. 

(57.) Of the Victualling* establishments, we select 
Deptford, which has a Captain Superintendent, a store- 
keeper, a master attendant of the wharf and assistant ; 
a surgeon and assistant; fourteen clerks; a master 
cooper, muster miller, and master baker ; a warden ; 
two foremen of coopers, and four foremen of stores, 
together with an engineer. 

(58.) Of the Medical establishments we take that of 
Plymouth Hospital, which is governed by a Captain 
Superintendent, who attends, also, to the Victualling 
establishment, assisted by two lieutenants ; there is also 
attached a physician, a surgeon, an agent am! steward, 
a dispenser, a chaplain, three clerks, and four hospital 
mates. 

(59.) To the Marine barracks are attached a bar- 
rack master, barrack sergeant, and barrack clerk ; 
and to the Marine infirmaries belong a surgeon and 
two assistants, a purveyor, a chaplain, and a quarter- 
master. 

(60) Of the establishments abroad, we take the 
Naval yard at Malta, which has an Admiral Superin- 
tendent, a Naval storekeeper, a master attendant, 
master shipwright, clerks, boatswain, and foreman of 
shipwrights. To the Victualling establish men t at the 
same place there is attached an agent victualler and 
clerks ; and to the Hospital, a surgeon, dispenser, hos- 
pital mate, chaplain, and clerk.t 

* The Superintendents of the Dock-yards wore formerly Civil 
situations, the persons filling them being styled Commissioners. 
They arc not at this time so considered. The alteration took place 
on the 1st of June, 1832. 

f Where there is no Superintendent, the Commander in Chief 


(61.) For the wages of shipwrights, other artificers Naval A r» 
and labourers employed in the Dock-yards at home 
during 1833—34, there were paid the following sums-’ 

Woolwich X53.500 * ' IT’ 0 * 

Chatham 65,500 wrights, &c. 

Sheerness 28,000 »d the hgv©. 

Portsmouth 108,100 

Plymouth 113,000 

Pembroke 21,000 

Deal 


ral Dock- 
yard*. 


:> 


COO 


Huulbowlinc . . 

Making a total of . . -£890,000 

(62.) The question of labour in the Dock-yards has Important 
occupied much of the attention of the Admirulty and of ‘lotion of 
the late Navy Board. While the Country loudly I,l!)our ' 
called for retrenchment, the members of these Boards 
were anxious to effect it with the least possible priva- 
tion to individuals. Xu January 1830, it was resolved 
that the payment of chip money should cease, and that 
no more men or apprentices should be entered in the 
yard, in lieu of others dying or discharged, until the 
number should be reduced to 6000, the number to be 
preserved during Peace. As soon as the number 
should be brought down to 7000, the men were to lie 
allowed to work the whole of Wednesday, and when 
reduced to 6500 to work six days in the week. These 
arrangements prove the anxious desire of the Admiralty 
for the welfare of the workmen. The following Table 
will give the total establishments borne on the books of 
the Dock-yards at home in the years mentioned in it. 

Inferior 


Jim. 1, 1830 .. 

Officers. Workmen. 

Apprentices. 

Total. 

Total num- 

. 213 

7068 

CIS 

7929 

ber of work- 

J ail. 1 , 183 1 • « 

. 197 

6560 

633 

7390 

men and 

Jan. 1, 1832 . . 

, . 172 

6505 

524 

7201 

apprentices. 

(63.) During 

the year 

1833, 

however, an entire Great 


change of system has taken place in the Dock-yards change in 
respecting labour, with the view of economizing the con- t,l . e h y fc t« ,, n 
sumption of the public stores. The jobbing, or contract ot lll,luur * 
plan hitherto adopted lias been abolished, and the men 
have been placed under an entirely new system of classi- 
fication. The practice of contract work grew out of the Abolition of 
necessities of the War, when extra labour was almost contract 
daily called for ; but the system has been found pro- wor * 
ductivc of great public loss. It has been said, and we 
believe with great truth, that when men are paid 
according to the quantity of work done, they nre not 
very scrupulous about the conversion of materials, and Waste of 
thus an immense waste of public stores has been the materials, 
consequence. To remedy this evil, the present Board 
of Admiralty resolved to return to the old plan of fixed 
allotted work aud daily pay ; and there existing no 
necessity for urgent despatch in time of Peace, the pre- 
sent has been selected as a proper period for effecting a 
change. At the same time, also, it was resolved that 
superannuations should be abolished. 

(64.) As a curious and important document rcspect- 

is, as far us may be in his power, to see that every officer punc- 
tually obeys the orders and instructions he shall have received 
from the Lords Commissioners of the Admiralty. The Commander 
in Chief in such a case is to conform to the established rules mid 
general practice of the Navy. lie is also to receive from the store- 
keeper, aud every other person intrusted with the charge of 
money, three general statements of their respective accounts quar- 
terly, which ho is to examine and certify. 
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ing the distribution of labour in the Dock-yards, and 
showing the n*lati\e importance of the dillmnit trades 
employed in them, wc add the following valuable Table 


drawn up by the Navy Board on the supposition that the Naval At* 
workmen were reduced to 6000. We regret that our limits chitecture. 
will not permit us to dilate upon this important document. 


Table of 
the distri- 
bution of 
wutkmcu. 

Description. 

. . 

Dept- 

ford. 

Wool- 1 
wlch. 

Clmt- 

llttwl. 

SIltHT- 

■ IP^S 

Ports- 

mouth. 

Ply 

mou th. 

Pem- 

broke. 

Total. 

Hlockmakcrfl 

, , 

1 

1 

•> 

3 

3 

, . 

10 

Hoys, House 



20 

. . 

20 

20 

. . 

60 


Ochani 


3 

G 

3 

8 

8 

2 

30 


Wheel 

. . 

. . 

. . 


. . 

12 

. . 

12 


Hriixicrs, tinmen, and nppicntices . . 

2 

4 

fi 

■i 

8 

8 

. . 

32 


Bricklayers and appi entices 


o 

8 

o 

12 

12 

. . 

44 


ladmurcM 

, . 

2 

3 

3 

4 

4 

. . 

16 


C.ilkvis ml app entice'. 

. . 

ir, 

30 

40 

50 

50 

14 

200 


Coopers 

1 

1 

1 

4 

1 

1 

. . 

9 


Kngine i cpaii cm 

, . 

3 

. . 

. . 

. . 

. . 

. . 

3 


Fmiuder:i 

. . 

. . 

. . 

. . 


. . 

• • 

2 


IIemp.dres.eis 

. . 

. . 

. . 

. . 


10 


16 


Joiii' i i and a)-; iciuiees 


44 

80 

13 

106 

100 

40 

413 


Kej -be.neis fiopeiy) 

Labnuieis, • nr. iiou >e 

. . 

. . 

1 

. . 

1 

1 

. , 

3 


19 

11 

14 

10 

14 

14 

3 

85 


Yard 

j 4 

ms boatmen 

10 

80 

40 

100 

100 

40 

404 


I.iue arid (wine spinneis 

1 

. . 

. . 


, . 

1 1 

© • 

.4 


Locksmiths ami apprentices 


1 

o 

i 

2 

•I 

. . 

8 i 


Masons and apprentices 

1 

. 

j 


10 

10 

10 

31 | 


M« sscngeis 


4 

5 

4 

G 

0 

ij 

22 | 



1 

2 

o 

• » 

*■ 

. . 

2 


~S 1 


l'lumbeis mid appieniics 

Painters, glaziers, a\d ii^pientices • .1 

1 1 

o 

i i 

1 2 
i 

1 

4 

4 

•• 

” i 

i 


(irindera > 

Labourers j 

, ‘ 

| 

f» 

| 14 

| 1G 

i 

20 

20 

4 

81 


Pitch heaters 


1 

i 

l 

1 

1 

1 

G 


Higgns 

i * • 

20 

20 

40 

50 

50 

m 

ISO 


Labourers 


fi 

fi 

i 12 

n 

13 

. # 

50 


Sailniakers and apprentices 

20 

1 ■ 

3fi 

1 1 

30 

30 

1 

131 


Sawders 


! 60 j 

80 , 

CO 

100 

100 

GO 

4G0 


Sca\ el men , 

i 

10 ! 

10 

10 

20 

20 

, , 

71 


Slupwiights and apprentices j 

3 

2 :is house 
« .upiMilcrs 

200 

500 

300 

050 

050 

200 

2303 


Smitbs und apprentices j 

1 

50 

SO 

50 

no 

120 

50 

401 


Spinners ntid apprentices i 

. . 

. . 1 

1 3fi 

is 

130 

130 

. , 

408 


W aiders 


10 | 

n 

20 

20 

0 

90 


"Wheelwrights. . 

. . 

1 

2 

i 

3 

2 

1 

10 


Work n ’.i ;it Wood mills 

. . 

1 

. . 

. . 

‘20 



20 


Metal mills 

# # 

• . 

. . 

. . 

40 



40 


Millwright’s shop 1 

• • 


; 


10 

.. 

. . 

40 


Total | 

| 58 

505 

i 1 1 03 

075 

1 1 fi 1 0 

1 555 

134 

0000 


Of the shipwrights above stated, viz, 2500,* a con- 
siderable number ^ ill be employed as house carpenters, 
(that description of artificers having been abolished) and 
in other inlet tor trades ; the object being to retain as many 
shipwrights a-» possible at the same expense as persons 


* The 2300 shipwrights here alluded to, would complete annually, 
fit fur launching, fifteen 1 JO- gun ships; twenty HO-giiu ships; 
twenty-six. seventy foil is, tluity-six double-bunked frigates of 5*2 
guns, or se\ent> emvettes uf 28 guns. 

In tlu* reign of Chnles 1 Mr Phiueas Pett speaks of hiring and 
victualling the shipwrights and calkers, on seveial nccasinnp, and 
of tln*Ii being diseh.ugi'd when the work for which the} weie hired 
was pin formed. The victualling of wcvkuuMi forms n singular 
contrast with tin* customs cf the present day it is not k a - nv n 
when this practice was given up. It ih siippuaid that there v as .i 
small permanent establishment of artificers in each of the existing 
Dock-yards for ordinary purposes. 

In tlio reign of Queen Anne, the maximum number of slop- 
w rights in the several Dock-yards amounted to 237 I, exceeding 
the number admitted at present to he necessary ; the minimum 
number during that reign was 1678. 

In the period from 1741 to 180!) inclusive, the greatest mimher 
of shipwrights were employed in 1800, amounting to 3776. The 
least number was m 1755, amounting to *2305. In I80J the mini- 
her was 2878. 


of those descriptions would be paid in working at their 
own trades. 

(65.) The annual expense of warders, watchmen, v 
and rounders, in the Dock -yards hist adverted to, J3 mh 
amounted lot IS33 - 3*1 to .X 1 1,0/ G, a great but liters- watchmen, 
sary sum. While this has been passing through &<*• 

the juess, an important ehange has been made. A regu- New system 
tar and systematic Police lms been established* in the wf 1>ol,cc * 


^ It appeals that ft Central Hoard of Police was strongly recom- 
mended by the Select Committee of the liaise of Commons on 
Finance, in ilieir 28 ih Keport. printed in June 1798. It was them pro- 
posed to bring under regulations by licenses, all dealers in old ami 
second-hand ship’s slnres, old iron, and other stores, and several 
othei d ia*g« rous and suspicious trades, the uncontrolled exercise of 
which, I v per so? sis of loose conduct, is known to contribute to the 
cmcea’meiit and multiplication of crimes. Dr. Colmihoun, how- 
ever, rem * i ks i'i addition, that salutary us this Central Hoard must 
reit.ii'ily he in ef.uti oiling and checking the Naval plunder, in 
common with the genei.d delinquency of tlio whole Country. it 
would see in indispensably necessary, under circumstances where 
the moving property is so extensive, and where there exist so many 
resources and temptations leading to the commission of crimes, to fix 
on someone person the responsibility of carrying the laws into effect, 
and ot controlling and on rawing the various classes of delinquents, 
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Dock-yards of Chatham and Sheerness and doubtless 
will be extended to the other yards. The former history 
of our Dock-yards is indeed a history of plunder and 
fraud * It is true that, in later times, things have been 
better; but the plunder of several tons of copper, e\en 
within the last two years, no traces of which were de- 
tected before the metal had reached Birmingham, proves 
there is still something* defective; something which a 
vigilant Board of Admiralty ought to correct. 

(66.) We have now before us u printed copy of the 
Police Instructions, the fundamental principle of which 
is “ the Prevention of Crime;" a principle salutary in 
itself, and calculated, if followed out in all its conse- 
quences with energy and effect, to produce the most 
beneficial results. It does not appear that the arrange- 
ments arc yet perfect respecting this important change ; 
but the admission of the necessity of a change, the be- 
ginning that has been already made in breaking up the 
old system, the putting new and altered powers into 
motion, cannot but be advantageous. 

(67.) The Royal Navy is divided into the following 
classes and denominations. 

I. Rated ships, viz. 

First rate % all three-decked ships. 

Second rate t one of his Majesty’s yachts, and all two- 
dcckcd ships of SO guns and upwards. 

Third rale , his Majesty's other yachts, and all ships 
of 70 guns and less than 80. 


whose attention is directed to the Dock-yards as a means of 
obtaining plunder. In the Work on the Police of the Metropolis, 
we find a section named. A htrai J'olicr for the Dock-yards. 

* Dr. (Julquhoiin remarks, that the abuses, frauds, and embez- 
zlements are multifarious, and are perpetrated through the medium 
of a vast variety of agencies, which naturally divide themselves into 
two distinct brandies. 

The first relates to frauds committed by the connivance and 
assistance of clerks, storekeepers, and inferior otlicers in the Duck- 
yards, and other repositories, and in ships of war and transports, in 
receiving and delivering Naval, Victualling, and Ordnance stores ; in 
surveys, in returns of unserviceable stores, in what is called solving 
of stores, in fraudulent certificates, in the sale of oldstorcs, and innu- 
merable other devices. 

The second branch relates to the actual pillage of new and old 
cordage, holts of canvass, sails, hunting, twine of all sorts, fear- 
nought and kersey leather and hides, old and new coppers, locks, 
hinges and holts, copper holts and nails in immense quantities, 
bar iron, old iron, lead and solder, ship's plank, oars, timber of 
small sizes, blocks, quart erst utf; candles, tallow, oil, paint, pitch, 
tar, turpentine, varnish, rosin, beer and water casks, iron hoops, 
bheuit hags, beer, bread, wine, brandy, ruin, oil, vinegar, butter, 
cheese, beef, pork, Sic. 

Many vessels in the coasting trade, and even ships of foreign 
nutions.it is said, touch at Portsmouth and PI) mouth, merely for 
the purpose of purchasing cheap stores. 

The artificers in the Dock-yards, availing themselves of their 
perquisite of chips, not only commit great frauds, by often cutting 
up useful timber, and wasting time in doing so ; but also in fre- 
quently concealing, within their bundles of chips, copper bolts, and 
oilier valuable articles, which are removed by their wives and 
children, (and as has appeared injudicial evidence, by boys retained 
for the purpose,) and afterwards sold to itinerant Jews, or to the 
dealers in old iron and stores, who are always to he found m abun- 
dance wherever the Dock-yards are situated. 

Among the multitude of persons concerned in these fraudulent 
transactions, some are said to keep men constantly employed in 
untwisting the cordage for the purpose of removing the King's 
maik, or coloured struw, which is introduced into it as a check 
against fraud ; while others are, in like manner, employed in 
cutting the broad arrow out of copper boltN, nails, bar iron, and other 
articles, on which it is impressed, so as to elude detection. 

These remarks are from the Doctor's Work on the Police of the 
Metropolis, edition 1806, and relate to a time of War. Things are 
very much mended now, but we decidedly approve of a local 
Police fur the Dock-yards. 


Fourth rate, ships of 50 rui.s, am | |,. ss , ll;m 70 NtlvuI A „ 

skips o( 36 guns, and loss than 50 chitecturc. 

Sixth rate , ships of 24 guns, and less limn 3G. - v -- 

2. Sloops and bomb vessels. 

3. Gun brigs, cutters, schooners, ami other small 
vessels. 

(0S.) These different classes and denominations are Hrruiwm. 
doubtless very proper, and experience lias proved, that *> '*»■«« 
many advantages result from ships of ditfercnt nm» ui- ' v,uch f,,r ’ 
tildes; but there can be no possible reason why ships v\Vi -?i ^ 
of the same rate should vary so much in size. When 
Nelson was otl* Cadiz with seventeen or eighteen sad of 
the line, he had no less than seven different classes of 
74-gun ships, each requiring different masts, sails, yards, 

Ac., so that if one ship was disabled, the others could 
not supply her with appropriate stores. No state of 
things could possibly be more deplorable than this, and 
to an acute and sensitive mind like Nelson’s, it must 
have been a source of the dcqxfst regret. In the reign 
of James 1. the classes of ships were, ships royal, great 
ships, middling ships, small ships, and pinnaces. 

Ships were first distinguished by rates in the reign of 
Charles 1. 

(6!).) The Royal Navy on the 1st of October, 1833, Amount of 
consisted ol 557 ships of all classes. Of these, fourteen fia* Royal 
were of 120 guns, five of 1 JO guns, three of 10S guns, Navy on the 
twelve of 81 guns, ten of 80 guns, nine of 78 guns, six ier ° 1 833 tC> " 
of76 guns, sixty-two of 74 guns, seven of 5 4 > guns, fifteen ’ 
of 50 guns, si\ty-lwo of 46 guns, twenty of ij ms, and 
twenty- two steamers ; the remaining ships \uiyiug from 
30 to 4 guns.t 


* Whenever uny of Ilia Majesty’* ships or vessel* are fitted as 
steam-vessel*, troop-ships, sur\«) mg-ships, fire-ships, prison-ships, 
hospital-ships, store-ships, and victualling-ships, or for liny other 
temporary service, the Lords Commissioners of the Admiralty may 
assign to them such vale or class, not ubove a fourth-rate, as they 
may judge proper. 

\ The French Navy in 1831 consisted of the following thirty- French 
five ships of the lino of three rate*, forty ftigutes of three Navy in 
rates; twenty-three corvettes of from 18 to 32 guns; fifty-seven lf>:j|. 
brigs of from H to ‘JO guns ; eight bombs ; galliots and cutters, 
eighteen of 8 guns; forty-one of 4 guns; twelve steam-boats, 
sixteen armed store-ships, thirty-two armed transports, and two 
yachts, amounting in all to 284 vessel* fit for sea, whether in 
commission or lying in ordinary. At the same tune, also, there 
were twenty ships of the line and twenty-six frigates building, be- 
sides several corvettes, brig*, steam-boats, and store-ships. There 
were also to be put on the stocks in 1832, three slops of the line, 
two tliiril-iiite frigates, three corvettes, and five steam-boat*. 

In 1830 the United States’ Navy consisted of seven sail .if the Navy of 
line, all of which Mere laid up ill ordinary; seven t ligates of the United 
first class, of which three were in ordinary and four in commission ; States in 
three frigates of the second class, of which one was a receiving-slop, 1830. 
one in actual sen ice, and one in ordinary ; fifteen sloops, ut wl.it h 
two were in ordinary, and the reruuinder on diHereut foreign sta- 
tions ; seven schooners, of which three were in employ as reemmg- 
sliips, one in ordinary, and two in commission. There were also 
five ships of the line and seven frigates in such a state of forward- 
ness that they could lie ready for sea in three months There aie 
seven Navy yards maintained by the Government in different States 
of the Union. In the Secretary’s Report an allusion is made to 
the construction of two dry-docks, “ seldom rivalled in lieuufy and 
solidity.” The expenditure on each has been 500,000 dollars. A 
gieat progress has been made in constructing buildings for the 
accommodation of officers of the yard*, in storehouses, sheds, 
wharfs, walls, and shipways. Rope walks also are contemplated. 

The vessels in ordinary have been covered ut most of tin* ymds, to 
sholtei them fiorn sunshine mid storms. The purchase ol timber 
and stores under the Act for the gradual increase ut the Navy, 
remaining in the yard, amount to a nullum and a half The uinount 
of property on hand for repairs is almost a million. r I he oid nance, 
provisions, &c., amount to upwuids of a million anil u half. 
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(70.) Of these there were in commission 126, viz. % 
five three-deckers, varying’ from 104 to 120 guns, eight 
second and third-rates, varying from 74 to 84 guns; 
seven fourth-rates of 50 guns ; eight fifth-rates, varying 
from 36 to 46 guns; sixteen sixth-rates, varying from 
24 to 28 guns ; thirty sloops, varying from 16 to 20 
guns ; and nineteen 10-gun brigs ; the remainder being 
small vessels carrying from 2 to 8 gnus. The sailors 
mj uired for this force amount to 20,000, and the Ma- 
rines 9000. The Marines thus amount to nearly half 
the seamen. In 1793 they amounted to only one- 
seventh ; but in the latter part of the War the propor- 
tion rose to considerably more than one-fifth. 

(71.) The Officers of his Majesty’s Navy are divided 
into three classes, viz. % Commission officers, Warrant 
officers, and Petty officers. 

Tiie Commission officers are of the undermentioned 
denominations, and take precedence and rank in the fol- 
lowing order : — Flag officers, Commodores, Captains, 
Commanders, and Lieutenants.* 

Warrant officers are of the following denominations, 
which also represent the order of their respective ranks : — 


Masters, N«™1 Ar- 

Secretaries. _ chitadun,. 

8. Physicians, To rank with Lieutenants, of the ' 

4. ChaplaiiiH.t f Navy, but to be subordinate to them. 

5. Surgeons, 

6. Pursers, 

7. Mutes. 

8. Second masters. 

9. Assistant-surgeons. 

JO. Gunners. 

11. lloatswains. 

12. Carpenters. 

The Petty officers arranged according to their ranks 
are the following 

1. Schoolmaster. 3. Masters at arms. 

2. Clerks. 4. Ships corporals. 

(72.) The following Table contains an analysis of 

the various classes and denominations of the officers and 
men for tfhe several rates of our ships, and furnishes a 
good idea of the beautiful economy that prevails in 
this great and important particular. 


Classes for 
Distribu- 
tion of 
SeUurea. 

Ranks and Ratings. 

First 

Rate. 

Second 

Rale. 

Third 

Rute. 

Fourth 

Rate. 

Fifth 

Rate. 

Sixth 
Rate, j 

Slot 

!§-•£ 

lit 

Under « 
100 Men j 

Bomba 

Hi 

Sgs 

o oo 

oXn 




No. 

No. 

No. 

No. 

No. 1 No. 

No. 

No. 

No. 

No. 

T i 

Captain 

i 

1 

1 

1 

1 

1 

. . 

• a 

1 


l 

Commander 

» • 

. , 

. . 

. . 


• . 

1 

1 

• • 


f 

Lieutennnts of seven yours* j 











n 1 

standing and > 

8 

7 

C 








' 1 

All other Lieutenants . . . i 




5 

4 

3 

2 

2 

2 

1 

l 

Muster 

1 

L 

1 

1 

1 

l 

1 

1 

1 

1 


Chaplain 

1 

1 

1 

1 

1 

1 






Surgeon 

1 

1 

1 

1 

1 

l 

1 

1 

1 



Purser . 

1 

1 

l 

1 

I 

1 

1 

1 

l 


111. 


1 

1 

1 

l 

1 

1 





Assistant Surgeon 

3 

3 

2 

2 

1 

1 

1 

1 

1 

1 


Gunner 

1 

1 

1 

1 

1 

1 

1 

1 

l 



Boatswain 

1 

1 

1 

1 

1 

1 

1 

1 

1 



Chi 

rpenter 

1 

1 

1 

1 

1 

1 

1 

1 

1 



M. 

ite 1 

Midshipman J 

24 

20 

16 

10 

8 

6 

2 

2 

2 

1 



Master s Assistant 

6 

6 

6 

4 

4 

1 

2 

2 

2 

2 



Schoolmaster 

1 

1 

l 

1 

1 

1 







Clerk 

1 

1 

1 

1 

1 

1 

1 

l 

1 

1 


• 

Master at Arms 

1 

1 

1 

1 

1 

1 






g 

Admiral's Cockswain . 












1 

Ship's Corporal 

2 

2 

2 

2 

2 

1 

i i 

1 

1 



O 

Captain's Cockswain . . 

1 

1 

1 

1 

1 

1 

; i 

1 

1 



ir* 

Quarter Muster 

12 

12 

9 

6 

:> 

! 3 

! 3 

2 

2 

1 

IV. 


Gunner's Mato 

5 

4 

3 

2 

2 

i ‘J 

! 2 

2 

1 

1 


PL < 

Boutsivuiu’s Mate 

8 

7 

r, 

4 

! !i 

•i 

2 

2 

1 

1 


s 

Cuptain of Forecastle . . 

3 

3 

3 

2 

2 


2 

l 

1 




Captain of the Hold . . 

1 

1 

1 

1 

.1 








Cockswain of the Launch 

1 

1 

1 

1 

1 







b 

Ship's Cook 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 


C*4 

Sail Maker 

1 

1 

1 

1 

1 

1 

1 

l 

I 

1 



Rope Maker 

1 

1 

1 

1 

1 

1 

1 

1 





Carpenter's Mute. 

2 

o 

2 

2 

2 

1 

l 

1 

1 




Calker 

1 

1 

1 

1 

1 

1 

1 

1 

1 





Armourer 

1 

1 

1 

1 

1 

1 

1 

1 

% 


* Relative rank of Officers of the Navy and Army. 

1 . Admirals of the Fleet with Fluid-marshals of the Army. 

2. Admirals with Generals. 

3. Vice-admirals with Lieutenant-generals. 

4. Rear-admirals with Major-generals. 

5. Commodores with Brigadier-generals. 

6. Captains after three years from the dates of their fust com- 
missions for rated ships with Colonels. 

7 . All other Captains with Lieutenant-colonels. 


8. Commanders with Mujors. 

9, Lieutenants with Captains. 
10. Masters with Junior Captains. 

t Ti J ' A * s ii 


J \ lt « ve 7 gratifying to read the stiict and earnest injunctions 
orccd on the attention of the Chapluin in the Admiralty Instruc- 
tions respecting his important duties. To instruct, t.» be attentive 
to be very assiduous, are terms applied to all the different branches 
of his duty ; display ing an anxious concern for the religious, moral, 
andmteUectual welfare of all on board. 
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Classes for 
Dlatrlbu- 
tlon of 
Seizures. 


V. 


VI. 


VII. 


VIII. 


Ranks and Ratings. 


Captain of the Maintop . 
Captain of the Foretop . 
Captain of the Mast . . . 
Captain of the Afterguard 
Yeoman of Signals .... 
Cockswain of the Pinnace 

^ Sail maker's Mute 

Calker’s Mato 

Armourer’s Mate 

Cooper 

Volunteer of First Class 
Volunteer of SccomlClass 

Gunner's Crew 

Carpenter’s (’row 

Sailmaker s Crew 

Cooper’s Crew . ....... 


First 

rate. 


No. 

3 

3 

3 

3 
1 
1 
1 
1 
2 
1 
8 

4 
25 
18 

2 

2 


Second 

rate. 


No. 

3 

3 

3 

3 
1 
1 
1 
1 
2 
1 
7 

4 
22 
16 

o 

o 


Third 

rate. 


No. 

3 

3 

3 

3 
1 
1 
1 

2 

1 

6 

4 
20 
14 
2 


Fourth 

rate. 


No. 

2 

2 

2 


1 

1 

1 

4 

3 

13 

12 

2 

2 


Fifth 

rate. 


No. 

2 

2 

2 

2 

1 


Sixth 

rate. 


Sloops | 

J00 Men 
and up- j 
wards. | 

ss 3 i 


No. 

2 

2 

2 

2 


r 


Able Seaman 

Yeoman of .Store-room .... 

Ordinary Seaman 

Cook's Mato 

Barber 

Purser's Steward in Vessels in 
which a Purser is allowed 

Captain’s Steward 

Captain's Cook 

YV urd or Gun-room Steward. 
Ward or Gun-room Cook . . 

Steward’s Mute 

Landman 


Hoy First (’lass . . 
Hoy Second Class 


The num- 
bers in- 
1 eluded in 
f these ra- 
tings are 


First rates . 

Second -rates 
Thud-rates . 
Fourth-rates 
Fifth-rates . 

Sixth-rates . 

Sloops • • . • . 


Bombs ....< 
Brigs, &c. . . 


1 
1 
4 
3 
10 
8 
1 
1 

{ 1st Class . 
2d Cluss . 
3d Class . 
( 1st Cluss . 
* 1 2d Class . 
J 1st Class . 
* \ 2d Cluss . 

( 1st Class , 
* { 2d Class. 

\ 1 st Class . 
* I *2d Class . 

{ 1st ('lass , 
2d Class . 
3d Class . 
(1st Class. 
J 2d Class . 
* |3d Class. 
Uth Class. 

j 1st Class . 
1 2d Class . 


Bombs 


No. 

2 


13 

18 


Total ... 211 104 


12 

17 


10 

16 


7 

11 


174 131 


6 

10 

3 


111 91 


1 
1 

3 

2 
6 

4 
1 
1 

5291 

479 

429 

356 

306 

351 

301 

259 

159 

139 

119 

59 

29 

9 

47 

37 

33 

13 

16 

27 

17 

4 

f> 

1 


No. 

1 

1 


No. 


*51 

a « n 
svj a 


No. 


Making the 
total war 
complement* 
of 


G8 50 37 


f 900 
850 
801) 
700 
650 
650 
600 
450 
350 
300 
280 
175 
145 
125 
135 
125 
95 
75 
67 
60 
50 

1 

2 
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(73.) At the present time we have Admirals* flags 
flying at the Nore, Portsmouth, and Plymouth, in (lie 
Mediterranean, the West Indies, Halifax, und New- 
foundland, in South America, the East Indies, Lisbon, 
Cape of Good Hope, and coast of Africa, and on par- 
ticular service. In all ten Admirals.* These arc the 


* In 1812 wo had two Admirals’ flags flying >u tho Baltic, one at 
Leith, one at Yarmouth, four in the Texel und Scheldt, one at 
the Nor<v one in the Downs, one at Portsmouth, one at Plymouth, 
one Guernsey and Jersey, one in Ireland, three in the Channel 
fleet ; one on the coast of Portugal, seven in the Mediterranean, 
one at Newfoundland, one at Halifax, one at Jamaica, one ut the 
Leeward Islands, one on the coast of Africu, two in South 
America, one at the Cape of Good Hope, and one in the East Indies : 
in all thirty-four. 

The duties of a Commander in Chief are twofold — those relating 
to geueral service, and to tho Civil establishments. They will be 
found in the Admiralty regulations and instructionr dud embrace 
a vast variety of important objects. Frequently a Commander in 
Chief has to undertake matters of a diplomatic nature, and some- 
times he has to act on his own responsibility on circumstances of 
the greatest moment. This must of course lie on foreign stations. 
The admirable letters of Lord Collingwood show Ins case with 
what ability lie conducted some of the most delicate and important 
negotiations. In all the varied duties connected with hia extensive 
command in the Mediterranean, after the Battle of Trafalgar, he 
showed himself a profound, and provident, and truly English- 
hearted statesman. 

VQI . VI. 


present Naval stations. In former Wars, much uiiplea- 
sunt litigation arose among the llag-oflicers of his 
Majesty’s fleet, in consequence of the limits of the dif- 
ferent stations not having been properly defined. Since 
that time, however, the Admiralty have so marked the 
boundaries of each command, that any future dispute 
seems impossible. These limits may be seen in vol. v. of 
B re u ton’s Naval History , p. 348, Ac. 

(74.) At the present time also there are on the Navy Admirals at 
List one Admiral of the fleet, forty-six Admirals, fifty-live 11 

Vice-admirals, aud sixty-four llc&r-admirals. List ^ 

Their rates of sea-pay and of half-pay per diem are 
the following : — 

Sea-pay. Half-pay. 

Admiral of the fleet £6 U 0 £3 3 0 

Admiral 5 0 0 2 2 0 

Vice-admiral 4 0 0 112 0 

Rear-admiral or Commodore) 
of the first class, Captain 0 0 1 5 0* 

of the fleet I 

(75.) There are also 799 Post Captains, of whom fifty- JV* C “P“ 
four are actively employed. Their sea-pay is by the am "* 

* In the reign of James II. Admirals and Captains of the Navy 
received only very small pay, but were allowed in addition n rortnin 
retinue, and for the men composing it so much a day, with the 
value of their provisions. Those allowances led to great abuses. 

3 A 
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mouth, and is governed by the rate of the ship they 
command. A Captain of a first-rate in commission 
receives .£’61. 7». Ad. per month, and the other rates, 
down to the fifth, diminish (omitting some trilling 
fractions) by a common decrement of an eighth part of 
that sum, thereby giving to the Captain of the last men- 
tioned rate u monthly pay of £30. 13*. 8. The Captain 
of a sixth-rate receives a sixteenth part of j£6l. 7s. 4 d. 
less than a Captain of a fifth-rate. It would bo cu- 
rious to know what circumstances led to the determi- 
nation of these fractional decrements. A different scale 
of arrangement takes place in the pay of these officers 
when on half-pay. Each of the first hundred as they 
stand on the geueral list of officers in seniority receive 
14*. (id. a day; each of the next 150 a daily half-pay 
of 12*. 6d. and to the remainder 10*. 6d. per day.* 

(70.) Of the Comrrumders there are 881, of whom 
110 are employed on active service. The latter receive 
an eighth part of £61. 7*. Ad. (omitting a fraction) less 
than the Captain of a fifth-rate* Of this class of officers 
when on half-pay, each of the first 1 50 on the list receive 
10*. n day, and the remainder 8*. 6d.f 


Jiy ,m ( )rder in Council dated ii'Jd the extravagant 

number of servants previously allowed whs abolished, and the 
officers were allowed a number about equal to the present establish- 
ment. This wise and salutary plan, which excluded all profits on 
servants, and assigned an adequate rate of net pay, was, however, 
rescinded by Order in Council of 18th April, 1?00, which esta- 
blished the lollowing rates of pay, and reestablished the following 
extravagant number of servants : — 

Tay. Servants. 

Admiral of the fleet £5 0 0 50 

Admiral 3 10 0 30 

Vice-admiral 2 10 0 20 

Reur-adiniml 115 0 15 


and at these rates the pay of the flag-officers remained for upwards 
of 100 years, till, by Order in Council of ‘23il April, 1806, an 
alteration tnyk place. It was computed in the Appendix to the 
Order in Council of February, 1693, that the annual saving to the 
Public on the reduction of the servants, would be on each officer 
as follows : — 

Admiral of the fleet £1014 0 0 

Admiral 557 1 1 0 

Vice-admiral 304 4 0 

Rear-admiral 177 9 0 


* The Admiralty instructions to Captains respecting the fitting 
of ships, their stores and provisions, their books anil accounts, 
their discipline, pilotage, and sick quarters. Sic. &c. See., form a 
body of knowledge of a most important kind ; und we regret that 
our limits will only permit us thus briefly to allude to them. 

f In every sea-port of France, the resort, of ships of war, a 
Maritime Prefect is established, who is generally either a Vico or 
Rear-admiral. His functions correspond with thopo of a Port- 
admiral in Kngland. 

Francs per »nn. 

The Maritime Prefects receive, when not em- 


ployed ut sea 18,000 

Vice-admiral 15,000 

Rcar-admiiul (Centre ami ml) 10,000 

Post Captain (Capitaine de vaisseau, Istcluss) . 5,000 

Captain (Capitaine de vaisseau, 2d class) 4,500 

Commander (Capitaine de frigate) 3,500. 


When at sea, the officers receive a supplementary pay of one- 
fifth of the above, besides a daily mess allowance, which varies 
with the service or station on which they are employed. 

The pay and allowances of officers as well as men, and also 
all payments whatever made on account of the Bervice of tho 
Navy, are subject to a deduction of three per cent, for the sup- 
port of tho sick, and for granting pensions to Naval invalids. 
There never has existed in France any special asylum for aged or 
invalid seamen, similar to Greenwich Hospital. It is true, however, 
Naval invalids, after thirty years* effective service, when supplied 
with certificates of good character, and supported by high interest, 
maybe admitted into the Holt'i dc8 Invahdcs at Paris*, and it is 
also true that ihcro ore special Hospitals for the sick belonging to 
tho Navy, while in service, at Brest, Toulon, Rochefort, V Orient, 
and Cherbourg. 


(77.) The rates of pay of Post Captains and Com- Naval Ar- 
munders for the different rates and sloops and bombs, chite cture. 
may be represented by the following series, wherein p v— 
denotes the Captain's pay of a first-rate. 


p. . . Captain of a first-rate. 


ip... 

of a second-rate. 

f p ■■ 

of a third-rate. 

Ip.. 

of a fourth-rate. 

ip... 

of a fifth-rate. 

I 7 « p... 

of a sixth-rate. 

Ip..* 

commander of sloops and bombs. 


(78.) The Lieutenants amount to 3207 ; 658 of these 
being on active service. nants. 

(70.) There are 406 Masters, of whom 98 are ein- Masters, 
ployed. 

(80.) There are 12 Physicians belonging to the Navy, Physicians. 
712 Surgeons for service, and 318 Assistant Surgeons. Surgeons. 
92 Surgeons and 108 Assistant Surgeons are on active 
service. 

(SI.) The Pursers amount to 635, of whom 89 are Purrers. 
on service. 

(82.) The active list of Chaplains amounts to 37. Chaplain*. 

(S3.) As a proof, also, that the Admiralty are not 
unmindful of their important duties as regards the qua- 
lities of ships, and consequently their improvement, the 
following scries of questions forms a part of the in- 
structions issued to every officer on his taking the com- 
mand of a ship. 


t A Report of tho Sailing and other qualities of 
day ofj II is Majesty’s Ship , as found on 

18 5 strict observation thereof, between tho 
( of and this date. 

Fort. IiilIici. 

Her complement, of men is 

Her light draught of water was stated | 

to bo 

The draught of water which wus esti- 
mated by the builder to he bur best 

trim 

The draught of water found, on trial, to' 
he her best sailing trim, with three 
months’ pro\ is ions mid stores on i 

board J 

The draught of water found, on trial, to> 

be her best sailing trim, with as much I Forward. . . 

provisions and stores on board as she f Aft 

can conveniently stow J 

The necessary quantity of iron ballast 

for her 

The quantity of water she stows in herf In iron tanks 
fore und main holds \ In casks . . 


Forward . . . 
Aft 

Forward. . . 
Aft 

Forward. . . 
Aft 


With three months* f Draught of water jTVJ Warrt ‘ 
provisions and < tAlt * * *,* 


provisions 
stores on board 


l Height of ports . 


With as much provi-) Draught of water j 
■ions and stores on l 1 v 


Foremost . 
Midships . . 
Aftermost . 
Forward. . . 




How armed 


On lower deck 

On middle deck . f can»n«iw 
On main deck.. {<^ n — 
On quarterdeck 
On forecastle. > -(ciiumMMaAM 
'>° n P°°P {cm“n^d« 
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How many days of the following \ Provisions, 
articles does she stow fur her com- > Bread .... 

pleunent of men ? ' Spirits . . , 

Does she ride easy at her anchors ? 

How many degrees does site heel, with a fresh l 
breese, under single-reefed top-soils and top- > 

gallant sailB P ) 

How many degrees does she heel, with a strong 'i 
breeze, under double-reefed top-sails, without > 

top-gallant sails P. * 

How does she carry her lee -ports P 

Docs she roll easy or uneasy in the trough of I 

the sea P I 

Does she pitch easy P 

Is she, geuerally speaking, an easy or uneasy j 

How does she in 1 with all sails set P 

general carry j with treble-reefed top-sails 1 
and courses ? J 


her helm P ... j 
How does she steer ? 

IIow does she stay P 

How does she wear P 

Is she weatherly or leewardly, compared with) 

other ships ? J 

How does she behave lying-to ?. 


g’a 

1 3 0 

.-s 

jo a 

M « u 

1*9 

* 1 * 

Mr 


J 


a *3 

^ 55 


j® 


Close-hauled 

with 

smooth water. 


Close-hauled 
with a 
head sea. 


f ” j' Under whole or sin-1 KBoK F*uhom* 

gle- reefed top- 
sails and top-gal- 
lant sails 

Under double-reef- 1 
ed top-sails . . . . J 
Under double-reef-] 
ed top-sails and 
top-gallant sails 
Under close-reefed 
top-sails and 

courses 

Large, under all sail that could 

with propriety be set 

Before the wind under similar cir- 
cumstances 

What is her best point of sailing compared' 

with other ships P 

Comparative rate of sailing compared with other 1 

ships P I 

Is she, generally speaking, a well-built and 
strong ship, or does she, on tho contrary, 

show any symptoms of weakness ? 

Remarks, stating the grounds of such of the present 
answers as may differ from those of the last Re- 
port, and any other observations tending to form 
an accurate judgment on the qualities of the 

ship _ 

Captain. Master. Carpenter. 


There, must therefore be an immense body of yu1u&- Naval Ar- 
ble knowledge now buried in the innumerable returns ‘‘Inteeluio 
that, have been made to these questions, and fiom which 
the hnnd of industry might deduce some important results. 

(84.) Since the Peace, many keen and angry discus- dr.ms!** 
sions have taken place respecting the best mode of 
building our ships of war; and several experimental 
squadrons have been sent out, computed of ships built 
by different projectors. Nothing decisive, however, 
seems to have resulted from these attempts ; and Nava! 
Architecture, considered as a Science, seems now to re- 
maiu nearly as it did before. New plans have also been 
adopted for the internal fittings of our men of war; and 
in the case of the Thunderer, recently commissioned by the 
gallant Captain Wise, no cabins are permitted on the two 
gun-decks, the whole spuce being left free for fighting. 

(85.) Tile appointment of a new Surveyor of the Appii.it- 
Navy has led to the greatest changes in the forms and menthol a 
dimensions of ships hitherto attempted. The vessels in t j M . 

which Nelson and Duncan fought can hardly he com- N 'vy. 
pared with the magnificent, vessels now building in our 
Dock-yards. The following Tubles will furnish an ac- 
count of their principal elements. 


Dimemnms 
of the new 
ships. 


Dimension a . 


Names of the Ships and Vessels. 


Particulars. 





ltover. 

Knuke. 

1 

London. 

Cantor. 

Vernon. 

(Jorv. 

Urlp. 



U‘2Uiviis. 

3tj(jUllH. 

SOCiuiin. 

L 8(1 Hits. 

IG Guns. 



Ft. In. 

Ft. In 

Ki. In. 

Kt In. 

FI. In. 



203 (i 

159 0 

176 0 

113 0 

100 0 

Do. of keel for tonnage 

170 4 

133 7 jj 

144 6^ 

90 1 

76 94 



53 6 

42 C 

52 0 

35 0 

32 0 

Kxiivme breadth 


54 4 

43 0 

52 84 

35 1 

32 4 



23 2 

13 6 

17 1 

16 9 

14 10 

Burthen m tuns. . 

. .No. 

2598 

1283 

2082 

587 

418 


Ft. In. 

Ft. In. 

Ft. In. 

Ft. In. 

Ft. In. 

Calculated light (Furw. 
water line .... 1 Aft. . 

15 2 

12 8 

* ’ * ' 

9 5 

8 14 

18 3 

15 fi 


12 3 

12 0 

Ascertained linel 

Furw. 

• • • • 

12 8 

i:Vi 

. . . . 

8 1 

when launched. ! 

Aft.. 

.... 

15 2 

17 6 

ii’o 

1*2 4 

Constructed load! 

Forw. 

23 3 

19 1 

20 9 

13 6 

line 

Aft.. 

24 3 

20 1 

21 9 

15 0 

14 9 

Fore. 

8 2 

8 8 

10 6 

7 0 

6 3 

Height of ports . - 

Mids. 

[Aft.. 

7 0 

8 2 

7 8 

8 (i 

9 0 

9 9 

6 0 

6 2 

5 3 

5 i 


Dimensions 

of thru 
masts and 
yards 


(86.) The next Table gives the dimensions of their masts and yards. 





London. j 


Castor. 1 


Vermin. j 

Hover. 


Hnahn. J 



Length, j 

Diameter, j 

Length, j 

Diameter. 

Length, j 

Diameter. 

Length. 

Diameter. 

Leiij 

Hi. 

Diameter. 



Yds. 

In. 

In. 

Yds. 

In. 

In 

Yds. 

In 

In. 

Yds. 

In. 

J11. 

Yds. 

In. 

In. 



36 

28 

36 i 

29 

13 

27+ 1 

35 

7 

36 

22 

8 

21 


8 

21 

n 

Main masl 

39 

32 

40 

32 

0 

30j } 

38 

24 

38 

24 

■»i 

23 

21 

9 

23 


Much mast 

27 

8 

21« 

23 

2 

20 I 

27 

9 

24 

19 

20 

17 

• • 


.... 


Bowsprit 

25 

1 

302 

19 

19 

28 1 

2*2 

0 

34* 

14 

31 

21 

14 

12 

23 



20 

31 

20# 

17 

0 

17# 

19 

23 

21 

13 

0 

12# 

14 

6 

13 


Top-gallant mast . . 

10 

12 

10 J 

9 

6 

y| , 

8 

15 

11 

6 

12 

64 

7 

12 

74 



30 

13 

211 

25 

6 

174 

28 

4 

213 

17 

30 

15 

18 

6 

J24 


Top-suil yard 

21 

18 

13J 

19 

9 

12 ; 

21 

12 

13j 

H 

15 

9 

14 

18 

t* 


Top-gallant yard , . 

14 

8 

«s 

12 

12 

7* ; 

13 

12 

84 

9 

21 

6 

10 

0 

7 


[ Top mast 

22 

31 

20§ 

19 

6 

17# 1 

2*2 

14 

2) 

14 

27 

1^4 

14 

6 

13 

a I 

Top-gallant mast . . 

11 

17 

113 

10 

9 

10* 

9 

24 

114 

7 

G 

7f 

7 

12 

74 

•3 

Dower yard 

34 

28 

24# 

28 

2G 

19 i 

32 

8 

5*1 

20 

24 

If! 

18 

6 

12* 

3 1 

Top-sail yard 

24 

20 

154 

21 

20 

132 ■ 

24 

24 

15 

16 

18 

11 

14 

18 

9 


Top gallant yard . . 

16 

9 

10 

14 

20 


15 

10 

9 

10 

18 


10 

0 

7 

1 

Top mast 

16 

17 

13# 

14 

13 

n# | 

i l 2 

10 

1*4 

11 

3 

10 

• • 


.... 

a ’ 

Top-gallant must . . 

8 

8 

H 

7 

24 

7# 

1 7 

6 

84 

7 

6 

/?* 

• • 



3 

N 4 

Cross jack yard . . . 

24 

20 

154 

21 

20 

13# 

! 23 

18 

15 

16 

18 

11 

• • 



3 

Top-sail yard 

16 

12 

101 

14 

20 

8# 

! 15 

13 

9 J 

11 

18 

6 

• ■ 




. Top-gallant yard . . 

12 

3 

6* 

9 

8 

H 

! 17 

21 

6# 

7 

33 

4 4 

• • 


i*’4 


Driver boom 

23 

7 

13# 

19 

19 

11# 

t 19 

1*2 

12# 

12 

24 

10 

19 

0 


Driver gaff. 

17 

6 

12# 

15 

3 

10J 

| 16 

194 

10 

9 

0 

Ji 

1 2 

12 

10 

Al 


Jib boom 

17 

18 

15* 

15 

0 

125 

: 16 

0 

151 

11 

0 

10 

10 

0 



Sprit-sail yard 

21 

18 

13# 

19 

9 

12 

: 21 

12 

:3 i 

14 

15 

1 1 

11 

- r ~ 

18 

9 


3 a 2 
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Naval Ar- (87.) Such are the elements of some of the ships 
chitecture. built or building in our Dock-yards, under the new 
' -v*' state of things ; and others on a still larger scale are 
spoken of. The Americans, acting on a principle of 
policy, taught us the necessity of augmenting ihe dimen- 
sions of our ships of war ; and the vessels which our 
Dock-yards now produce, prove that the lesson has not 
been taught in vain. The increased expense arising 
from augmented dimensions, however, ought to render us 
cautious not to carry this principle beyond its necessary 
and proper limits. 

T; ,C | ICS ; . (88.) The great problem of breaking an enemy's 

claims of l ,lie * owes its origin entirely to Mr. Clerk of Eldin. 

Clerk* That splendid discovery ranks with many other great 
events which influence the fate of nations, and impart a 
new aspect to the affairs of men. By its ready and 
admirable adoption on the 12th of April, 1782, by 
Rodney, it led to the most decisive and brilliant results ; 
and other commanders, following up the same grout 
principle, have likewise gained from it an unfurling 
renown. It must, have been a source of the purest plea- 
sure to Mr. Clerk, to have witnessed the complete suc- 
cess of the theory on which he had so long aud so deeply 
meditated ; and, moreover, to have received as its richest 
fruits, the public admission made of his transcendent 
merits, by the most illustrious commanders of his time. 
Withiu the last two or three years, however, a keen and 
bitter controversy has sprung up on the subject ; and 
attempts have been made to dislodge Mr. Clerk from 
the high position to which public opinion had elevated 
him. The appearance of an eloquent and powerful 
Paper in the List volume of the Edinburgh Revitw ,* 
embracing the whole scope and compass of the inquiry, 
has fortunately tended, in a high degree, to strengthen 
the entrenchments which time, and the unequivocal 
testimonies of the greatest minds, had raised up around 
him. Had Mr. Clerk been professionally connected 
with the Navy, so great a master of tactics, aided by all 
the results of a large experience, could not but have 
attained to its very highest honours. How ol\en, in the 
history of knowledge, have great and important dis- 
coveries originated in quarters, from which they could 
have least been expected ; and how rich and varied have 
been the benefits thus resulting to mankind ! 

Importance (89.) Ail attention to tactics cannot but be of the very 

of tactics. fi rsl importance to a Naval commander. To neglect 
their cultivation is to give every advantage to the enemy, 
and to throw away that science which ought to be 
our guide. Our youngest seamen should he taught 
their rudiments, and a complete knowledge of them both 
in theory and practice should form a necessary purt of 
Naval education. The subject is replete with the deep- 
est interest in theory, and in its practice, is connected 
with the highest glory and renown. Naval tactics, it is 
true, have a limit in the possibilities of Navigation, and 
are, therefore, much less capable of variety of stra- 
tagem than the operations of armies ; but, although the 
Naval warrior cannot place his fleet in ambush, nor at 
all times press the foe in his weakest part, it must not 
be thence infer red that there is no room left for the exer- 
cise of skill. The remark of Nelson just at the com- 
mencement of the splendid Battle of the Nile, 44 Where 

THERE IS SPACE FOR AN ENEMY'S SHIP TO SWING, 


* Sir Howard Douglas has published a reply to this Article in a 
work entitled Naval Evolution*, London, 1832 j but we are bound 
to say that it does not appear to us satisfactory. 


THERE MUST BE ROOM FOR A BRITISH SHIP TO ANCHOR,' 9 
proves that, in his case at least, the ready eye of 
genius was capable of seizing on whatever could con- 
tribute to glory and success. To devise and execute an 
unexpected manoeuvre is, in fact, to secure the battle. 
This cannot be taught by books — the moment of 
invention is the moment of execution. 

(90.) On the important subject of impressment there 
has been much discussion during the Peace ; but though 
the practice is so much condemned, no one has been able 
to suggest an adequate remedy. There can be no doubt 
that its employment is painful, and to be justified only 
by imperious circumstances. It is absolutely necessary, 
however, on the breaking out of a War, that the English 
fleet should be the first to get possession and command 
of the Channel ; but how this can be done without the 
aid of impressment, has never been satisfactorily shown 
by those who contend for its entire abolition. It is an 
ancient prerogative of the Crown, on the maintenance of 
which mainly depends our Naval supremacy. 

(91.) According to Steel's Lists, the number of sta- 
tions at which we had press-gangs during the late War 
varied from forty-five at the commencement, to thirty- 
four at the close of the War ; and at these different sta- 
tions there were employed from eighteen to twenty-five 
Captains, and from forty-seven to fif ly-niiic Lieutenants, 
with u number of men amounting on an average to not 
less than twenty at each station. It has been stated 
also, that during the late Wur there were never less than 
five line of buttle ships, and sometimes eight, one 50- 
gun ship, three frigates, and five sloops, employed lor 
the purpose of securing impressed men. 

(92.) It is a circumstance most gratifying to record, 
that the waste of life in the trying and difficult enter- 
prises of the past War, by no means amounted to what 
might have been anticipated. For example 
There were on) f w l iere °f 

board the ships I Jan. 1, 18 1 1, tol38 f 5Sl . I !. 5 e - 
of war in all 1 died of 

^parts of the ) Jan. 1, , 8 12, to 136,778.' 

and 

| killed in 
battle. 

The average of the crews being 137,894, and the ave- 
rage deaths, by disease, accident, and battle, 4,554 , 
gives a rate of mortality of little more than one in 30 : J ;* 


Naval Ar» 
chitecture. 


Impress- 

ment. 


Stations of 

press* 

gangs. 


Small 

waste of life 
in the 
Nnvul ser- 
vice. 


World, seamen 
and marines 
amounting, 


Jan. 1,1813, to 138,324. 


in 1810,5183 
)iu 1811,4205 
in 1812,4211 


* Sussmilch, Got flic he Ordnunq , vol. iii. p. 00. supposes the ave- 
rage measure of inortulity for all Countries, taking town and vil- 
lages together to bo ono in 30. According to Cromo, thu mor- 
tality in Silesia, from 1781 to 1784, wan one in 30. In Guclder- 
land, from 1770 to 1781, it was one in 27, and the same respect- 
able authority states, that in the richest and most populous Stutes of 
Europe, where the. inhabitants of the towns are to the inhabitants of 
the country in so high a proportion as one to three, the mortality may 
be taken as one in 30. In several of the trades of the metropolis, the 
members of which, like the sailors, are between the ages of sixteen 
and sixty, the average mortality is greater than among seamen. 

In the Naval instructions it is judiciously observed, that, “am 
cleanliness, dryness, and good air are essentially necessary to health, 
the Captain is to use his utmost endeavours to obtain these comforts 
for the ship's company as much as possible. The ship is always to 
be pumped dry ;• the pump-well is to be frequently swabbed, and a 
fire let down to dry it, (proper precautions being taken to guard 
against accidents j) and if the weather should prevent the lower 
deck ports from being opened for a considerable time, fires are to 
be mAdo in the stoves, and by means of them and of wind suils the 
lower decks are to he kept as dry and as well ventilated as possible. 
The CAptain is to be particularly attentive to the cleanliness of the 
men, who are to wash themselves frequently, and to change their 
linen twice every week. They are never to be suffered to sleep in 
wet clothes or wet beds, if it can possibly be prevented, and they 
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Naval Ar- 
chitecture. 


Geographi- 
cal position 
of England 
favourable 
to her Na- 
val power* 


Her fleets 
in future 
Wars can 
net in great- 
tr masses. 


Her im- 
mense 
Naval su- 
periority. 


a result of a very remarkable kind, when we consider the 
diversified circumstances of climate, and giving a happy 
close to a review of the gigantic growth of our N aval power. 

(93.) The position of England at this moment in a 
Naval point of view is very remarkable. By her im- 
mense maritime superiority, she wields with eusc the 
sceptre of the ocean. The fleets which may be preparing 
in the ports of those who look upon her Naval supre- 
macy with jealousy and fear, are probably destined in 
future Wars to add to her own strength. Any idea 
of effecting a maritime coalition against her is de- 
stroyed, by her remarkable geographical position. 
L'Angleterre , says M. dc Pradt,* occupe. une position 
ccntrale entre le Nord et le Midi de l\ Europe; les 
escadres dc ces deux divisions dn Continent rut pour- 
raient done se rkunir qiVil la portae des cotes de l An - 
gleterre et en passant sous ses canons ; et ces escadres , 
quellcs serai cnt-ellcs ? Celles dc la Russie ? par oil sor- 
tiraient-elles ? A Heligoland , VAngleterre fermc le 
passage du Sund ; d Gibraltar , d Matte , clle interceptc 
touteequi navi gu e dans la M editor ranee, comma tout re 
qui entre dans cette mer on qui en sort . De Plymouth , 
elle. bloque Cherbourg et Brest ; ses votes correspondent « 
celles de la Hollander et, par ce rapprochement, la Bel- 
gique et la Hollande sont tenues en respect par la seule 
presence des j)orls Anglais : une coalition maritime 
contre VAngleterre est done mate riel lenient impossible; 
moralement , elle Vest plus encore . When France pos- 
sessed Canada, Louisiana, the Antilles, and settlements 
in India, it might have distracted in some degree the 
fleets of the English ; but now that the colonies of the 
French are so much reduced, the British fleets in future 
Wars will be enabled to act in greater musses than at 
any antecedent time. It hence becomes the policy of 
England, now that she has so triumphantly ascended to 
the very summit of maritime greatness, to consolidate 
her Naval power by every possible means. Favoured 
by Nature in so many ways, she cannot but maintain 
her superiority if she be true to herself. “ The ves- 
sels of a hundred different Countries wave their flags 
upon the Thames/’ says Dupiu, and “ nevertheless 

are often, but particularly after bad weather, to shake their clothes 
and bedding in the air, and to expose them to the sun and wind.” 

The following Tabic, taken from James's Naval History of the five 
great Naval victories of the last War, of the numbers killed and 
wounded, provos that sea-fights are not nearly so destructive us land 
battles. In the single Hattie of Talavera there were 47 M killed 
and wounded, being only 115 less than the whole number killed 
and wounded in the Naval battles alluded to. At Talavera, also, 
there were only 18,500 men engaged, whereas in the five Naval 
fights they amounted to upwards of 01,000. 


Date of the 
Naval victory. 

Name of the Admiral 
who commanded 
the Aevt. 

On board 
the 
fleet. 

Number 
of men 
killed. 

Number 
of men 
wounded. 

June 1, 1794. 

Earl Howe. 

17/241 

290 

858 

Feb. 14,1797. 

Earl St. Vincent. 

9,900 

73 

227 

O^t. 11,1797. 

Lord Duncan, 

8,221 

203 

622 

Aug. 1, 1798. 

Lord Nelson. 

7,401 

218 

C78 

Oct. 21,1805. 

Lord Nelson. 

18,725 

449 

1241 

1 

Totals ... 

6 1,488 

1233 

362f> 


Total killed and wounded . . 

4859 


* Appel a .’Attention tic la France sur sa Marine Mtli/aire par 
M. de Pradt, Ancien Archeveque de Matinee, Paris, 1832. Certes , 
says M. de Profit, let armies de C Europe no at que trop su trouver 
le chetnm de Paris ; mats comment ses vaisseaux trouvcruieni-tls 
cclui de Londrcs t 


there the British flags alone surpass in number those of Naval Ar- 
so many other nations. If the citizen of Lonckm is chitecture. 
justly proud at the sight of so many fleets of merchant 
ships, daily arriving from the sea, or descending the 
river,— these, to export the products of the national 
industry, those, to import the produce and treasures of 
the most distant climes,— -lie cannot contemplate the 
busy activity thut surrounds him, without feeling that 
he owes it all to the sovereignty of the sea. Nor are 
these evidences of unbounded and increasing wealth 
confined to the metropolis alone. He perceives Ed in- Hercom- 
burgh on the shore of the most beautiful gulf 0 f mcrcw - 
Scotland ; Dublin on the spot most convenient for a 
rapid communication between London and Ireland ; 

Quebec on the banks of the St. Lawrence ; Calcutta on 
the borders of the Ganges ; Halifax on the Northern 
coast of America ; and the City of the Cape on the 
Southern extremity of Africa — the Cape of Storms,* 
which must be doubled in order to connect Europe with 
India; — in a word, in all parts of the World, the central 
pointsofthcBritish power participate in the benefits of the 
commerce of the sea; and by these benefits contribute to 
the splendour, the wealth, and the power of the Country.” 

(94.) “ In England, in Scotland, and in Ireland too, 
not only the Capitals just alluded to, but a multitude of 
cities of the first rank are built on the sea-eoasts, or oil 
the borders of large navigable rivers. Hence Liver- 
pool, Bristol, Hull, Dundee, Aberdeen, and Glasgow, 

Belfast, Cork, and Waterford, become united by com- 
merce with all the cities and all the manufactories 
of the interior; the interests of the maritime ports 
blending thus in harmony with all the great and 
transcendent interests of the Country. No other Coun- 
try, also, is so wonderfully interacted with roads and 
canals; there being no point within the three king- 
doms, from which one may not, in four and twenty 
hours, arrive at one or other of the seas which surround 
them.” The commerce and Navul power of England and Naval 
hence mutually feed and protect each other. Commerce is 
at once the producer of wealth, and the constant, unwearied each ( other, 
nursery of seamen ; so that in the season of peace, the 
national enterprise is kept up, and a race of men arc 
prepared by previous hardships, and by encountering 
Tropical whirlwinds and the icy seas of the Poles, to 
maintain the glory and renown of preceding wars. 

(95.) As the growth of our Naval power has been gra- Fuither 
dual, advancing by slow but certain steps from one con- nk'l* to he 
dition of greatness to another, so has its administration I? 44 * 1 /; ’ f ou . r 
on shore not been without obstacle und difficulty. Our „ t i .»citVct. S 
Dock-yards, in no instance, present an example of an 1 
establishment that is perfect. It reinuius yet to be seen 
what a perfect Dock-yard should be ; one that shall em- 
brace magnificent basins, and be surrounded by spacious 
wharfs and quays; and have its most laborious duties 
performed by machines planned and executed by men 
capable of imparting to them the latest improvements in 
Mechanics. In former times, the various parts of the 
same Naval establishment were scattered ; nor does the 
principle of concentration, so necessary for economizing 
time, and for uniting in a focus all the powers of a 
great department, seem ever to have been contemplated. 

Ships were built at one place, their victualling stores 
were received from another; their water at u third; 
their beer at a fourth, and their ordnance and powder 

* Cabo Tormentoso, so cal let 1 by Bartholomew l)ia* f a Portu- 
guese. John 1. of Portugal gave it the more inviting name of 
** The Cape of Goufi Hope.’* 
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Naval Ar- from a fifth. Instead of one eye presiding over andcon- 
rhitiTture. trolling aU the neeehsary elements for the speedy equip- 
ment of a numerous fleet, separate and sometimes con- 
interests wcr c called iuto acliou ; delays of ines- 
system. eengers impeded the advancement of one ship, whilst 
currents and contrary winds, not then subdued by steam, 
occasioned stoppage in another. No wonder, in such a 
system of things, that our gallant seamen — a St. Vin- 
cent, or a Nelson, — sometimes in the ardour of their 
zeal, and impatient to meet the foe, bestowed words of 
bitter condemnation on our Dock-yards. 

Those evils (96.) These evils, however, since the Peace, have gra- 
now under dually been under correction. In the two great Naval sta- 
cor vection. ^ 0U9 0 p p or t smou th u nd Plymouth, advantage has been 
taken of loculity to bring the different departments more 
New Vic- into union. The Victualling Office at Plymouth, which a 
tualling en- f<»iy years ago was placed in a narrow ami inconvenient 
lnV" ntlIlt ?^ ace rcmote fr° m the Dock-yard, is now brought almost 
*nontii. into juxta- position with it, forming the Eastern side of the 

beautiful natural basin of Ilamoaze, whilst the Dock-yard 
and gun-wharf form the Northern. Here, in this new crea- 
tion of the Pennies, is to be found every thing requisite 
for the victualling of a fleet. Ample storehouses, corn- 
mills, and bakehouses of enlarged dimensions,* slaughter- 


* Until within the last few years, all the flour and biscuit con- 
sumed in the Navy was furnished by private contract The most 
flagrant impositions and frauds were but too generally the conse- 
quence of this mode of sunply, in defiance of all the vigilance of the 
heads of departments. The flour and biscuit were stipulated to be 
of the second best quality ; but instead of this, the former was ge- 
nerally mouldy, dumuged, or or a very inferior description to that 
bargained for ; while the latter was usually compounded of bad 
flour, beau meal, old worm-eaten biscuits ground down, and various 
other cheap or unwholesome materials. To obviate these frauds, 
Government, a few jears ago, erected steam-mills at Deptford and 
Portsmouth, for the purpose of grinding flour for the Navy ; and u 
very superior and cheaper article being the result, it was determined, 
in addition to grinding the flour, to attempt also the manufacture of 
biscuit from it, at these establishments. The impossibility of ac- 
commodating and effectually superintending the multitude of bakers 
required to knead the dough in the usual way, by hand, so as to 
effect the supplying of the whole Navy, would have rendered this 
praiseworthy effort, in a great measure, abortive, had not the inge- 
nuity of Mr. Grant, storekeeper at Portsmouth, obviated the diffi- 
culty. By the attachment of u few simple pieces of machinery to 
the engine driving the flour-mill, the dough is now worked, rolled 
out, und stamped into biscuits, with an expedition inconceivable, and 
with a saving of two-thirds of the number of bakerB required to 
perform these processes by hand. The flour ami water are first put 
iuto a trough, through which passes an iron spindle, armed with 
eighteen knives, in two rows, i. e. nine in each row, on oppusitc sides 
of the spindle. A strap connected with the engiue turns the 
spindle round, and by means of the revolving knives, the flour and 
water are in a few minutes worked iuto dough tit for being stamped 
into biscuits. The dough is now taken piecemeal from the trough, 
and shai>ed by hand into longish rolls upon two movable baking- 
bourds, supported by small iron pillars, having castor wheels at the 
top ; these pillars are in three rows, extending from the trough to 
the two .rolling machines ; and along the castors upon their top9 
the baking-boards ure pushed by hand, towards the rollers, under 
which the dough is rolled out into thin cakes, by their back- 
ward and forward swinging motion. The bakmg boards are now 
pushed out by hand from under the rollers, and slided along three 
other rows of pillars, connecting the two rollers with the two cut- 
ting machines, each containing forty-two hexagonal dies, under 
which they ure momentarily placed, and eighty-four biscuits are thus 
cut out by a single stamp of the two machines. The kneading, 
rolling, and stamping portions of the machinery in ing separate, can 
consequently be put in separate motion or ut rest at the will of the 
baker. By the machinery at Portsmouth, under Mr. Grant's su- 
perintendence, 160,000 pounds of biscuit can be manufactured in 
twenty-four hours ; constituting a day's ration for thu crews of 
twenty sail of the hne ; and with eight or ten such pieces of 
machinery, biscuit rations may be daily manufactured for 160,000 
men, being the greatest number of seamen und marines employed 
during the hottest i>eriod of the late War. The biscuit is free from 


houses, cooperages, brew houses, all under the eye of an Naval Ar- 
intelligeut and active superintendent,* cannot but pro- chitecturo. 
duce, aided ns it must be by the application of steam to s— 

Naval power, the most astonishing results/!* Other im- 
provements will doubtless take place in the Dock-yards 
themselves ; machinery will be more extensively em- 
ployed; railways will be laid down ; Science will gain 
a greater ascendency ; the true principles of labour will 
be better understood ; and thus by one improvement 
added to another, und a rigid economy in all the depart- 
ments of the State, the Naval power of England shall 
rise higher and higher in the scale of greatness, main- 
taining her transcendent superiority in spite of all the 
rivals who endeavour to pull her down. 

Equidistant Ordinates. 

(97.) Ships disclose a variety of parts whose solidi- Equidistant 
ties and surfaces require to be computed with preci- ordinates, 
sion ami care, but whose mixed and uncertain forms 
can only be reached by approximation. If we take by 
way of examples the surface of the water section, the 
figure of the immersed volume, the portions of the 
vessel plunged at times beneath the sea in the acts of 
rolling and pitching, or raised above the waves by their 
buoyant power, we shall find forms both of a solid and su- 
perficial kind, incapable of reduction to any regular figure. 

(98.) Various methods have been devised by IVlathe- Methods of 
muticiuns for computing the areas and solidities of figures computing 
of this kind, by the aid of equidistant ordinates referred irregular 
to a common axis. These modes of calculation are **£ ure *'* 
found to approximate with more or less certainty to the 
desired end ; and much of the accuracy, whatever rule 
be employed, will depend on the increased number of 
the ordinates themselves. 

(99.) There are two rules commonly employed in Two rules 
these kinds of calculation, distinguished for their sim- commonly 
plieity and accuracy. The first may be exhibited under em l , h»J w k 

the form of (2 + 4 S + 2 s) 


llintiness, and in every respect more ]>aUtul>le than that made by 
hand, in consequence of being more thoroughly kneaded. From 
the rapidity of the manufacture, also, no more biscuit need now be 
baked than is required for immediate use, from the supply by this 
process being as curtain as it is rapid, so that our seameu will always 
in future have fresh-baked and wholesome biscuit served out to 
them, even on foreign stations, instead of the stale, mouldy, worm- 
eaten, and unpalatable contract trash generally furnished during 
the War, which had often been baked tbr years before issued. It 
is only those who have been doomed to the penuncc of the contract 
flour and biscuit that can duly appreciate the great boon conferred 
on our brave seamen by this project of the Government ; the above 
articles now supplied to the Navy being very supeiior in quulity to 
those furnished lor the merchant service— such, indeed, as are fitting 
for any gentlemun’N table ; and all this at a much lower cost thuu 
the former contract supplies. 

In addition to the usual King's mark of the broad arrow, the 
word “ Machinery'* is stamped upon the biscuits By thu Naval 
estimates for thu years 1833—34, it appears that Mr. Grant has re- 
ceived the gum of £2000 for his ingenious invention. 

* Captain Phipps Hornby, K.N. C.B,, ono of the gallant heroes 
who commanded in the famous action off Lissa, 13th March, 1811. 

f Frequently during thu last. War, and doubtless in all pre- 
ceding Wars, ships were wind bound for u considerable tune in 
the liui hour of Hamoase, entirely ready for sea, commanded by an 
aident Captain, but unable to move. Now, the moment a ship is 
ready, a steamer can take her down the harbour, and, il necessary, 
carry her ut once out to sea. Not long before this note was written, 
its writer saw the Caledonia, a first-rate of 120 guns, taken down 
by two little steamers, one lashed on her larboard bow and the 
othor on her starboard quarter. The great ship was moving with- 
out a sail, her numerous crew were motionless, enjoying the Ncene. 
It seemed like two infants beuring a giant to some great labour. 
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Naval Ar- where 2 represents the sum of the extreme coordinates, 
chitecture. S the sum of all the even ordinates, s that of the odd or- 
v— ' di nates, and i the common interval between the ordi- 
nates. In this rule it is essential that the uniform la- 
mina, into which the area or solidity be divided by the 
equidistant ordinates, sliould, whether those ordinates be 
lines or areas, be in all cases an odd number. This rule 
is founded on the supposition that each portion of the 
curve passing through the extremities of three successive 
ordinates, is a portion of a conic parabola ; and hence 
the error arising from its general application will only be 
the spaces intercepted between such parabolic segments 
and the given curve. 

(100.) Another rule was brought into practice by 
Atwood, wherein he supposed arcs of a cubic parabola 
to pass through every four successive ordinates, the 
number of ordinates being a multiple of 3 + 1. This 
rule he exhibited under the form of 

(S + 2 P + 3 Q) L*. 

wherein S represents the sum of the first and last or- 
dinutes, P the sum of the 4th, 7rh, 10th, Ac. ordinates, 
Q that of the 2d, 3d, 5th, 6th, 8th, 9th, &c. ordinates, 
and i the common interval among them. 

(101.) In the application of either of these rules to 
the important objects before us, care must be taken that 
the ordinates be sufficiently multiplied as to admit of 
no sudden transitions in their lengths. Should such an 
instance occur, and it may do so in the practice of Naval 
Architecture, a new abscissa should lie adopted, to 
embrace, with the aid of new ordinates applied to it, the 
areas or solidities of such irregular parts. 


Tim dis- 
placement 


varies be- 
tween the 
limits of the 
light and 
load water 
lines. 


No inva- 
nahle rela- 
tion be- 
tween thn 
light and 
load dis- 
placements. 


The Displacement. 

(10*2.) It is a maxim in Hydrostatics that any floating 
body, whatever be its dimensions and form, will always 
displace a volume of the fluid in which it is immersed, 
exactly equivalent to the weight of the body ; and the 
truth of the principle will be evident when we consider 
that the upward vertical pressure of the fluid supporting 
the body is exerted in precisely the same way, whether 
it acts on the body or on the volume of fluid previously 
displaced. To discover the total weight of a ship, 
therefore, it is only necessary to ascertain the weight of 
water she displaces when she floats in equilibrium ; the 
question hence becomes one of ordinary mensuration, to 
find the number of cubic feet contained in the body 
below the plane of fiotution, having its figure and 
necessary dimensions given. 

(103.) The displacement of a ship is, however, a 
variable quantity contained between the limits of the 
light, and load water lines, the first representing its 
minimum state, or the weight of the hull just as she is 
launched, and the second its maximum condition, when 
the vessel has received her masts and yards, her rigging, 
sails, ballast, water, provisions, and men, guns, powder, 
shot, boatswain’s and carpenter’s stores, &c., and in 
fact, all that she may require to fit her fot the great 
purposes of war. Between these two limits, therefore, 
there maybe every imaginable variety of displacement, and 
hence it is not unusual to estimate the displacement even 
of a single inch, both at the light and load water lines. 

(104.) There seems to be no fixed and invariable 
relation between the light and load displacements, even 
in ships of the same class ; and among different classes 
the differences are very remarkable, though here and 


there coincidence* mny he met with worthy of attention, k, v «I \t. 
but which, nevertheless, seem more the result ot' aeci- chitectwv. 
dent than d any settled design. i 

(105.) In the following Table we have given the dis- ]w ftC e- 
placemeikts of several classes of ships, derived from Mr. me»i« of 
Edye's excellent Naval Calculations; and in order more S ‘ V ‘* T “1 
clearly to show the relation of the two, we have intio- c !“ hSl ' s of 
duced the actual light and load displacements in the " hir *’ 
first and second columns, representing the former by the 
constant quantity, 100, in the third column, ami placing 
in the fourth, the proportional numbers for the corre- 
sponding displacements at the load water line. 

(106.) Among some of these ships there exists a re- Relation* 
lation worth adverting to. The 120 and 92-gnn ships, between 
for example, are both related as 100: 187 ; the 80-gun l m * 1ini,ar 
ship and the small vessel, the Rover, as well as ^ lie * hll>, *‘ 
razfce 26, and the 10-gun brig, and between one or two 
others there exists a close approximation. The greatest 
difference in the two displacements exists in the 52-gun 
ships, and the least in the raz 6c of 50. The contrast 
between these two vessels, considering how small is the 
difference in their fighting forces, is very remarkable, 
and shows what immense powers of capacity and stow- 
age a skilful architect may impart to his vessel, while he 
preserves unimpaired her fighting powers. 


Kale ni Ship. ] 
1 

I.ipdit ni*i»l.i»’i*- 

incnt in Foot. 

I. 11111 I DiHv.Uco 
infill in Foul. 

Proportional 

N (unitors. 

First .... 

120 

86,098 

160,614 

100 

1*7 


80 1 

65,296 

124,977 

100 

191 


71 : 

56,287 

104,920 

100 

186 

Razee 

r.o ! 

50,673 

87,151 

100 

172 


r»2 | 

36,071 

75,420 

100 

209 


40 

26 , 725 

50,755 

100 

190 


*20 1 

24 , 430 

41,805 

100 

183 


28 

1 3 , 508 

27,277 

10U 

201 i 

Corvette. 

18 

10,314 

21,171 

100 

207 ! 

Ci i lu-brig 

1H 

8,068 

16,035 

100 

i 199 i 


10 

! 5,693 

10,404 

100 

183 1 

Schooner 


3,983 

7,338 

100 

1*4 

Cutter 


2,835 

5 725 

100 

202 ( 



Class ok New Shies. 



London . 

. .92 

77,420 

141,532 

100 

187 ; 

Castor . . 

..36 

33,026 

03,801 

100 

193 1 

Vernon. . 

..50 

48,510 

89,747 

100 

185 | 

Rover . . 

..18 

10,430 

19,899 

100 

191 I 

Snake . . 

..16 

8,050 

16,23 1 

100 

189 j 


(107.) The proportional relations of the load dis- 
placements of different classes of ships are given in the J.V-V*- v, iii-utii 
next Table, adopting 1000 as the representative of niVtlwse- 
ship of the first class of 120 guns. \eral rules. 



Rate of Ship. 

Proportional Numbers for 
the Displacement. 


120 

1000 


SO 

778 


74 

653 

Razee . . . . 


513 


52 

170 


•10 

3I« 


26 

279 


28 

170 

Corvette. . . 

lrt 

133 

Gun-brig .. 

IS 

99 

10 

ti > 

Schooner 


if-; 

Cutter . . . 


.36 
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ch ilecl lire. 


Importance 
of the dis- 
placement. 


How it is 
applied. 


New Class of Ships. 


London 92 890 

Castor 36 S9B 

Vernon 50 559 

Rover, corvette .18 124 

Snake, brig 16 95 


(108.) To determine the displacement of a ship is 
a great and important problem. The forms of ships 
already constructed very frequently guide the Naval 
Architect in estimating the displacement of a new 
vessel ; but cases muy arise wherein he may feel dis- 
posed to have recourse to first principles, and reascend- 
ing to the elements of his Art, to compute from the 
dimensions and specific gravities of the different mate- 
rials to be employed in composing his vessel, her com- 
plement of men, her guns, the vast variety of her stores, 
and the absolute amount of her weight. This it will 
be obvious must be a laborious process, and requiring 
immense processes of calculation ; but such obstacles 
will have little influence with him who is destined to 
extend the boundaries of the Art. 

(109.) Having, however, this weight, whether de- 
rived from former vessels, or by the method last adverted 
to, the Naval Architect will proceed to assign to it a 
displacement capable of giving him the stowage, the 
velocity, and the qualities necessary for fighting with 
ease and security her guns, even in a troubled sea. It 
would appear as if this latter element has in very many 
cases been singularly neglected, and that the lower deck 
ports have been so near the water as to afford room for 
great apprehension, nr at least to impair the fighting 
powers of the ship, by the necessity that existed of fre- 
quently closing them. Among the ships now actually 
existing in our fleets, the height of the midship ports 
of a first-rate of 120 guns appears to be but 5 feet 
6 inches, and of a 74, but 5 feet 8 inches above the 
water ; whereas in the new class of the London of 
92 guns the midship ports will be elevated 7 feet, 
and in the Vernon 9 feet. So the old corvette of 
18, which had her midship ports only 4 feet 11 inches 
above water, in the Rover will have them 6 feet.* 


* Thu height of the midship ports is from the circumstances of 
construction at a minimum elevation above the water, the fore and 
after ports being much higher. In the second column of the an- 
nexed Table we have the excess of the height of the fore ports 
iib<»\e the midship ports ; and in the succeeding column the height 
of t?ic alter ports above the same. 


Class of Ship*. 

Excess of Height of 
Fore Ports above 

Excess of Height of 
After Ports above 


120 

Alldship Ports. 

Ft. In. 

1 4 

Midship Ports. 

Ft. in, 

1 0 


SO 

2 9 

0 10 


74 

1 10 

0 l 

Raate 

50 

1 0 

0 1 


52 

1 2 

1 0 


40 

0 10 

0 10 

Rasfe 

, 26 

0 11 

1 5 


28 

0 3 

0 6 

('lil VL‘tt0. • . . . 

18 

0 8 

0 11 

Gun-brig. . . . 

18 

0 8 

1 1 

10 

0 5 

0 4 

Schooner . . . 

• . . 

1 2 

0 2 

Cutter 


2 7 

0 9 

London 

92 

New Class. 

1 2 

1 2 

Castor 

36 

1 0 

0 10 

Vernon 

50 

1 G 

0 9 

Rover corvette 

18 

1 0 

0 2 

Snake brig • • 

16 

1 0 

0 1 


This is so important a consideration, and the mode of Naval At- 
computing the necessary displacement corresponding to chitecture. 
a given weight, is now so completely understood, that ^ 
it would be unpardonable in the present state of our 
knowledge, to construct any ship without a due atten- ® 0 ^ t . wm,ns 
tion to so important a principle. It is proper to give a 
ship the requisite stability with as little ballast as 
possible, which will enable the constructor to reduce the 
displacement, and may facilitate the sailing and work- 
ing of the vessel. Hence every weight introduced into 
a vessel should be kept as low as possible. In the case 
of a merchant-ship it is manifest that if the weight 
of the hull, rigging, and necessary stores be known, and 
the umount of displacement also, the weight of her 
cargo may hence be determined. 

(110.) Bougucr, whose mind seems to have been Appruxima- 
directed in so many ways to simplify all the processes of jl OM 
computation in Naval Architecture, imagined that a ou ^ uer ‘ 
close approximation to the displacement might be ob- 
tained by considering the ship’s body a semi-spheroid , 
to which perhaps it assimilates more closely than to 

any other body. The content of a spheroid being 

of its circumscribing parallelopiped, he supposed the dis- 
placement might be obtained by estimating the same 
fractional part of the rectangular solid contained by the 
three principal dimensions of the ship at the water’s 
surface. In the case of sharp ships, he modified the 

fraction to but it would seem that the results give 
28 

considerably less than the true displacement. 

(111.) The state of Naval Architecture at the pre- More accu- 
sent time, however, requires the application of more ra, « me- 
accurale rules. Wc have already alluded to formula?, 
which, applied to a body like a ship, are capable 0 f ^‘cebsary. 
affording the solidity of the whole or any part of it im- 
mersed ; and so accurate are the practical modes now 
adopted by the ship-builder, that the error in the total 
weight of a ship of 3000 or 4000 tons, is often less than 
half a ton. The finding the displacement of a ship is, 
however, only an ordinary problem in mensuration, and 
to a geometrician cannot present the smallest difficulty. 

(112.) The sheer and body plans arc necessary, in gh ccr an( j 
order to find the displacement. Suppose A B C D, body ].i.inn 
plate i. fig. 1, to represent the sheer draught of a ship, necessary 
and W iv the load water line for which the displace- ,ho 
ment is to be calculated. In this line take two points, 

E and F, each within a few feet of the stem and stern ; 
and let the interval E F be divided into such a number 
of equal parts, that the number of points of division, to- 
gether with the extreme points E and F, may either be 
represented by un odd number, or be a multiple of 
3+1. Through these points, let perpendiculars, 1, 1 ; 

2, 2 ; 3, 3 .... 26, 26 ; 27, 27 ; 29, 28; be drawn to the 
water line, and the vessel will be divided into vertical la- 
mina?, of equal thickness. Moreover, let O P Q, fig. 2, 
represent the body plan of the same ship, the lines £ 1 ; 

2, 2 ; 3, 3 ; 4, 4 ; &c. representing transverse vertical 
sections extending to the outside of the ship, at the 
several stations 1, 2, 3, 4, &c. in the sheer draught, fig. 

1 ; those on the right hand, being the vertical sections 
before the midship section, and those on the left, the 
vertical sections abaft the same section. Moreover, 
below the load water line W m?, let several horizontal 


There are only two differences in the Tuble, it will be remarked, 
which are equal, namely, the Razee 46, and the London 92 guns. 
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Naval Ar- lines, 22, 33, 44, &c. be drawn parallel to it, at some 
chitecture. constant distance, suppose a foot from eacli other, both 
in the sheer and body plans. These sections will divide 
the body of the ship into horizontal laminae of uniform 
thickness. Sometimes, however, the thickuess of the 
horizontal sections in the upper body exceed those in 
the lower body, the form of the ship requiring the hori- 


zontal sections to be increased in the latter, ir now the Knval Ar. 
Imlf breadths on the several horizontal lines of the sections clutwtma. 

in the body plan be carefully measured, by means of the v ' 

scale of the drawing, the numerical results will be found 
as in the annexed Table. These half-breadths may alao 
be found by means of fig. S. 


Table of Ordinates. — Vertical Sections of Middle Body . Common interval Gfeet. 



vou, VI. 
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Of Afar Body. Common interval 1 .83 feet. 


Of Fore Body. Common interval 3 fat. 


Naval Ar- 
chitecture. 


w ; 

■£< 


§:Js 

►J *<3 


i 


>>',2 


^ .2 
o CI3 


Piece* aft 
liicitlilllig 
Pont and 

It udder 

7 

6 

ft 

4 

3 

2 

l 



Middle 

areas. 

1 

2 

3 

4 

5 

Pieces for- 
ward iaola- 
ding the knee 
of bead. 

149.06 

103.67 

67.21 

39.30 

19.27 

Whole half 
horizontal 
areas. 

1011 .72 

Ci7 . 95 

4 1 . : d ; 

26 . <)3 
19.00 

.8 

3.8 

2.13 

1.43 

.9 

.74 

7.51 

4.0 

2.34 

1.43 

1.02 

10.6 

5.81 

3.32 
2.00 

1.32 

12.87 

7.53 

4.42 

2.55 

1.62 

14.69 

9.25 

5.44 

3.24 

2.0 

16.05 

10.73 

6.5 

3.88 

2.35 

1 

2 

3 

4 

5 

1 

2 

3 

4 

5 

3856,38 

3713.13 

3401.77 

2962.51 

2412.-10 

18.55 

15.00 

11.14 

7.65 

4.54 

16.4 

12.54 

8.7 

5.42 

2.9 

13.30 

9.2 

5.72 

3.12 

1.36 

8.72 

4.84 

2.22 

.8 

• • 

• • 

4115. 17 
3884.75 
3510.34 
3028.73 
2150.67 

Arcus from 
oril 1 to 
ord. fi. 

•• 

19.52 

34.85 

49.80 

63.65 

77.53 

89.84 



.. 

135.87 

108.54 

75.43 

30.30 

• • 

.. 


" 1 


7 

6 

5 

4 

3 

2 

1 




1 

2 

3 

4 

5 



19.00 

17.77 

15.91 

15.46 

13.55 

13.17 

1 . 1.53 

12.08 

J JO . 91 

10.7 

JO . 31 

!.* 

.74 

.73 

.68 

.67 

.62 

.62 

.6 

.58 

.57 

.55 

.55 

1.02 

.97 

.92 

.87 

.8 

.75 

.72 

.67 

.63 

.58 

.58 

1.32 

1.23 

1.13 

1.04 

.97 

.87 

.82 

.74 

.65 

.64 

.6 

1.62 

1.45 

1.3 

1.18 

1 .08 
.97 
.89 
.82 
.75 
.68 
.62 

2.0 

1.76 

1.55 

1.43 

1 .28 
1.13 
1.00 

f 

.75 

.65 

2.35 

2.33 
1.95 
1. 72 
1.51 

1.33 
1.18 
1.04 

.9 

.8 

.72 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

2 

l 

9 

10 

2412.40 
2256.88 
2100.80 

1952.41 
1763.44 
1571.87 
1337.98 
1016 . 8 G 

593.80 

374.48 

213.74 

4.54 

3.78 

3.16 

2.63 

2.08 

1.56 

1.15 

.76 

2.9 

2.38 

1.89 

1.5 

1.1 

.74 

1.36 

.87 

• • 

• a 

• m 

• ft 

* • 

«• a 

• • 

a • 

• * 

• a 

• • 

• • 

• ft 

• « 

ft • 

ft 

• ft 

19.27 

16.27 
12.26 

9.74 

6.98 

6.68 

5.13 

4.6 

11.08 

7.81 

11.60 

2450.67 

2290.92 

2128.97 

1977.61 

1783.96 

1591.72 

1356.64 

1033.54 

615.79 

392.99 

235.65 

AriMM Horn 
ord. b or l 
to ord. ) \ 


4.7 

5.77 

6.78 

7.67 

8 . 9 G 

10.55 

- 


•• 

12.73 

6.51 

.83 

•• 

• • 

•• 

•• 

1'n'cen be* 
low Includ- 
ing the 
keel u ud 
false keel. 

15.71 

1.28 

1.29 

1.3 

1.31 

1.32 

1.33 


•• 

2.92 

3.36 

3.5 

7.07 

4.96 

i 

•• 

•• 

Whole hoi? 
arras of the 
vertical 
sections. 

15.71 

15.66 

41.94 

57.88 

72.63 

87.81 

101.72 



•• 

151.52 

118.41 

79.76 

37.97 

4.96 

•• 

•• 


Dimensions (113.) The dimensions contained in the preceding 
in ' tiiUo ^ w ‘" e^ahle us to obtain the displacement, both by 

"liable us to vertical and horizontal sections into which the ship 
fiiul thmliH- has heeu divided. If we adopt, in the first place, the 
j 1 1. triune nt vertical sections, the area of each must be found between 
both by ver- |} 1C ] oa( \ W atcr line W w, and the lowest horizontal line 
horizontal w ^ 1,c ^ ' las been drawn, by means of one of the formulae 
sections. before given ; and to this must be added the small areas 
below the last-mentioned line, consisting of the remain- 
ing curvilineal areas of the section, together with the 
Vntiral areas of the sections of the keel and false keel. These 
sntiiMK. results will enable us to obtain the entire half areas of 
all the vertical sections from E to F. If now either of 
the formula? be applied to the successive areas, the half 
displacement will he found between the foremost vertical 
section F j\ and the aftermost E e. The solids before 
the section F /, and abaft the section E e t are then to 
be separately computed by applying one of the formulie 
to the small horizontal areas at the extremities. These 
three solids added together will give the half displace- 
ment by means of the vertical sections. 

(, ' 4 > T °K ivf an example of the mode of computing 
section. ' 11 one l * lcse vertical sections, we take the main section 

This section, in common with all the others, it has 

been found convenient to divide into two portions, deno- 
minated the vpper and lower spaces, for the purpose of 
ensuring greater accuracy in the computations, the hori- 
zontal sections being estimated at the interval of one 
foot for the former, and 0.25 feet for the latter. We 
shall apply to these spaces the first formula. 


Upper Space . 


Extreme Ordinates. Even Ordinates. Odd Ordinates. 


1 24.9 2 25.00 8 24.05 

5 20.39 4 23.08 2 

45.29 = 2 4S708 49.30 = 2 S 

4 


192.32 = 4 S 
i 

and since - = 1, we shall have 

t) 

(2 + 4S + 2*) 05.29+ 192.82 + 49.8) x l 

a 


= 286.91, 


which is the semi area of the upper portion of the main 
section. 


Lower Space. 


Extreme Ordinates. 

1. . ,20.39 

11 .. . l .«2 


22.01 =2 


Even Ordinates. 
2. . .19.50 
4. . .17.64 
6. .14.95 
8. . . 9.90 
10... 2.85 

G4~.84 

4 


Odd Ordinates. 
3. . . 18' 54 
.16.42 
.18.24 
. 4.70 


5. . 

7 . . 

9.. 


259.36= 4 S 


52.90 

2 


105.80 = 2* 
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chitectiure« and since - = t, we snail nave 

_ W 4 

(2-I-4S+20 | =s (22.01 + 259.36+ 105.8) Xj 

= 96.79, 

which is the semi area of the lower portion of the main 
section. 

Hence the entire semi area of the main section will 


consist of the 

Semi area of the upper space .... = 286.91 

Semi area of the lower space .... = 96 , 79 

Semi area to the keel = 0.79 

Semi area of the section of the keel = 1.44 


Semi area of the main section .... = 385 . 93 


(115.) In this manner may the semi areas of all the 
vertical sections be obtained, the successive results of 
which are entered ij i the lowest horizontal line of the 
Table. 

(116.) To apply these semi areas for the purpose of 
finding the displacement, it may be remarked, in the 
first place, that the ship being divided trausversely into 
three portions, denominated the middle body , the after 
body , and the fore body , the solidity of each must be 
computed. 

Middle Body, or part comprised between the vertical 
sections E e, F f 

The solidity of the middle body we purpose cal- 
culating by means of the formula 

(S + 2 P + 3 Q) 

O 


Extreme Areas. 

Second Class 
of Areas. 

Third Class 
of Areas. 

1. 

.101 

.72 

4. 

.224.11 

2. 

. 145.51 

28. 

.151 

.52 

7. 

.312.49 

3. 

. 186.03 


253 


10. 

.359.87 

5. 

.258.25 


.24=:S 

13. 

.380.S9 

6. 

.288.09 




16. 

.385.93 

8. 

.332.15 




19. 

.375.69 

9. 

.347.48 




22. 

. 346.07 

11 

. 368.57 




25. 

. 284.25 

12. 

.375.77 





2669.30 

e% 

14. 

15. 

.383.83 

.385.49 





A 

17. 

.384.04 





5338.60= 2 P 

18. 

.380.16 






20. 

. 368. 18 






21. 

.358.42 






23. 

.330.17 






24. 

.309.67 






26. 

.251.31 






27. 

.207,11 







5660.23 


3 

i 6900. 69= 3 Q 
3 i 

and since — =a2 .25, we shall have 
o 

(S +2P + 3Q) ^ = (253 . 24 4* 5338 . 6 + 1 69S0 . 69) 

X 2.25 = 50788.1925, 

which is the half displacement of the middle body. 


Fore Body, or part before the vertical section F / 
We shall compute this by the same formula. 
Extreme Areas. Even Areas. Odd Areas. 

1... 151. 52 2. ..118.41 3. . .79.76 

. 37.97 g 


Naval Ar- 
chitecture. 


5.. 


4.96 4. 

156.49=2 


156.38 

4 

625.52 = 4 S 


159.52 s=2i 


and since - = 1, we shall have 

(S + 4S + 2*)^ = (156.48 ■+■ 625.52 + 159. 52) 

X 1 = 94 1 . y>, 

which is the half displacement of the fore body. 

After Body, or part abaft the vertical section E 
This we shall compute by moans of the formula 
(2 + 4S + 2*)g. 


Extreme Areas. Even Areas. 

Odd Arens. 

1... 101. 72 2. 

..87.81 

3.. .72.63 

7. . . 15.71 4.. 

. 57. 8S 

5... 41.94 

117.43 = ): 6 - 

, . 25.50 

114.57 


171.19 

2 


4 

229 TFT 


684.76 = 

4 S 


and since - =0.61, we shall have 
3 

(2 + 4S + 2*) i =(117.43+ 684.76 + 229.14) 

X 0.61 = G29.113, 

which is the half displacement of the after body. 

(117.) Hence the whole semi displacement will con- 
sist of the 

Half displacement of the middle body.. . = 50788. 19 

Half displacement of the fore body =r 941.52 

Half displacement of the after body == 629 . 1 1 

H ulf displacement of stern port and rudder = 87.46 
Half displacement of head before the^ ^ ^ 


rabbit . 


r 


Half displacement of the ship 52460.42 


(118.) Such i9 the mode of computing the displace- 
ment by means of vertical sections. Let us now pro- 
ceed to estimate the same by means of horizontal sec- 
tions. To accomplish this, the area of each horizontal 
section must be found, and we select as an example 
that of the load water line. 

(119.) This load water line* is divided, by means of Example uf 
the assumed points E F, into three portions, denomi ■ aiihon/ou- 
naled the middle space , the fore space , and the after 
space . The area of each of these must be computed by 
means of the proper formula. 

Middle Space, comprised between the points E F. 

This portion we shall compute by means of the formula 

(S+2P+30)^. 


* YVv mid in a uoto the absolute areas in feet of the light and 
3 ii *> 
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JhXiiw. Extreme Ordinate.. 

* _ • 1. .16.05 

28. .18.55 


34.60 = S 


Second Class of 

Third Class of 

Ordinates. 

Ordinates. 

4. .22.70 

2. 

. 19.31 

7. .24.48 

3 . 

.21.33 

10. .24.90 

5. 

. 23.60 

13.. 24. 90 

6. 

.24.13 

16.. 24. 00 

8 . 

.24.72 

19.. 24. 84 

9. 

.24.85 

22. .24.70 

11 . 

.24.90 

25. .23.72 

12. 

.24.90 

195.14 

o 

14. 

15. 

. 24.90 
.24.90 

4 

17. 

.24.90 

390.28=21* 18 . 

.24.85 

— 

20. 

. 24.83 


21. 

.24.76 


23. 

.24.53 


24. 

.24.23 


26. 

.22.87 


27. 

. 21.18 


429.09 

3 


1289. 07 = 3 Q 


3 i 

anil since — = 2.23, we shall have 
b 

(S + 2P+3Q) j = (34.6 -f- 390.28 + 1269.07) 

X 2.25= 1713.95 X 2.25 = 3856.3875, 
which is half the area of the middle space. 


loud water lines for the Reverul classes of ships, together with the 
proportional numbers, assuming the area of the light water line ut 


Clou* of Slilps. 

Area In 
Feet of 
the Light 
Water 
line. 

Area In 
Feet of 
the Load 
Water 
line. 

Proportional 

Numbers. 


120 

8662 

J0096 

100 

117 


80 

7409 

9065 

100 

122 


74 

6120 

7517 

100 

117 

Kaz6e 

50 

6016 

7190 

100 

120 


52 

5436 

6777 

100 

125 


40 

3920 

5143 

100 

131 

Rur.ee corvette . 

20 

3753 

4734 

100 

126 


28 

2774 

3144 

100 

113 

Corvette 

18 

2376 

2960 

100 

125 

Ciun-l>rig 

18 

1911 

2392 

100 

125 


10 

1488 

1812 

100 

124 

Schooner 

. . » 

1118 

1447 

100 

129 

Cutter 

... 

924 

1200 

100 

130 

Nkw Cl. ass of ShU»8. 

Loudon 

92 

8484 

9866 

100 

116 

Castor 

36 

4840 

6036 

100 

125 

Vernon ....... 

50 

6198 

7782 

100 

136 

Rover 

18 

2187 

3034 

100 

139 

Snake 

16 

1760 

2401 

100 

136 


Here it may he remarked, that the ratios of tlu> areas of the light and 
load water lines are precisely the same in the 120 and 74-gun ships, 
and that the new class of tho London approaches extremely near to 
them. The Razde corvette of 26 anti the new class Vernon are 
likewise identical in this particular. The 52-gun ship, the Castor 
of 36, the 18-gun corvette, and the l&gun brig, are also precisely 
the same. The nearest approach to equality in these areas is in 
the corvette of 28 guns, and the greatest disparity exists ia the 
new class of the Rover of 18 guns. 


Fore Space, or part before the point F. 

This portion we shell compute by means of the for- 

inula (2 + 4 S-f2*)-i 

Extreme Ordinate. Even Ordinate.. Odd Ordinate.. 

1. .18.55 2. .16.40 3. .13.30 

5.. 0.80 4.. 8.72 2 

19.35 = 2 25.12 26.60 = 2 * 

4 

100.48 c4S 


and since j = 1, we shall have 

u 

(2 + 4S+2.) £- = (19.35 + 100.48 + 26.60) 

X 1 = 146.43. 

If to this there be added the area of the section of the 
stem and knee-head, amounting to "2.63, we shall have 
for the total semi area of the fore space, the quantity 
149.06. 

After Space, or part abaft the point E. 

This portion we shall compute by the same formula. 
Extreme Ordinates. Even Ordinates. Odd Ordinates. 

1. . .16.05 2. ..14.69 3 ..12.87 

7... 0.80 4.. .10.60 5... 7.51 

167s5 = 2 6 - • • 3 ' 80 20.33 

29.09 2 


40.76 = 2* 

116.36 = 4S 

and since 0.61, we shall have 

3 

(2+4S+2s)|- = (16.85 -f 116.36 + 40.76) 

X 0.61 = 106.1217. 

If to this there be added the area of the section of the. 
post and rudder, amounting to 3.6, wc shall have 
109.7217 for the total semi area of the fore space. 

(120.) Hence the entire stuni urea of the load water 


line will consist 

The scini area of the middle space. .. = 3856.3875 

semi area of the fore space = 149.06 

semi area of the after space .... = 109.7217 


semi area of the load water line . = 4115.1692 


Naval Ar- 
chitecture. 


(121.)' In the same way may the semi areas of all the 
other horizontal sections be obtained, the successive re- 
sults being entered in the iast vertical column of the 
Table. 

To apply these areas to the displacement, it is to be 
remarked, that the body of the vessel is supposed to be 
divided into two portions, denominated respectively the 
upper body and the lower body, each of which^we shall 
proceed to compute. 

• Upper Rody. 


Extreme Areas. 
1 . 4115. 17 
5. . 2450.67 


Even Areas. 
2. . 3884.75 
4. .3028.73 


Odd Areas. 

5. .3510.34 


6565.84 =2 6913.48 

4 


7020.68 


27653.92 = 4 S 
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chifecturc. and since — = 1 , we shall have 

(2 + 4 S + 2») g = (6565.84 + 27653.92 

+ 7020.68) X 1 = 41240.44 
for the semi displacement of the upper body. 

In like manner we proceed to the computation of the 


(12*2.) Hence the whole semi 
zontal sections will be 


displacement by hori- Nnvnl Ar. 

chitecture. 


Semi displacement of upper body. ... = 41 5>4tr. 4 \ '' 

Semi displacement of lower body ... . = 10901 . 01 

* Semi displacement of solid below 

lower body — 107 1 :t 

Semi displacement of keel and rudder, &e. = 2 1 7 . 1 S 


Ijower Body. 


Extreme Areas. 

Even Areas. 


Odd Areas. 

1.. 2450. 67 

2. .2290.92 

3. 

.2128.97 

2 . 235.65 

4.. 1977.61 

5. 

. 1783.96 

2686.32 = 

v 6. .1591.72 

8.. 1033.54 

7. 

9. 

. 1356.64 
. 615.79 


10. . 392.99 


5885.36 


7286.78 


2 


4 

29147.12= 4 S 


11770.72 


t 

and since — = 0.25, we shall have 

(S+4S+2*) j =(2686.32 + 29147.12+11770.72) 

X 0.25 = 10901.04 cubic feet 
for the semi displacement of the lower body. 


Semi displacement by horizontal 
tions 



52465.79 


(123.) To ensure accuracy, a mean of the displace- A moan of 
ments calculated by the vertical and horizontal sections the vertical 
should be taken, amounting in the present instance to * ml huri * 
52463.1. Hence the whole displacement will be 
104926.2; or dividing by 35 the number of cubic feet i, c taken.' * 
of sea-water in a ton, the absolute displacement in tons 
will be 2998.89 tons. 

(124.) To show in what way the displacement is Table to 
made up by the different weights, constituting the hull ^ low in 
and stores, &c. of each vessel, we have drawn from Mr. 

Edyc’s Naval Calculations the following important par- nUcVmcnt 
ticulars. is made up. 


Weight of the various Articles composed in the Hull of each Ship and Vessel : t 


Number of guns .... 

120 

80 

74 

llnzde. 

50 

52 

46 

Ru7.CC 

Corvette. 

26 

29 



Brig. 

10 

Schooner. 

Cutter. 


Ton*. 

Cwt. 

Ton*. 

Cwt. 

Tons. 

Cwt. 

Tons. 

Cwt. 

Tons. Cwt. 

Ton*. 

Cwt. 

Tons. Cwt. 

Took. Cwt. 

T«n». Cwt.! 

Ton*. Cwt. 

Tons. Cwt. 

Torn*. Cwt. 

Ton* cm. 

W eight of timber . . 
— iron 

2197 

10 

1653 

n 

1406 

2 

1255 

10 

904 

0 

690 

13 

615 

6 

358 

14 I 

238 

0 

175 

4 

132 

18 

H9 

10 

68 

12 

136 

0 

119 

10 

109 

4 

96 

13 

67 

0 

53 

7 

39 

0 

23 

ft 

16 

15 

15 

10 

8 

0 

7 

10* 

5 

1* 

— copper bolts 

47 

14 

40 

0 

37 

13 

36 

13 

23 

0 

15 

0 

13 

10 

8 

ft 

ft 

2 

4 

17 

3 

11 

2 

15 

1 

17 

— copper aheets (1.) 

17 

19 

14 

12 

12 

14 

11 

18 

11 

7 

9 

4 

7 

14 

ft 

10 

5 

2 

3 

19 

3 

3 

2 

12 

2 

1 

— mixed inetal nails 

2 

18 

2 

5 

2 

2 

1 

14 

1 

18 

1 

12 

1 

10 

0 

18 

1 

1 

0 

!2A 

0 

10* 

0 

83 

0 

H 

— pintles and braces 

2 

11 

2 

3 

1 

15 

1 

15 

1 

15 

1 

9 

1 

0 

0 

11 

0 

1U 

0 

4 

0 

5 

0 

•4 

t) 


— lead of all sorts . . 

9 

0 

8 

9 

8 

0 

7 

10 

7 

2 

5 

4 

4 

9 

4 

10 

4 

7 

4 

2 

3 

0 

o 

3 

j 1 

■> 

— oaktun 

16 

1 

13 

10 

11 

10 

9 

7 

6 

10 

4 

19 

4 

1 

4 

0 

3 

12 

3 

0 

2 

0 

T 

12 

1 

8 

— barrels of pitch (2.) 

5 

7 

4 

6 

4 

12 

3 

18 

3 

17 

2 

18 

1 

17 

1 

ft 

1 

3 

1 

4 

0 

15 

0 

15 

° 

11 

— barrels of tar (3.) 

11 

13 

11 

7 

11 

5 

11 

5 

7 

0 

4 

13 

4 

2 

2 

7 

1 

18 

1 

15 

0 

15 

0 

"j 

« 

lot 

— whiting andwliitel 
lend J 

9 

10 

6 

12 

G 

8 

i 

6 

8 

4 

12 

o 

12 

2 

7 

2 

4 

1 

12 

1 

5 

0 

15 

0 

13 

“ 

5 

— linseed oil (4.) . . . 

1 

5 

1 

5 

1 

5 

1 

5 

1 

1 

0 

18 

0 

16 

0 

6 

0 

•H 

0 

3 

0 

2 

0 

li 

0 

H 

— three coats of paint 

9 

10 

4 

16 

4 

5 

4 

2 

3 

10 

*> 

15 

2 

8 

2 

2 

1 

15 

1 

13 

0 

13* 

0 

'.'4 

0 


Ship’s weight when I 
launched J 

246G 

18 

1882 

6 i 

1616 

15 

1447 

18 

1042 

12 

795 

3 

G98 

0 

413 

17 

281 

3 

213 

10 

156 

8 

109 

6 

i &2 

7 


* It ij liut rarely that the load water line is parallel to tho keel, 
and the same may be said of the light water line. In the different 
classes of ships which follow, the excess of the after load draught 
above the forward load draught is given in the second column, and 
similar differences of tho light water draught are recorded in tho 
last. 


Class of Ships. 


via 

80 

74 

52 

46 

28 

Corvette ..18 
Brig ... ..18 


KxcesH of after loncl 
draught above for- 
ward load draught. 
Ft. In. 

1 5 

3 3 

2 10 

1 0 

1 8 

0 5 

0 7 

3 3 


Excrx* nf after land 
draught above for- 
ward light draught. 
Ft. In. 

•2 4 


4 1 

2 10 
4 9 

2 2 
1 10 
4 10 


Class of Shii’9. 


Brig 10 

Schooner. . 10 
Cutter ...... 


Excess of after lond 
draught above for- 
ward loud draught. 
Ff. In. 

1 1 

2 6 

6 10 


Excess of after load 
draught above for- 
ward light draught. 
Ft. In. 

*2 5 

2 11 
6 6 


In every instance, excepting the cutter, the difference of the 
ufter and forward light water draughts exceeds the difference of the 
corresponding load water draughts. In calculating the loud or 
light displacements, it is manifest in carrying down the successive 
horizontal planes, that a portion of tho vessel must remain, re- 
quiring a separate computation, in all cases where tho two draughts 
of water ore not precisely the same. Actual 

■f We throw into a note some numerical results connected with the weight of 
weights contained in the preceding Table, on account of their great certain un- 
importance to the ship-builder. Such results illustrate in a high portantclc* 
degree the statistics of ship-building, and are also of great value m ments. 
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Nuval Ar- Weight of the Masts and Yards , and of the Spare Gear , Rigging, and Blocks , of the Sails , Cables , amt Anchors , 
chi t^cture. Water , Provisions , a/id Men ; o/* Powder ; Gunner's , Boatswain's , awd Carpenters Stores ; of the Guns and ° ^ c 

and weight of the Boats when fitted for Foreign Service . 


Number of gun* ... 


120 


Lower 

bowsprit . . 
Topmasts and yards) 1 

aloft 

Spare gear and booms! 
Ui ( Standing (5.) . 

• #< Running 

££ l Blocks 

Ship's sails (6.). . . . 
Spare sails (7.) .... 
Hempen cables (8.) 

* Iron cables (9.) . . . 
■Anchors 


! Iron bullust and tanks 

! Water 

, Coals and wood .... 

( Provisions, spirits. 1 

! mid slops / 

Men, chests. Sic. ... 
Gunnel’s stores .... 
Hunt swain’s and cur-1 
pouter’s stores . . j 

Guns, &c 

1 Powder, &c 

Shot and cases 

Launch 


i Cutter , 


Barge . . . . 
Pinnace . . . 



Jolly-boat , 


Tns.Ct.Qr. 

52 12 t 

37 1 3 

16 11 3 
29 6 0 
18 2 0 
12 3 0 
6 19 3 
4 4 0 
32 10 0 
37 3 0 
20 16 2 
Tons. Cwt. 

373 0 


1410 

100 


£96 4 


6 

12 * 

0 

18 

ft 

14 
8 

St No. 

1 3 


102 

39 

54 

329 

33 

125 

5 


0 9) 




Razee, 


80 

74 

50 

52 

Tns.Ct.Qr. 
51 18 2 

^Tns. Ct.Qr. 

36 14 0 

Tas.CLQr. 
38 14 0 

irft 

37 1 3 

27 11 0 

27 

11 0 

27 11 0 

16 11 3 !i2 12 0 

12 12 0 

12 12 0 

28 6 0 

26 19 0 

28 

10 0 

25 4 0 

17 4 0 

il6 18 0 

17 

15 0 

16 5 0 

11 2 0 ! 10 12 0 

10 

12 0 

10 0 0 

7 5 3 

<002 

6 

14 0 

6 1 0 

4 7 0 

3 14 1 

4 

5 0 

3 14 0 

29 15 0 

25 4 0 

25 

4 0 

25 4 0 

36 11 0 

30 17 0 

30 

17 0 

30 17 0 

17 8 0 

15 5 0 

15 

5 0 

12 10 2 

Tons. Cwt. Ton*. CwL 

Tons. Cwt. Ton*. Cwt. 

247 0 

196 0 

ion 

0 

187 0 

38ft 0 

260 9 

17ft 

0 

220 0 

78 0 

52 0 

45 

0 

38 0 

241 1ft 

21 1 18 

134 

3 

113 0 

78 0 

6ft 0 

4H 

0 

45 0 

27 2 

22 2 

13 

0 

16 0 

51 15 

48 0 

46 

0 

39 0 

224 5 

178 7 

150 

18 

125 4 

25 0 

20 164 

18 

12 

13 18 

98 12 

79 17 

80 

12 

58 2 

5 2 

5 2 

5 

2 

4 3* 

2 No. 

2 No. 

3 

No- 

2 No. 

1 3 

1 3 

1 

2 

1 3 

1 10 

1 10 

1 

10 

1 10 ! 

1 10 

1 10 

1 

10 

1 5* 

.... 


0 

10* 


0 9$ 

6 9* 

0 

94 

0 9* 


46 

Razee 

Corvette. 

26 

28 



E9 

Schooner. 

Cultcr. 

T&s.Ct.Qr. 

Tns. Ct.Qr. 

Tn*. Ct.Qr. 




Tns.Ct.Qr. 

rra.Ct.Qr. 

21 12 3 

21 5 1 

9 2 0 

9 2 0 

7 9 2 

4 5 2 

6 8 0 

5 9 2 

18 12 3 

18 12 3 

8 15 2 

8 15 2 

7 3 1 

5 15 1 

1 18 2 

2 12 0 

7 10 2 

7 10 0 

4 2 0 

4 2 0 

3 0 2 

2 4 3 

1 3 0 


14 13 0 

14 13 0 

12 10 0 

12 18 0 

5 0 0 

3 5 0 

2 2 0 


117 0 

117 0 

6 10 0 

6 16 0 

4 10 0 

2 16 0 

1*82 

>3 13 0 

5 6 0 

5 8 0 

4 4 0 

4 4 0 

2 0 0 

1 0 0 

0 6 3 

I 

3 15 2 

3 17 0 

2 2 3 

2 5 1 

1 11 3 

1 4 2 

1 5 0 

1 17 0 

2 5 2 

2 6 0 

1 9 3 

1 13 1 

1 5 2 

0 17 1 

0 16 0 

0 5 1 

13 1 0 

9 13 0 

6 19 0 

6 19 0 

4 1 0 

1 16 0 

0 8 1 


26 2 0 

26 2 0 

1ft 19 0 

15 18 0 

10 8 0 

7 1 0 

6 6 3 

3 90 

10 1 0 

8 11 0 

4 5 2 

4 5 2 

3 10 2 

2 14 0 

2 2 3 

1 72 

Ton*. Cwt. 

Ton*. Cwt. 

Toil*. Cwt. 

Ton*. Cwt 

Ton*. Cwt. 

Ton*. Cwt. 

Ton*. Cwt 

Tun* Cwt 

107 10 

84 0 

81 to 55 

77 0 

47 0 

25 0 

30 0 

32 0 

110 0 

106 0 

5ft ft 

ftO o 

32 0 

19 0 

11 o 

4 ft 

32 0 

21 0 

1ft 0 

10 0 

8 10 

6 0 

4 0 1 

2 0 

69 4 

59 0 

31 1ft 

28 10 

23 14 

6 10 

6 8 

3 2 

27 3 

20 0 

18 2 

14 7 

14 7 

8 14 

4 12 

2 1ft 

12 11 

11 10 

7 10 

6 5 

5 17 

2 2 

1 8 

0 JH 

31 0 

31 0 

1G 0 

14 10 

12 5 

8 7 

4 2* 

4 12 

80 7 

G8 8 

31 3 

21 17 

21 17 

8 21 

4 7* 

j 3 8 

11 18* 

9 5 

4 185 

2 1ft 

2 1ft 

1 10 

o n* 

! o ii 

45 10 

38 15 

30 3 

22 2 

22 2 

6 0 

2 5* 

2 10 

4 3* 

• . • • 

■ • •• 

.... 

.... 

, ,, , 

• t • • 

• • . • 

3 No. 

1 3 

3 No. 

1 3 

0 14* 

o 

e 

*-* 

0 10* 

Yawl 

1 3 

0 16 

0 16 

Com- 

modore. 

1 1 10 

Cutter. 

0 14* 

2 Cutter 

g.g*.^ 

0 8 

0 8 



e • • • 

1 10 

1 10 

1 H 

1 5J 

1 5* 

.... 

.... 

• • • • 


0 9} 

• • • 9 


i • • . . 

0 9 

0 13 

0 13* 

0 9 J 

.... 

0 9* 

| 0 7* 0 7* 0 9* 

0 7* 

« 4* 


(125.) As the various particulars contained in the pre- 
ceding Table are necessarily separated into two great 
divisions, one of which comprises the weight of the hull 


when launched, and the other the different weights re- 
ceived on board, we throw their aggregates into the suc- 
ceeding Table. 


assisting the computer in estimating the amount of actual expenditure, a matter of the greatest moment to a Naval Country, and 
particularly so at a time when such gigantic vessels Are constructing. 


Number of guns ’ 

120 

80 

74 

Razee. 

50 

52 

46 

Razee 

Corvette* 

26 

28 

Corvette. 

18 

Brig. 

18 

Brig. 

10 

Schooner. 

Cutter. 

(1.) Number of sheets of 128 oz. 

1166 

1800 

1472 

1329 

1350 

1000 

850 

790 

850 

797 

580 

652 

550 

copper sheathing 132 oz. 

3572 

2050 

1734 

1706 

1650 

1170 

1 130 

600 

613 

301 

200 

80 


Number of treenails 

64,458 

35,103 

27,019 

25,380 

23 , 500 

20,826 

17,300 

14,540 

13,050 

11,193 

8,316 

7,100 

3,250 

(2.) N umber of barrels of pitch . 

50 

45 

43 

37 

36 

2ft 

IS 

12 

11 

11 

7 

7 

5 

(3.) N umber of barrels of tar . . . 

109 

106 

10ft 

105 

66 

44 

39 

22 

18 

16 

7 

5* 

5 

(4.) Number of gallons of liu-l 

400 

400 

400 

400 

320 

282 

256 

96 

CO 

48 

32 

23 

11 

(5.) Number of fathoms of ropel 




i 










from * to 18 inches in ctr-V 

30,250 

32,400 

27,lft2 

29,200 

28,700 

20,728 

21,370 

19,031 

19,350 

10,709 

7,335 

• • e s 

e a 

cumference J 














Number of blocks 

940 

940 

934 

934 

934 

893 

893 

848 

848 

576 

399 


m m 

(6.) Number of yards of canvass 1 
in ship's sails f 

12,517 

12,947 

10,784 

11,130 

10,824 

7307 

7381 

• 

4796 

5096 

3547 

2740 

2790 

4140 

(7.) Number of yards of canvass 1 
in spare sails / 

7584 

7844 

6650 

6876 

6690 

5066 

5140 

3322 

3720 

2847 

1916 

1750 

589 

BraStm. 

BraStm. 

BraStm. 

BraStm. 

BraStm. 

BraStm. 

Brs. Htm. 

BraStm. 

Bra. Stm. 

BraStm. 

Rr*Stm. 

Bra. Stm. 

BraStm. 

(8.) Number of hempen cables. . 

5 l 

5 1 

5 1 

ft 1 

5 1 

4 1 

3 1 

3 1 

3 1 

2 1 

1 1 

0 1 

(9.) Number of iron cables 

3 1 

3 1 

3 l 

3 1 

3 1 

3 1 

3 1 

3 1 

3 1 

3 1 

2 1 

3 0 

i 

3* 1 
















N AVAL. ARCH IT ECTURE. 


359 


Number of Guns.. . • 

120 

80 

74 

Bide. 

60 

52 

46 

Rases 

Corvette. 

26 

48 

Corvette. 

18 

B xt 

Bri* 

10 

Schooner. 

Cutter 

Weight of the hulll 
when launched • . J 
Weight received onl 
board j 

Tons. Cwt. 

2466 18 

2142 5 

Tons. Cwt. 

1882 6 

1723 14 

Tons. Cwt* 

1616 15 

1359 11 

Tons. Owt. 

1447 18 

1044 8 

Tons. Cwt 

1042 12 

1067 16 

Tom. Cwt 

795 3 

670 9 

Tons. Cwt. 

698 0 

582 0 

Tons. Cwt. 

413 17 

370 11 

Tons. Cwt. 

281 3 

326 16 

Tons. Cwt 

213 10 

242 18 

Tons. Cwt 

156 8 

126 6 

Tons. Cwt. 

109 6 

94 17 

Tons. Cwt. 

82 7 

76 8 

Total weight when! 
complete .*..•••/ 

4609 3 

3606 0 

2976 6 

2492 6 

2110 8 

1465 12 

1280 0 

784 8 

607 19 | 

456 8 

282 14 

204 3 

158 15 



V# eight of 
a cubic foot 
of timber 
green and 
seasoned. 


Green, 
llis. ox. 
71 10 


Seasoned, 
lbs. ox. 

43 8 


(126.) In the following Table will be found the weight 
of a cubic foot of timber in a green and seaaoued state, at 
present used in ships and vessels of war, derived also from 
Mr. Edye’s Naval Calculations . This Table will assist 
the ship-builder in determining the weight of the timber 
materials necessary in computing a ship's displacement. 

Names of Timber. 

English oak 

Dantzic oak 49 14 36 0 

African teak 63 12 60 10 

Indian teak, green or, MaIabar 52 15 

seasoned, about the | R ... 26 4 

Indian mast peon 46 3 36 0 

Cedar 32 0 28 4 

Larch 45 0 34 4 

Riga fir 48 12 35 8 

New England fir 44 12 30 1 1 

Elm 66 8 37 5 

Beech 60 0 53 6 

Ash 58 3 50 0 

The Malabar teak is the heaviest, and the Rangoon 
the lightest of all Indian teaks used in ship-building. 

The average weight of the timber materials in a ship 
or vessel of war is about 50 pounds to the cubic foot ; 
and for the masts and yards about forty pounds. 

(127.) It is often necessary to know the amount of 
niJnt of Ml the displacement for a single inch in depth, both at the 
inch at light light and load water lines. In like manner, it is useful 
and load wa- f 0 fc now the displacement of one foot of the midship 
ter linen. SPPt j on a t the same lines. The results for the different 
classes of ships in tons arc inserted in the next Table, 
from Mr. Edyc's Naval Calculations. 


Displace- 


Close of Ship. 

Displacement 
of one inch at 
the light line. 

Displacement 
of one inch at 
the load line. 

Displacement 
of one foot of 
the midship 
section at the 
light line. 

Displacement 
of one foot of 
the midship 
section at the 
load line. 

Guns. 

Toms Cwt. 

Tons Cwt. 

Tons Cwt. 

Tons Cwt. 

120 

20 12 

24 0 

16 10 

29 17 

80 

17 12 

21 11 

15 18 

26 13 

74 

15 5 

17 17 

12 7 

21 3 

Razee 50 

14 6 

17 2 

11 14 

18 4 

52 

12 18 

1G 2 

8 9 

17 6 

46 

9 6 

12 5 

8 4 

14 4 

Raz£e corvette 26 

8 18 

11 10 

6 10 

12 15 

28 

6 12 

7 9 

5 1 

9 7 

Corvette .... 18 

5 13 

7 0$ 

3 10 

7 5 

Gun-brig .... 18 

4 10 

5 13 

3 11. 

G 10 

10 

3 10 

4 7 

2 10 

4 8 

Schooner 

2 13 

3 10 

1 13 

3 6 

Cutter 1 

2 4 

2 17 

2 4 

3 15 

| New Ci.ass or Ships. j 

London 92 

20 4 

23 Of 

1G 0 

27 2 

Castor 36 

11 12 

14 74 

9 14* 

12 12 

J Vernon 50 

14 15 

18 10} 

10 14# 

19 12 

1 Rover 18 

5 4 

7 5 

4 2* 

7 2 

1 Snake 16 

4 8 

5 14* 

4 0 

6 12£ 


(1*28.) It may also be useful to advert to one or two Ihsplnee- 
circutn stances more which influence the amouut of di»- ,m ‘ nt u,, £- 
placement. In what we have before said, the consider- 
ation has been limited to the conditions of a ship at rest the ship nml 
in still water ; but it has been observed, that when the tub*, 
ship aud the water are relatively in motion, either by the 
ship being at rest, and the water in motion, or by the 
ships moving and the waters being at rest ; or again 
by the ship and water moving with unequal velocities 
or in different directions, the depth to which the ship 
sinks must be determined in connection with other con- 
siderations. When a vessel is at anchor also in a strong 
tideway, or at sea under a press of sail, she must sink 
several inches deeper than when at anchor in still water. 

Romme observed a frigate which was lashed to a sheer 
hulk in the river Chareutc sink two inches deeper when 
the velocity of the stream was great, than when its 
motion was only just sensible. 

(129.) This may be accounted for on the principle, How ac- 
that when a particle of water is impressed with motion, counted for. 
and passes along the surface of a body, it no longer 
exerts a pressure equally in all directions, as in the case 
of water in a state of rest, but has a greater tendency 
to escape in the direction of its motion than any other, 
and hence causes a less vertical pressure on the surface 
of the body than when at rest The total pressure of 
tlie particles of water in contact with the body being less 
than before, and having been, when at rest, exactly 
equivalent to sustain the body, that body must of neces- 
sity sink deeper, until a balance is obtained between the 
vertical pressure and the weight. The pressure of a 
particle of water in motion is proportional to its depth 
below the surface of the water, minus the depth due to 
the velocity estimated in the direction of its motion. 

Bernoulli, the Abbe Bossut, and Romme proved these 
principles by experiment.* 

* The following simple And derisive experiment was made hy 
Romme. He had two tidies, one of them straight, as a h, and the 
other curved, as c d r, fig. 4, but both having open ends, and ra- 
pnble of receiving a float, y/, the lower part of which was cork, and 
the upper a graduated rod. These tubes with their floats were first 
plunged iuto still water, and the divisions corresponding with the 
upper orifices of the tubes observed. The tubes were then placed 
in running water r the current being in the direction h », and 'lie 
bent tube c d e, with its lower end taroed in the same direction. 

The floats in both tubes were then observed to have sunk an inch 
below their position in still water. The bent tube was in the next 
place turned w u to present its orifice to the current, when the 
float rose an inch above the position it had in still water. The 
same tube was then placed with the lower end perpendicularly to 
the direction of the current, when the float sunk an inch below its 
position in still water. Romme measured the velocity of the cur- 
rent, and found the water ran TO feet in 30", or that its velocity 
was that due to an inch end a live nearly, corresponding with the 
distance the floats iu the tubes were elevated or depressed in the 
experiments. Other experiments in currents of diflerent velocities 
produced similar results. In some instances the depression and 
elevation of the floats were ss much as five or six incboN, being ul- 
ways the height due to the velocity of the current. He n-rerMiuud 
also that tlie results were the same, to whatever dept h flic tubes 
were plunged into the water. 






















300 


NAVAL ARCHITECTURE. 


NavaI \ 
clutecture. 


Difference 
of iimnur- 
hiun oi' 
hliips in 
fresh and 
b.ilt water. 


(130.) It is but seldom a ship of war floats in fresh 
water, though a merchantman may often do so. We, 
however, insert in the next Tablqthe difference in the 
immersions of several ships in fresh and sea water, and 
from which it appears, that a ship of 120 guns sinks 
nearly six iuchcs deeper in the former than in the latter. 
The difference also produced in the two load lines from 
the two specific gravities is worthy of attention. In the 
ship just adverted to, it amounts to 143 tons 8 cwt. 
In the last column we have given the quantity necessary 
to raise or immerse the ship an inch at the load or sea 
line. This useful Table is due also to Mr. Edye. 


R *te of Ship, or her | 
Number of Guns, j 

■2 S 

SL~ c 

t fc jj 

•C cfl 

3*4 

h3.2 

Difference ‘in the two 
Loud Lines from the 
Specific Gravity of 

F rcsli aiul Sail Wider. 

Quantity to raise 
or immerse the 
Ship an Inch at the 
Load or Sea Line. 

No. 

Inc ties. 

Tons. Cwt. 

Tons. Cwt. 

120 

fj 7 

• 7 b i 

[ Equal to 143 8 

24 0 

71 

fs ‘ 

93 14 

17 17 

40 

3d 1 

45 6 

12 5 

28 

3\ 

24 6 

7 9 

IS 

2? 

14 6 

5 13 

10 

21 

9 6 

4 7 

Cutler. 

n 

5 2 

2 17 

l 


Displace- (131.) The displacement may be deduced from the 
iiuMit de- different specific gravities of the water in which a vessel 
different floats. J<or suppose s and tr to be the specific gravities 
specific gra- of fresh and salt water, and D and JV the correspond- 
wtieaufwa- iug displacements; then by a well-known principle ill 
<er - Hydrostatics 

D v = D' 

and ^ : s' : : IV : D. 

lienee .s'— s : s' : : D-D' : D. 


TCow, since it requires the application of a given weight 
to change the displacement D' into D, it is manifest 
the actual displacement may be found by knowing this 
weight, and the values of * and s'. Thus suppose it 
required an additional weight of 25 tons to bring a ves- 
sel down, when floating in salt water, to the load line 
she possessed when swimming in fresh water, a cubic 
foot of the former weighing 1026 ounces, and of the 
latter J00U, we shall have 


ox, ox. tons. tons. 

26 : 1000 :: 25 : 961.54 

for the actual amount of the displacement sought. 


On the Centre of Gravity of the Displacement 

(132.) In attempting to find the centre of gravity of 
the displacement, a point involving so many important 
considerations with regard to the stability, it is manifest 
when the vessel is floating in equilibrium, that it must 
be somewhere found in the vertical longitudinal section 
which passes through the middle of the sternpost and 
stem ; and that the question becomes therefore reduced 
to the finding its position with regard to two coordinate 
planes, one of which has refereuce to the position of the 
point with regard to the length of the vessel, and de- 
noted by E e in the figure, and the other with regard to 
it 9 depth below the other coordinate plane W w. 

(133.) We have already explained in our Treatise on 


Mechanics, a mode by which this may be accomplished Ar “ 

with respect to both of the planes just mentioned, by ch ^ ture * 
what is termed the theory of moments; and it is ob- jx ow it mtiw 
vious that with regard to the position of the centre of |>e foumi. J 
gravity of the displacement longitudinally, we shall have 
three separate computations to make, two relating to 
the middle and fore bodies of the vessel, and to be 
esteemed positive , and a third as respects the afler body, 
to be regarded as negative . The general Table of 
ordinates will furnish us with the necessary elements 
for this purpose. 

(134.) To estimate the moment of the middle body, 
we must, in the flrst place, obtain the resulting pro- 
ducts recorded in the last column of the next Table. 


Number of 
ic Transverse 
Vertical 
Sections. 

Hnlf Arens of the 

Distances of the 


Vertical Sections 
comprised be- 
tween the Sec- 
tions 1 and 28. 

Vertical Sections 
from the Pri- 
mitive Section 
Kf. 

Resulting 

Products. 

1 

101.72 

0 

0.0 

2 

145.51 

6 

873.06 

3 

1S6.03 

12 

2232.36 

4 

224.11 

18 

4033.98 

5 

258.25 

24 

6198.00 

6 

2.88.08 

30 

8642.70 

7 

312.49 

36 

11249.64 

8 

332.15 

42 

13950.30 

9 

347.48 

48 

16679.04 

10 

359.87 

54 

19132.98 

11 

368.57 

60 

22114.20 

12 

375.77 

66 

24800.82 

13 

380.89 

72 

27424.03 

14 

383.83 

78 

29938.74 

15 

385.49 

84 

32381.16 

16 

385.93 

90 

31733.70 

17 

384.01 

96 

36867.84 

18 

380.18 

102 

38778.36 

19 

375.69 

108 

40574.52 

20 

368.18 

114 

41972.52 

21 

358.42 

120 

43010.40 

22 

346.07 

126 

43604.82 

23 

330.17 

132 

43582.44 

24 

309.67 

138 

42734.46 

25 

284.25 

144 

40932.00 

26 

251.31 

150 

37696.50 

27 

207.11 

156 

32309.16 

28 

151.52 

162 

24546.24 


And to apply these resulting products to the formula 
(S + 2 P + 3Q) 1\ 
we shall further obtain 


Extreme Products. 

1 ... 

28.. 


Second Class of 
Products. 


Third Clast of 
Products. 


0.0 

4... 4033.98 

2. 

.. 873.06 

24546.24 

7... 11249.64 

3. 

.. 2232.36 


10... 19 132. 98 

5. 

.. 6198.00 

24546.24 

= S 13... 27424 .08 

6 . 

.. 8642.70 


16... 34733. 70 

8. 

..13950.30 


19... 40574. 52 

9. 

..16679.04 


22... 43604. 82 

11. 

..22114.20 


25... 40932. 00 

12. 

..24800.82 



14. 

..29938.74 


221985.72 

15. 

.. 32381. 16 


2 

17. 

..36867.84 




18. 

..38778.36 


443971.44= 

2P 20. 

..41972.52 



21. 

..43010.40 



23. 

..43582.44 



24. 

..42734.46 



26. 

. .37696.50 



27. 

..32309.16 




474762.06 


1424286. 18 ss 3Q 
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chltJcturo. on( l since ~ = 2.25, we shall have 
_ ’ o 

(S+2P + 3Q) y » (24546.24 -f 443971.44 

o 

-f 1424286.18) x 2. 25 = 425S80S.685 

for the moment of the half middle body. 

(135.) To compute, in the next place, the moment 
of the fore body, it is to be observed that the dis- 
tances of the successive vertical sections in it must still 
be estimated from the primitive plane Ec, and there- 
fore gives for the interval between the section passing 
through the point 2 in the fore body, and that plane, 
165 feet. Hence we shall obtain tlie following result- 


in g products. 




Number of the 
Transverse Ver- 
tical Sections. 

Half Arena of the 
Vertical Sections 
comprised between 
the Sect Iona Vf 
uud b. 

Plalnncet of 
the Vertical 
Section* from 
the Primitive 
Section E e. 

Resulting 

•Product*. 

28.1 

151.52 

162 

24546.24 

2 

118.41 

165 

19537.65 

3 

79.76 

168 

13399.68 

4 

37.97 

171 

6492.87 

5 

4.96 

174 

863.04 


To apply these resulting products to the formula 


(V + 4S + 2*) 


we shall have 
Extreme Products. 

1. . 24546.24 

5.. 863.04 


Even Products. 

2. . 19537. 65 
4.. 6192.87 


25409. 2Srr.2 


Odd Products. 

3.. 13399.63 
2 


26039.52 

4 


26799. 36 =s 2# 


To apply these resulting products to the formula 


(1 + 4S+2*) t. 


we shall have 


Extreme Products. Even Products. 

1... 0.0 2. ..160.69 

7. . .172.5 4.. .317.76 

.143.29 


172.5=2 


621.74 

4 


Odd Products. 

3. . .265.83 
.307.00 

57 57 S3 
•> 


5. 


Naval Ar- 
chitecture. 


2436.96 = 4S 


1 145.66 = 2 s 


x 

and since - = 0.61, we shall have 

(2 + 4S + 2.r)i = (172.5 -f- 2186.96 + 1145.66) 

XO.GI s 2321.1232, 

which is the moment of half the ufter body exclusive of 
the post, am! rudder. And since the moment of the 
po^t and rudder amounts to 1141.35, we shall have for 
the entire moment of the semi after body, the quantity 
3462.4732. 

(137.) Now since by the conditions of the primitive 
plane E e, the moments of the middle and fore body arc 
regarded as positive, and that of the after body is 
negative, we shall have for the absolute amount of the 
moments. 

Moment of the half middle body. . = 4- 425S80S.6S5 
Moment of the half fore body. . . . = 4* 153805.36 

TTmTTi 77045" 

Moment of the semi after body . . = — 3462.4732 


104122. 08=4S 


Absolute amount of the moments . = + 44 1 4 1 5 1 . 57 1 S 


and since - = 1, we shall have 


(I -f 4 S + 2s) - = (25409.28 -f 104122.08 

«i 

+ 26799 . 36) x 1 = 1 56330 . 72 

for the moment of the half fore body, exclusive of the 
knee of the head amounting to 2474.64. Hence the 
entire moment of the half fore body will amount to 
158805.36. 

(136.) To estimate the moment of the afterbody, 
the distances of the vertical sections in it must in like 
manner be estimated from the same primitive vertical 
section Ee. This will give the resulting products in 
the lust column of the next Table. 


Number of 
Transverse Ver- 
tical ScctiouM. 

Half Areai of 
the Vertical 
Sections com- 
prised between 

E c and 7* 

Dlutanccflof 
the Vertical 
Sections from 
the Primitive 
Section E «. 

Reuniting 

Product*. 

• 

1 

101.72 

0.0 

0.0 

2 

87.81 

1.83 

160.69 

3 

72.63 

3.66 

265.83 

4 

57.88 

5.49 

317.76 

5 

41.94 

7.32 

307.00 

6 

15.66 

9.15 

143.29 

7 

15.71 

10. 93 

172.50 


VOL. VI. 


(138.) And since by well-known considerations, (he 
position of the centre of gravity with regard to the 
primitive vertical plane may he found by the formula 

M 

jy, where M represents the sum of the moments, 

and D denotes the corresponding displacement, and 
that we have already found D = 52469. 42, we shall 
hence have 

M _ 4414151. 5718 _ el 14 
D ~~ 52460.42 ~ 84 ’ ,,li 

which is the distance of the centre of gravity of t he dip- 
placement before the primitive section E e. And since 
the distance from this same section to the middle point Position of 
of the load water section is 81.50 feet, it is manifest the mitre 
that the centre of gravity of the displacement is before g riVlf y 
the middle of the length of the loud water section, 
when measured from the after part of the rabbet of the regard to 
sternpost to the fore part of the rabbet of the stem, the length, 
2.64 feet. 

(139.) To proceed in the next place to the computa- ami with 
tion of the depth of the centre of gravity of the clis- r jK- ,r ‘ l 
placement below the plane of the load water section, twclqih. 
we must compute separately the moments of the upper 
and lower bodies. The preparatory products for the 
former of these are given in the next Table. 

3c 
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Number of the 

Half Arem of the 

Distances of the 
Water Section* 

Resulting 

Water Sections. 

Water Sections. 

from the I, owl 

Products. 

V— " 

1 

4115.17 

Water Section. 

0 

0.0 


2 

8884.75 

3 

J 1654.25 


3 

8510.34 

6 

21062.04 


4 

3028.73 

9 

27258.57 


5 

2450.67 

12 

29408.01 


And to apply these resulting products to the formula 
(X + 1 S + 2*) 

we shall have 


Kxtromu Product.. Kvon Products. Odd Products, 

1. . (1.0 2. . 1 1 654 . 25 3. .21062. 01 

5.. 291015.01 4. . 2725S. 57 2 

20IOk7oI=X 3891 2. S2 42lTlTo8=2i 

4 • — 

T'»86.jI.2S=4S 
and since— = 1, we shall have 

u 

(2 + 4 S -f 2 ») | = (29408.04 -f 1 55651 .28 

+ 42124. OS) x 1 =227183.4 

for the moment of the half upper body. 

(110.) Pursuing the same course for the half lower 
body, we shall in the first place obtain the results of 
the next Table. 


Number nf the 

Half Arens nf the 

Distances of the 
Water Sections 

Resulting 

Water Seition*. 

Wilier Sections. 

from the. 1 «>.k1 

Product*. 

1 

2150.67 

Water Section. 
12.00 

29408.01 

2 

2290 .92 

12.75 

29209.23 

3 

2I2H.97 

13.50 

28741.10 

4 

1977.61 

11.25 

28180.94 

5 

17S3.96 

15.00 

26759.40 

6 

1591.72 

15.75 

25069.59 

7 

1356.61 

16.50 

22384 . 56 

8 

1033.54 

17.25 

17828.56 

;> 

615.79 

18.00 

11084.22 

10 

392.99 

18.75 

7368.56 

11 

235.65 

19.50 

4595.17 


To apply these successive products to the formula 
(X+4S+20 

wc shall have 

Extmno Products. Even Products. Odd Products. 

1 . . .‘29108.0 1 2. . .29209.23 3. . .*29741 .09 

11... 4595.17 4. ..28180.94 5. ..26759.40 

6. . .25069.59 7.. .22384.5(5 

34003.21 =2 8. . .17*28.56 9. ..11084.22 

10... 730.9. 5G 

889C9.27 

107G5G.88 2 

4 

177938.54 =2 2 • 

430627 .52 s 4 S 

and since 5 = 0.25, we shall have 


2 Naval An 
(V 4 S 2 s) ~ = (34003.21 4- 430627 . 52 chitecture. 

3 ^ 

+ 177938.54) X 0.25 = 1G0642.3175, 

which is the moment of half the lower body, 

(141.) Hence the sum of all the moments of the 
immersed body will be: 


Moment of half the upper body. . 
Moment of half the lower body . . 
Moment of half the solid below 

the lower body 

Moment of half keel, rudder,- &c. 


. = + 227183.40 
. . = + 160642.3175 

j- = + 2121.17 

6767.90 


Total sum of all the moments. . = -f- 39G714.7875 


And since as before the function - represents the dis- 
tance of the centre of gravity of the displacement below 
the assumed plane of the water section, wc shall have 


M 

D 


39671 1.7*75 
_ 52460. 42 ~ 


= 7.56 feet 


Its position. 


for that distance. 

(14.2) It forms a useful subject for investigation in Useful to 
many important points connected with ship-building*, to compare 
be enabled to compare the centre of gravity of the c ®”j™ ^ 
load water section so often referred to, with the centre |* oa ^ filter 
of gravity of the displacement, reckoned in the same section with 
horizontal direction; and also the centre of gravity of centre of 
the midship section, with the corresponding position of KJ^yty y f 
the same point of the immersed volume. The same 
process must he employed for obtaining the centre of 
gravity of the surface as for the solid; and in the same 
manner as for the solid, the moments of the load water 
line must be separated into the middle space, the fore 
space, and the alter space, and each have its proper 
sign of plus or Minus prefixed to it, according as it is 
situated with regard to the primitive section passing 
through the point E. 


Number 
of the 
Ordinates. 

Ordinate* of the 
Ijoml Water 
Section In the 
Middle Space. 

Rlstnncjs of 
the Ordinates 
from the 
Primitive 

Onl mute E. 

Itewilting 

Product*. 

1 

16.05 

0 

0.0 

2 

19.31 

a 

115. s6 

3 

21.33 

12 

255 . 96 

4 

22.70 

id 

408.60 

5 

23. GO 

24 

566.40 

6 

24.13 

30 

723.90 

7 

24.18 

36 

881.28 

8 

24.72 

42 

1038.24 

9 

24.85 

48 

1192.80 

10 

21.90 

54 

1344. CO 

11 

24.90 

60 

1494.00 

12 

21.90 

G6 

1613.40 

13 

21.90 

72 

1792.80 

14 

21.90 

78 

1912.20 

15 

24.90 

84 

2091.60 

1G 

24.90 

00 „ 

2241.00 

17 

24.90 

96 

2390. 10 

18 

24.85 

102 

2534.70 

19 * 

24.84 

108 

2682.72 

20 

24.83 

114 

2830.62 

21 

24.76 

120 

2971.20 

22 

24.70 

126 

3112.20 

23 

21.53 

132 

3237.96 

21 

2-1.23 

138 

3313.74 

25 

23.72 

144 

341.5.68 

26 

22.87 

150 

3430.50 

27 

21.18 

156 

3301.08 

28 

18.55 

1G2 

3005.10 
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To adapt these resulting products to the formula 
(S + 2P + 3Q) ~\ 


wc shall have 

Extreme 

Products. 

1 .. 0.0 

28. .3005.1 


Sxtremu Second Class 

roducts. of Products. 

0.0 4.. 408.60 

.3005.1 7.. 881.28 

Qonr. ] — ^10. . 1344.60 
__“ S 13. . 1792.80 
16 .2211.00 

19. . 2682.72 
22. . 31 12.20 

25. . 3415.68 

1587S.S3 


31757.76 = 21* 18. 


17. . 2390.40 

18. .2534.70 

20. . 2830.62 

21.. 2971. 20 
23. . 3237.96 
21. .3313.74 
26. .3130.50 

27.. 3304.08 

35107.56 

3 


for the moment of the fore space. AcMing to this the N«»«l An- 
moment of the stem section umotmliug to 462.93 \\ t » chi *«*tw** 
shall have for the whole moment of the tore space the 
quantity 24863.91. 1 


Third Class 
of Products. 

2. . 115.86 

(144.) In the same way we 
inents of the after space. 

Ordinate* m' the 

must proceed for the mo 

DL la n o'* of iho 

3. 

255.96 

Number of 

Loud Water 

Onlm ilos tinui 

Mosuitiug 

Pi mini i s. 


the Oullnntes. 

Sect ion in the 

tho Prim tive 

5. 

566.40 


oiler Spui-e. 

Onlm. ilc K 


6. 

723.90 

1 

16.05 

0.0 

0.1) 

8 

1038.24 

2 

1 4 . 69 

1.83 

26.8S 

9. 

1 192.80 

3 

12.87 

3 .60 

47.10 

11. 

1494.00 

4 

10.60 

5.49 

53. K) 

12. 

1643.40 

5 

7.51 

7.32 

51.97 

14. 

1942.20 

6 

3.80 

9. 15 

34.77 

15. 

2091.60 

7 

O.SO 

10.98 

8.78 


105322.68= 3 Q 


and since — = 2.25, we shall have 
8 


Applying these resulting products to the formula 


(S + 4S + 2.) £ 


we shall have 


Extreme Products. Even Products. Odd Products. 


.. 0.00 

, ..8.78 

~8 ~7S=E 


2 26.63 

4 53.19 

6 31.77 

TuTsI 

4 


3. . . . 47.10 
5. . . . 51.97 

102.07 

o 


479.36 = IS 


201.11 - 2s 


(S + 2P + 3Q) —=(3005.1 +31757.76 
8 

+ 105322.63) x 2.25 = 315192.465, 

which is the moment of the middle space. 

(1 43.) in a similar manner wc must proceed to the 
computation of the moments of the fore space. 


Number of 
the Ordinates. 


Ordinates of the Distanced of tlie 


Loud W ater 
Section in the 
Fore Space. 


Ordinates from 
the Primitive 

Ordinate E 


Resulting 

Products. 


3005. 10 
2706.00 
2234.40 
1491.12 
139.20 


Applying these resulting products to the formula 


(51 + 4 S+ 2 s) -, wc shall have 

aJ 

Extreme Products. Kvoa Products. 

1 . . 3005. 10 2. .2706.00 

5.. 139.20 4. .1491.12 


3144.30 = 2 


4197.12 

4 

16783.48 = 4 S 


Odd Products. 

3.. 2234. 10 
2 

4468.20= 2s 


ami since = 1, we shall obtain 


and since - =0.61, we shall obtain 
■1 

(2 + 4 S + ‘2 *) ~ = 42-2. 20 

for the moment of the after space, exclusi\c of the post 
and rudder, amounting to 47.70. Hence the entile 
moment of the after body will be 469.99. 

(145.) The moments of the middle and fore space 
being regarded as positive , that of the after space must 
be esteemed negative. Hence we shall have 

Moment of middle space = + 315192.465 

Moment of fore space =+ 24863.910 

+ 340056.375 

Moment of after space — 469.990 


Moment of after space 

Absolute amount of the moments of) 
the water section J 


+ 339536. 385 


(146.) Now, by the last column of the general Table 
of ordinates it appears, that the semi horizontal area of 
the water section amounts to 4115.17; and hence the 
function 

M 339586.385 ^ „ 

D 4115.17 — 82. feet. 


(2 + 4S -j-2*)g=(3U4.30 + 167S8. 48+4466. 20) 

X 1 = 24400.98 


(147.) The centre of gravity of the load wafer pit- Position of 
tion is thus found to be 82.52 feet from the ordinate 1 ; u * r 
and since the distance of the middle point from the 
same ordinate is 81.50, the distance of the centre of section, 
gravity of the load water line before the middle is 1 . 02 
feet. 

(148.) Thus it appenrs, that the centre of gravity or 
the load water section is not so far before the middle as 
3 fJ 2 
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Naval Ar- the cculre of gravity of the displacement itself, which is 
datecture. a principle to he observed in the construction of ships. 

(149.) We throw into the next Table the positions 
Positions of CJ f j| ie cel ,trc of gravity of displacement in the several 
nrantvof c l asses °f’ s hips : first, with regard to the centre of the plane 
of flotation ; secondly* as to its position above the lower 
side of the keel ; and thirdly, as regards its depth below 
the load water line. These important elements have 
been drawn from Mr. Edye’s admirable Tables. 


im*nt in 
Hcverul 
classes of 
ships. 


Class of Ship. 

Distance 
of the 
Centre of 
Gravity of 

I) Upline 
inent before 
tlie Centre 
of Flota- 
tion. 

Distance 
of the 
Centre of 
Gravity of 
Diaplacc- 
nient above 
the lower 
aldi- ot 
the Keel. 

Distance 
of the 
Centre of 
Gravity of 
DUp luce- 
rne nt lie low 
the Load 
Wiittr 
Line. 


(finii. 

Ft. 

In. 

Ft. In. 

Ft. 

In. 


JL'O 

2 

n 

16 84 

8 

7 


80 

1 

n 

M llg 

s 

•Jj 


74 

1 

10j 

14 

8 

0.J 

It .m e 

r A) 

1 

9 ? 

13 8j 

7 

01 

-4 


f>2 

2 

8* 

13 3jJ 

6 

7 j 


40 

3 

<JJ 

12 6J 

r> 

9* 

lluztc corvette. . • 

26 

2 

3 

11 

6 

°4 


28 

1 

10 

10 r.j 

4 

!°i 

Corvette 

18 

2 

34 

10 9.3 

4 

*1 

(inn-brig 

18 

1 

74 

8 114 

4 

"4 


10 

1 

3 » 

8 2} 

3 


Schooner 

. . . 

3 

U 

7 3} 

3 

11 

Cutter 

... 

1 

14 

8 0$ 

3 



Nkw 

Ci.(ss or Ships. 



Condon 

92 

3 

5 

15 5J 

8 

3 g 

Cantor 

36 

3 

n 

13 r >4 

! c 

1* 

Vernon 

50 

3 


14 3 » 

! 6 

Hi 

Hover 

18 

3 

34 

10 2 

1 

1 

Snake 

If. 

3 

ij 

9 IP* 

4 

0 -, 

4 


The nearest approach of the centre of gravity of dis- 
placement to the centre of flotation is in the (‘litter, and 
the next to it is the iS-gtin-brig. The two points are ut 
the greatest distance in the Vernon. 


On the Centres of Gravity of the Solids nf Imm< rsion 
and Emersion. 


Moments in the Middle Body. 


Extreme 

Products. 

1. .0000.00 

28. .5052.78 


5052.78= 


Second Class 
of Product*!. 

4.. 841.50 

7. . 1653.54 
,10. .2679.94 
5 13. .3(522.32 

16. .4527.90 
19. .5385.42 
22. .6258.42 
25. .6720.48 


31718.52 

2 


63437.04 = 


Third Class 
of Products. 

2.. 199.39 

3.. 461.52 
5 . 1065. '0 

6 .. 1373.70 
8 .2010.54 
9. .2369.76 

11. .3003.60 

12. .3320.46 

14.. 3924. 15 

15.. 4226. 04 
17. .4817.29 

2P18. . 5093.88 
20. . 5671.50 

21. . 5966.40 
23. .6515.52 

24.. 6701. ‘>9 

26. . 6543.00 

27.. 6102. 72 

69366.36 

3 


Naval Ar- 
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208099. 08 -3Q 


, • 3 * 
and since 

8 


2 . 25, we shall have 


(S + 2 P + 3 Q) ?-* = (5052.78 + 63437.01 
8 


+ 208099.08) X 2 25 = 622325. 023, 
which is the moment of the middle body. 


Moments in the Fore Body. 


Fa t re me Products. 

Kvi-n l’rotliicts. 

0<1<1 l’roducls. 

1.. 5052.78 

2 . .4521.48 

3. .3713.42 

7.. 5.22 

4. .2871.12 
^• 6 . . 051.88 

8044.48 

5.. 1811. 10 

5058.00 = 

5554 . 52 


2 


4 

11109.01 


32177^)2 = 

4 S — 


2 s 


and since - = the sections here being now supposed 
3 3 

to be two feet apart, we shall have 

(2 + 1S+2 ) i =(5058.00 + 32177.92 

O 


Centres of 0^0.) It is not only of importance that the true 
gravity of amount of the solids of immersion and emersion should 
Hulids of be calculated, but the positions of their centres of gra- 
i immersion v ity also, in order to discover if they are found in the 
and einer- same transverse section, or at the same common dis- 
wo "' lance before the aftermost section. Supposing the result 
of the computation should prove this not to be the case, 
such alterations must be made in the body as the re- 
sults seem to require. 

(151.) To determine in the first place the distance 
forward of the Immersions Centre op Gravity, wc 
must remember there arc three systems of moments to 
compute ; viz. those in the Middle Body, the Fore 
Body, and the After Body. 


+ 11109.04) x 5 =32229.97, 
3 

which is the umount of the moment in the fore body. 


Moments in the After.' Body. 


Ext re mo Prodycts. Kven Products. Odd Products. 


1 . . 

,.. 0.00 2 .. 

..39.93 

3.. 

..67.05 

7. . 

... 0.44 4 .. 

..69.77 

5.. 

. .41.43 


u.44=2 6 ' 

. . 14. IS 


losTis 



123.88 


2 



4 


— 





21G.9G 



495752 = 4 S 
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chit cct ure. and since - = 0.61, we shall have 

(2 + 4S + 2*)i = (0.44 + 495.52 + 216. 9C) 

u 

x 0.61 = 434.8812, 

which is the value of the moment in the after body. 

(152.) Now, since the moments in the middle and 
fore body are to be regarded as positive t and that in 
the after body as negative , we shall have 

Moments in the middle body . ... = -f- 622325.025 
Moments in the fore body = -j- 32229.970 

+ 654554.995 

Moment in the after body = — 434.8812 

Hence whole moment of the im-1 = , U3^ 

mersion J 

And since the solid content of the immersion has been 
found to be 7860.9703, we shall have 

Position of „ , .. . 

centre of M _ 6541-0. 1 138 

K rawtyof I> “ 7860.9703 J * 

immersed 

volume be- which is the distance of the centre of gravity of the ini- 
fou* section fncrse( | volume before section 1 of the middle body. 

(153.) A similar mode of proceeding must be pur- 
sued for finding the distance forward of the Emersions 
Centre of Gravity. 


Moments of the Middle Body. 


Extrema Si 

Products. o 

1.. 0000. 00 4. 

28.. 39 17. 94 7. 

9!)47T94=:S}!J- 


Second Cl ns* 
ol* Products. 

4.. 716.22 
7. . 177S.40 
,10. . 2792.34 
13. .3774.24 
16. .4717.80 

19.. 5661. 36 

22. . 6475.92 

2 5.. 6 10C. 56 


Tliiid ('lass 
of Products. 

2.. 155.94 

3.. 1I2.SC 
5. . 101)7 . 52 


9. .2463. 

11.. 3145. 


.6106.56 12.. 

828 ^ \t:: 

17. . 

61651 ,68=2P1S. . 

20. . 

21 . . 

23. . 

24. . 
26. . 
27. . 


69969. 7S 
3 

209909. 31 = 3 Q 


and since — = 2.25, we shall have 
8 

(S + 2 P + 3 Q) --*= (3947.94 + 61651.68 
8 

+ 209909.34) x 2.25 = 626645.16, 
which is the moment of the middle body. 


Moments in the Pore Body. 

Extreme Products. Even Products. 

Odd Products 

1. . 3947. 90 2. .8353.80 

3 .2778.84 

7.. 21.05 4. .2027.7 6 

5. . 1246. 10 

396H.95=S ■ 460 ' 96 

4021.94 

5842.52 

2 

4 

S019.SS = : 

23370.08 = 4 S 


and since ~ ? we shall have 

3 «* 


(2 + 4 S + 2 .s) 5 = (3968 . 95 

> -1- 23370.08 

+ 8049.88) : 

2 

< - = 2359?. 6 

which is the am omit of (he moment 

in the fore body. 

Moments in the After Body. 

Extreme Products. Even Products. 

Odii Products. 

1...0.00 2... 25. 71 

3 . .32.27 

7. . .2.18 4. . .39.88 

5. . .26.20 

277s = s 6 - • • 1 1 • i: ' 

5S.47 

76.34 

2 

4 

1 16.91 = 2 


Naval Ai^ 
chitecture. 


307.36 = 1 S 

and since - =0.61, we shall have 
«J 

(2 + 4S + 2*) i = (2.18 + 307.36+ 116.91) 

X 0.61 rr 260.152S, 

which is the value of the moment in flic after body. 

(151.) Two of these moments being positive, and 
the remaining one negative, we shall have 

Moments in the middle body = -J- 626645. 16 

Moments in the fore body = + 23592.61 

-f 650237 . 77 

Moments in the after body = — 260 . 1 :> ?8 

Hence whole moment of the ) , (,-170 

And since the solid content of the emerged volume 
= 7S15.31 19, we shall obtain 

M 649977.6172 . , lw , 

D ~ " 7MI5.31I9 — H ' <>et ’ 

which is the distance of the centre of gravity of (he Position i f 
emerged \olume before section 1 of the middle body. centieof 

(155.) Since then tJie centres of gravity of the solids ‘ ,f 

ot immersion and emersion are found so very nearly in | K .f oro fvC 
the same plane, differing only , J^ths of a foot, the con- tiou 1. 
struction, so far as regards this very important particular, 
may he esteemed correct. 

(156.) lienee it follows, that the centre of gravity of 
the displacement is 0.95 feet before the mean distance, 
of the centres of gravity of immersion and emersion ; 
and the latter point 0.67 feet before the centre of gravity jf tlusn 
of the load water section. cmtn-H lu» 

(157.) Unless these centres of gravity he found as f ,,ot 
nearly as possible in the same transverse vertical plane, 
a ship is liable to revolve round different horizontal |,| llMl >, tin* 
axes, producing irregular motions and impulses,— - cir- sliip mil n*- 
cuiiistancos by no means to he desired. Nor should y’h* mui.d 
this property belong to one inclination only, hut for even 
angle through which a vessel revolves. In the ease 
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Naval Ar- of the Bulwark of 76 guns, the centre of gravity of 
chitccture. her immersion at ati angle of ten degrees’ inclination, 
was only six inches in a fore and aft direction from 
the centre of gravity of the emersion, her character for 
regular and easy motion being of the best kind. In 
some oilier cases, however, where ships have been re- 
marked for their uneasy motion, as to this diagonal 
pitching, these centres have been removed from the same 
plane three or four feet- According to Mr. Morgan this 
very important principle was first attended to in the con- 
struction of English ships. 


Stability. 


Necessity 
of investi- 
gating it in 
a very ge- 
nera! point 
of view. 


Relation 

between 

immersed 

and whole 

limiting 

body. 


Three 

hi mis of 
IMJlllll- 

hrium : 

Stability, 

Instability, 


Indiffer- 

ence. 


The first 
most con- 
cerns the 
ship- 
builder. 


Stability. 

(158.) The question of stability is divided naturally 
into two branches, named Hydrostatic stability, or the 
stability of a flouting body at rest, aiul Hydrodynamic 
stability, or the stability of a floating body in motion. 

(159.) The Naval architect should investigate the 
subject in the most general point of view, and by making 
himself acquainted with the singular relations which its 
application to bodies of different forms disclose, be 
enabled to investigate with confidence the. stability of 
a ship of any kind, whether destined for commerce or 
the purposes of war. 

(160.) A slight acquaintance with Hydrostatics will 
convince us that a relation exists between the part of a 
floating body immersed in the sea, and the whole 
amount of its magnitude, dependent on the relative spe- 
cific gravities of the fluid and solid muss. A body may, 
indeed, be immersed in a fluid in many different ways 
so as to preserve this relation entire, but there may not 
be one position in which it will permanently rest; nor 
ean a state of quiescence be at any time obtained, until 
the vertical lilies which pass respectively through the 
centres of gravity of the whole body and its immersed 
\ niumc completely coincide. 

(161.) A floating body assumes three kinds of equi- 
librium when these centres of gravity are in the same 
vertical line: 1st, the equilibrium of stability, or that ill 
which the solid permanently floats in a given position. 

2dly, the equilibrium of instability , or that in which 
the body spontaneously oversets, unless sustained by 
some external force; and which kind of equilibrium takes 
place, when a needle or any other sharp pointed body is 
attempted to be raised on a smooth horizontal plane. 

And .'Idly, the equilibrium of indifference , occupy- 
ing a kind of limit between the other two, when the 
solid rests on the fluid indifferent to motion, having no 
tendency to right itself when inclined, or in any way to 
increase its inclination. 

(162.) The first of these conditions is that which 
most concerns the ship-builder thoroughly to under- 
stand. Among the great variety of bodies which per- 
manently float on the surface of a fluid, experience tells 
us there are some more easily inclined from a quiescent 
position than others. Many bodies, after undergoing 
nn inclination, return to their original positions with 
greater readiness and power than others; and this is 
particularly observable among ships at sea. where the 
same impulse of the wind produces a much greater inclin- 
ation from u vertical fiositidii in one vessel than in another. 
Hence it is, that in order to form a due estimate of the 
resistance to inclination, and to be able to compute the ab- 
solute stability for different angles of inclination. Mathe- 
maticians have been induced to investigate rules, by which 
the stability of ships may he computed prior to their con- 
struction. when their dimensions and weight are known. 


(163.) There have been many beautiful essays pub- Naval Ar- 
lished on the stability of floating bodies, some treating chitecture. 
it theoretically ami adorning the subject with the richest 
flowers of analysis, whilst others have aimed at a more ^ in 
practical character. The name of Atwood is rendered which ihe 
immortal in the annals of ship-building by two admirable subject of 
Treatises on the stability of floating bodies, published in stability- has 
the Philosophical Transactions for 1796 and 1798. In 
these Papers he demonstrated, that a more accurate i„ v »-stiga- 
at tent ion to the forms and dimensions of the solids tinus ot 
immersed and emerged in consequence of the inclina- Atwooil. 
tion was absolutely necessary ; and leaving the consi- 
deration of infinitely small angles of inclination, which in 
so many cases leads to erroneous or inconclusive results, 
created a formula fur finite angles of inclination, and 
which required as a fundamental condition, a rigid 
attention to the form of the body. Before entering on the 
consideration of this formula, we shall, however, briefly 
advert to a few remarkable particulars deduced by Mr. 

Atwood, respecting the equilibrium of floating bodies. 

(164.) In the first place, the total number of posi- Positions of 
tious of equilibrium of a floating body, movable round a equilibrium 
fixed axis, is in all cases an even number; and secondly, 
that the number of positions of equilibrium of stability, 
is equal to the number of positions of equilibrium of 
instability ; so that in turning round an invariable axis, 
the body must alternately pass from a position of stability 
to one of instability. There must in every body be at least 
one position of equilibrium of absolute stability, and one 
of absolute instability. 

(165.) There are some relations depending, more- Investigu- 
over, on the form and specific gravity of the body, tlon °J a 
which it is proper to advert to more particularly. If we JUlielo- Pa " 
take, by way of example, a square parallolopiped, piped, 
floating freely on a fluid’s surface, it will be found 
thut so long as the specific gravity of the body is 
confined between the limits of zero and 0.211, the 
solid will permanently float on the fluid with a flat 
surface upward, parallel to the horizon. That when 
chc specific gravity rises to any magnitude he- Nimoric.il 
tween the limits 0.211 and 0.25, the parallelo- 1,m,N c,,n ’ 
piped will float permanently wilh a flat surface upward, Its Hoitm* 
but inclined to the horizon at different angles, whose 
limits are zero, corresponding to the specific gravity 
0.211, and 26“ 3 P corresponding to the specific gra- 
vity 0.25. If, again, the specific gravity be found 


between the limits 0.25 


— and ^ the parallelo- 


piped will float wilh one angle only immersed beneath 
the surface, its diagonal being inclined to the vertical ut 
various angles, depending on the specific gravity, the 
limits being lb° 26\ conespondmg to the specific gra- 



and zero corresponding to the specific gravity 


— . As soon, nowever, as the specific gravity is in- 
32 „ 

9 

creased beyond the solid will permanently float with 

one of its diagonals vertical, until the specific gravity 
. 23 

reaches the limit of . It again the specific gravity 


be augmented to any quantity between anil the 

floating body will repose with its diagonal variously in- 
clined, the limits being zero, corresponding to the spe- 
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cific gravity — , and 18° 26' corresponding to the spe- 
3« 

24 

cific gravity -r, three angles of the solid being in this case 

immersed beneath the fliiid*s surface. If, moreover, the 
specific gravity be augmented to a quantity between the 
24 

limits — and 0.789, the solid will float with a flat sur- 

WA 

face upward, inclined to the horizon at sundry angles 
depending on the specific gravity, the limiting angles 
being 26° 34', corresponding to the first specific gravity 
24 

— , or 0.75, and zero corresponding to the other ?pe- 
32 

cific gravity 0.789. Finally, when the specific gravity 
reaches a magnitude between t he limit* ot 0 . 7S9 and unity, 
the assumed specific gravity of the fluid, the solid will float 
permanently with a flat surface parallel to the horizon. 

(166.) Hence we infer, that while the square pnnd- 
lelopiped floating on the fluid’s surface, has revolved com- 
pletely round its longer axis, or through 360°, it has passed 
through either sixteen or eighteen positions of equili- 
brium. When the specific gravity is found between the 
limits 0.211 and 0.281, or between 0.719 and 0.789, 
the number of those positions will be sixteen, eight of 
which are positions of permanent, and the remaining 
eight of unstable equilibrium ; the two kinds of equili- 
brium succeeding each other alternately, as the solid 
revolves. In case the specific gravity should be of any 
value not included within these limits, the solid in com- 
pleting Us rotation will puss through eight positions only 
of equilibrium, four of which uie of permanent and four 
of unstable equilibrium. 

(167.) A number of singular properties might be 
given depending on the forms of bodies and their dif- 
ferent specific gravities, and which it would be useful for 
the young Naval architect to investigate ; but our limits 
will only permit us to refer to one or two. In the case 
of a cylinder placed on a fluid with its axis vertical, if 
the diameter of the base has to the axis a greater ratio 
than y/2: 1, no value can be given to the solid’s specific 
gravity, which will cause it to float in a slate of insen- 
sible equilibrium ; or in other words, there, is no specific 
gravity separating the cases in which the cylinder will 
float permanently, from those in which it will overset 
when the axis is placed veitically. The cylinder under 
these circumstances must always float permanently with 
its axis vertical. When, however, the diameter of the 
base has to the length of the cylinder, a less ratio than 
V2 : 1» two values of the specific gravity may he found, 
which form limits to the cases in which the solid floats 
with stability or oversets. If the specific gravity he 
given, the relation of the cylinder’s length to the dia- 
meter of the base may be fixed which limits the cases of 
stability or instability of floating with the axis vertical. 
If, for example, the specific gravity be 0.75, and the 
diameter of the base lias a greater ratio to the axis than 
3 

- : 1, the cylinder will float permanently with its axis 

2 • 

vertical; but if the ratio be less, the cylinder will overset. 

(168.) If we take the case of a parabolic conoid, — 
a body connected with the immortal name of Archi- 
medes, we shall find in the first place that when the 
axis is to the parameter in a less ratio than 3 : 4, no 
specific gravity can he found which will make the 
solid float in the equilibrium which is a limit between 
the stability and instability of floating. Secondly, that 


if the specific gravity of the solid bears a 
to that of the fluid, than that which the 
the difference between the axis and threc-fouril^ 
parameter has to the square of the axis, when tluiV 
is placed vertically, the solid will float with stability^ 
that position. Thirdly, that if the specific gravity of tit 
solid has a less ratio to the specific gravity of the fluids 
than that which the square of the ubove difference bus 
to the square of the axis, the solid will overset when 
placed on the fluid with its axis vertical, and wdl settle 
permanently with its axis inclined to the vertical liue. 
If the specific gravity of a parabolic conoid be less 
than the limit just referred to, and the axis be to the 
parameter in a greater ratio than 6 to H and less than 
15 to 8, it will float permanently on the fluid with its 
axis inclined to the horizon, and with its buse wholly 
visible above the surface. These beautiful properties 
we owe to that admirable analysis, which, in the hunds 
of Archimedes, was cultivated with such transcendent 
success. Too much neglected by the moderns, it is 
refreshing to turn occasionally to these splendid remains 
of ancient genius. The investigations of Archimedes 
urc contained in the second book of his tract, De. its qitre 
in humidu vihuntur. 

(169.) hi order to place before the young ship-builder 
a few connected results on this interesting and import- 
ant subject, we throw into the next Table Mr. Atwood’s 
comparative stabilities of several bodies. Some ele- 
ments, it will be perceived, arc adopted by him as com- 
mon, such as the breadth of the water section denoted 
by 100, the distance of the centres of gravity of the entire 
body, and of the immersed volume, represented by 13, 
the area of the section of the displaced volume denoted 
by 3600, and the angle of inclination 15°. From these 
assumptions he deduces the numerical values rccoided 
in the two last columns. 
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Sides of the vessel 
parallel to tile 
plane of the 
musts above and 
below the water 
section. 

100 

13 

3000 

15° 

2. 84 

5G.8 

Sides of the vessel 
above the vi ater 
section projecting 
outwards 1 5 & , 

and parallel to 
the masts below 
the same section 

10J 

I 

13 

I 

3000 

15° 

3.2! 

64 2 

Sides of the vessel 
above the water 
section, inclining 
inwards 15°, and 
parallel to the 
masts lelow the 
same section. 

100 

j 

13 

.3600 

1.V 

2.53 

50.6 
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Form of the 

Body. 

breadth of the Water 
Section. 

Distance of the Centres of 
Gravity of the Whole Body, 
and the immersed Volume. 

Area of the Section of the 
displaced Volume. 

Angle of the Body's Inclina- 
tion from the Perpendicular. 

Numerical Value of G Z, or 
the Measure of the Body's 
stability. 

Comparative Measure of the 
Wind's influence acting on the 
Sails of the Body at the mean 
distance of 50 from the Axis, 
in Tons. 


Sides of the vessel 
above and below 
the water section 
inclining out- 

wards 15°. 

100 

13 

3000 

If) 0 

3.50 

71.7 


Sides of the vessel 
above and below 
the water section 
inclining inw.wds 
l.V. 

100 

13 

3600 

15° 

2.21 

44.2 


Sides of the vessel 
form mg an isos- 
celes wedge at an 
angle of 30 *, its 
vertex immersed 
in the water. 

100 

13 

3000 

15° 

2.8G 

57.0 


Sides of the vessel 
forming un isos- 
celes wedge at an 
angle of 60", its 
vertex immersed 
in the water. 

100 

13 

3600 

15° 

2.02 

58.4 


Sides of the vessel 

1 forming an isos 
cell's wedge at an 
angle of 30 1 ", its 
vertex above the 
water. 

100 

13 

3C00 

15° 

2.86 

57.0 


Sides of the vessel 
above the water 
section parallel 
to the masts, and 
inclining out- 

wards 1 fi° below. 

100 

13 

3600 

15° 

3.21 

64.2 


Sides of the vessel 
above the water 
section parallel to 
the masts, ami in- 
clining inwards 
1 5 ’ below. 

100 

13 

3000 

IT) 0 

2.53 

1 

50.0 


Sides or the vessel 
fi rming the uni- 
form surface of a 
cylinder. 

100 

13 

3000 

15° 

2.03 

52.5 


Sides of the vessel 
formed by arc** 
of a conic para- 
bola. 

' 100 

13 

3000 

u>° 

2.81 

52.8 ] 


(170.) The numbers which give the measures of the 
comparative stabilities afford some interesting materials 
for examination. A comparison of numbers 2 and 9, 
of 3 and 10 v and of 6 and 8 disclose the remnrkahlc 
fact, that whether the sides which spring from the 
water section, incline outwards above , or outwards 


below , the measure of the stability is the same ; or whe- 
ther the sides incline inwards above , or inwards below , 
the stabilities are still ecjual to each other. Whether the 
transverse section be, moreover, a rectangle, an isosceles 
wedge having its sides inclined to each other 30°, and 
wilh the vertex either above- or below the waters sur- 
face ; or whether the same section be a conic parabola, 
the measures of the stabilities are identical. The dili- 
gent inquirer may draw from the same Table other im- 
portant information. Such are the curious and interest- 
ing results which even a brief examination of the sub- 
ject alTords. To the Papers of Atwood we would add 
the imisterly Treatise of Dupin read before the Institute 
of Fram e, and enriched by all the resources of Modern 
Geometry. It is a subject which the Naval architect 
should delight to dwell on, as one replete with the 
deepest interest, and lying at the foundation of his 
noble profession ; which opens, moreover, an immense 
field for the finest applications of analysis, discloses rela- 
tions of a singularly curious kind between forms and 
specific gravities, and in every point of view deserxes 
an attentive philosophical examination. 

(171.) To those of our readers who may, however, 
be unable to follow Mr. Alwood through the analytical 
investigations necessary for computing these various 
stabilities, the same may be prosecuted experimentally, 
and a method for doing it may be seen in the Annals 
of Philosophy for 18’24. A reference to Colonel Bcau- 
foy's Tables will show how closely the results of experi- 
ment approximate to those of theory. 

(172.) But we must hasten to its application to 
ships, the main and essential object of this Treatise. 
It is a fundamental position that the resultant of the 
force which the water exerts in supporting a ship, and 
in resisting its tendency to heel, passes through the 
centre of gravity of the displacement, and that the 
direction of this etfbrt is at right angles to the water’s 
surface. It is for this reason a vessel, free and at rest, 
must have its centre of gravity in the resultant of the 
force of tlie water which supports it. When the ship 
heels, there is a tendency arising from the vertical pres- 
sure of the fluid acting upwaids on the side of the 
vessel which is most immersed in the fluid to restore it 
to the position it had when at rest. The amount of this 
force is to he regarded as the measure of the stability. 

(J73.) \\ believer a ship is inclined in the sea from 
an upright position, a prismatic solid is emerged on one 
side, to be denoted in the present investigation by E, 
and another prismatic solid immersed on the other, 
which we shall represent by I. These two solids, how- 
ever dissimilar they may be from the peculiar figure of 
the ship, must of necessity be equal, the volume of the 
displacement remaining unaltered. The solids, more- 
over, being formed by the mutual intersection of two 
planes, one of which is the load water plane when the ship 
is floating upright, and the other a load water plane 
when she is inclined, the intersection must of necessity 
he a right line. From the circumstances, also, which 
influence, the motion of the ship, this line must, more- 
over, be parallel to the axis of rotation, which is a right 
line passing through the centre of gravity of the vessel 
from head to stern. Let the line separating the im- 
mersion from the emersion be therefore denoted by x. 
Let (1 (pi. i. fig. 5) also be the centre of gravity of 
the whole ship, F that of its displacement when the ship 
floats upright, and Q the representative of the same 
point when the ship is laterally inclined. Let QT V M 
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be a vertical line passing through the centre Q ; atul 
through F and G draw FT and O V ut right angles to 
Q M, and through G draw GO parallel to QM, in- 
tersecting F T in O. 

(174.) Since, by the heeling of the ship, the vo- 
lume E is taken from the displacement on the one 
hand, and I, which is equal to it, is added to the dis- 
placement on the other, the bulk of each volume being 
supposed to be concentrated in its centre of gravity, the 
former volume may he conceived to be transferred to I. 
The horizontal distance of the centres of gravity of the 
two volumes being* denoted by 6, the moment resulting 
from the translation of E will be b E, or 6 f. 

(175.) Now when by the action of the wind the 
ship is made to heel through the angle AS <z, or its 
equal F G O, the buoyant power of the fluid is trans- 
mitted upwards through the line Q M, with a force 
equivalent to the weight of the ship, or its equal 
the displacement D. The effort, therefore, made to 
right the ship, or to make it turn round a longitudinal 
axis passing through G, is proved by Atwood to be 

DxdVsDx FT - D x F O. 

And since D x FT is the horizontal moment of the 
displacement in consequence of the removal of E to I, 
it is equal to the horizontal moment of E, that is to b 1. 
Ileuce the preceding expression becomes 

I) x (3 V = 6 I - 1) x F O 

= b I - D x F G x sin F G O. 

And if we represent F(* by «, and the sine of the incli- 
nation of the vessel, or F(i U, by we shall obtain the 
general formula 

1) X G V — bJ - Das (I.) 

(176.) This thcoiem, which is due to Atwood, enables 
us to find the stability of a iloating body, whether that 
body be symmetrical with regard to the axis of motion, 
as is alwajs the case in a ship, or whether symmetry of 
form docs not exist, or the body he homogeneous, or the 
contrary. It is from this formula that Atwood derived 
the various positions of the floating parallclopiped be- 
fore alluded to. 

(177.) The line separating the volumes 1 and E must 
evidently be a right line, being formed by the inter- 
section of two planes, that of the load water line when 
the ship is upright, and that, of the load water line when 
the ship is inclined. This line, moreover, must lie 
parallel to the axis of rotation, or to a right line pass- 
ing through the centre of gravity of the ship, Irom head 
to stern. Let therefore the line separating the immer- 
sion from the emersion be denoted by .r, and a longi- 
tudinal plane be supposed to pass through it, perpendi- 
cular to the water’s surface. Suppose also Z to denote 
any section A S a of the solid I, perpendicular to .r, and 
let z be the corresponding section B S b of the emerged 
solid E. Moreover let W, w be the horizontal distances 
of the centres of gravity of the sections Z and s irom 
this longitudinal vertical plane. Then by the ordinary 
principles of Mechanics, we shall obtain 

fZWdx 

I 

for the horizontal distance of the centre of gravity of 
the immersed solid I from that plane, and 

/ * tv d x 
* E 


for tlie horizontal distance of the centre or uravitv of Naval A* 
the emerged solid E from the same plane. Hence ' chitveture. 

/Z Wrf* fzwdx * ’ 

I ~ K ' 5 

or since by the conditions of a floating body I = E, we 
shall further obtuin 

_ / ZWi x +J'z wdt 

I * 


6 = — - 

bls/ZWdx+f z w d x. 


or 

Consequently the general expression denoted by (I A 
will become 

D X a V r=/z W d X + fs W d X — D« * . . . . (II.) Anotlii'rt'x* 

which is another expression for the stability of a ship. E^T 11 
(178.) This formula is susceptible of some rnodifi- ° * a,lie * 
cations hy supposing the heeling of the vessel to be 
evanescent. I n this case by denoting the half breadth 
of the ship at the water* surface by y, we shall huve 


and 


rj y x 

W = w=ly; 


Another ‘ 
form for the 


and the general formula (II.) becomes 

DxGV = j-/ *y'<l * - Das. . . . (III.) 

If the indefinitely small angle be regarded as constant, pi* 1 wiling 
this last expression for the stability becomes formula. 

\fy'dx- D«. 

When the displacement is given, the stability is mea- 
sured by 

- / j fix 

D “* 


which w the case when two ships of equal displace- 
ment are inclined at some small constant angle. 


The function 


-*fy* dx 


D 


Formal 'i for 
the mi'td- 
CiMitie. 


is the height of what is commonly called the meta- 
centre above the centre of gravity of the displacement. 

In (his case the stability will be measured hy trie 
height of the nictacentrc above the centre of gravity of 
the ship. 

(17‘J.) Tu any case where the centre of gravity of 
displacement might coincide with the centre of gravity 
of the ship, the value of a becomes zero, and the str- 
bility at any small ungle of inclination will be 

2 Formula 

“ J 9 y s a «r, for nny 

“ smia'I anglo 

and supposing this small angle to be constant, we shall of mclma- 
have 

| fy*d* ( 1V >) 

(190.) These latter formula, however, must be em- 
ployed with caution, and in no case can they be relied must be em- 
on as measures of the stability, excepting at the very ployed with 
instant when a ship begins to heel. In the case of an caution* 

3 D 
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ordinary inclination of five or ten degrees, the relation 
of the stabilities in two sopurute cases might be very 
different from vvlmt the formula. (IV.) would give, when 
the centres of gravity of the whole ship and the displace- 
ment coincide; or what maybe derived from the pre- 
ceding formula (III.) when the centre of gravity of the 
ship is higher than that of the displacement. For in 
either case the virtues of W, w , might neither be equal 


to each other, nor to ; and the values of Z and z 
£ 

ii y 

may also very much dilfer from - 7 ^. 


Kxamplo to 
prove ihe 
necessity of 
CAutiun. 


A Millie 

a'umput.i- 
tion of the 
stability .it 
one ;mglu 
not sutli- 
tfieiit. 


To deduce 
from for- 
mula (II.) 
flip actual 
stability. 


(1SI.) By wav of illustration, suppose two vessels, 
A and B, tigs, (i and 7, to he so constructed, as to have 
identical loud water lines, and the centres of giavitj of 
the whole ship and the displacement to coincide; the 
sides of one ol the vesseN falling out above and below 
tin* water’s surface, and the sides of tin* other falling in. 
Now, although the most ordinary mechanic must at 
once perceive that the stabilities of these bodies are not 
the same; and that the same impulse of the wind on 
espial masts and sails may in the two eases produce 
ven difi'erent effects, — in one instance producing perfect 
security, and in the other extreme danger, — yet according 
to toi inula (IV.) the stability of each will be tin* same. 
Tims may the Naval Architect who is ienll> desirous of 
advancing his art, draw from these analytical forms, mo- 
tives for caution; and, moreover, learn, that although for- 
mula* may sometimes be sanctioned by high names, and 
fora long time he current in the world, yet unless founded 
011 legitimate facts and 011 that unyielding (ieometry 
which allows nothing to escape its power, they ought at 
once to he rejected, or received only as approximations, 
until others founded on belter principles can be found. 

(18;>) It is not a. single computation of the stability 
at one given angle, that can satisfy the desires of the 
scientific ship-builder. It must be found tor three or 
four angles of heeling, as :t'\ 5°, 7°, 9°, &e. t in order to 
satisfy him whether the vessel he is about to construct 
lias a sufficient stillness at each successive angle, and 
whether at the same time she performs her motion of 
rolling witli ease. In such a case some fine and ap- 
proved model of the same class is commonly selected as 
a standaid, in order to assist the constructor in his con- 
ceptions. A Naval Architect well uccpiniiited with the 
details of his profession, may even from the principal 
dimensions and form of the sides between wind and 
water, make a toleiahle estimate of the vessel’s stability, 
by knowing the principal dimensions and form of the 
sides between wind and water. 

(183.) But to deduce at once from the general formula 

f VV Z d x -f f wzdx - Dins 

the actual stability of a vessel, some angle of heeling, or 
inclination must be fixed on. Suppose, for example, it 
be 9°, and that an inclined load water plane be drawn, 
forming transversely with the horizontal plane of the 
same kind an angle equivalent to this quantity. In the 
great majority of cases, the solids of immersion and 
emersion formed by these planes will not be equal, their 
common intersection, excepting in particular construc- 
tions, falling 011 the lee side of the middle of the load 
water line. Hence an interval of ,° 0 or -? Q ths of a foot 
is assumed on one side of the middle point of the loud 


water line on the body plan, for the intersection of the 
two planes. 

(184.) To compute the solids of emersion and immer- 
sion recourse must be had to the sectorial areas formed 
by the vertical sections of the body with the solids here 
adverted to. Each of these sectorial areus may be 
regarded as made up of a triangle and a curviliueal 
space, the latter being without sensible error regarded us 
a parabolic area. Having comjuited the whole of the 
sectorial areas, the actual solidities of immersion and 
emersion must be computed by the proper formula*. 

(18b.) If the tesulls of these computations shouid 
prove the solidities of immersion and emersion to be 
unequal, some other point must be assumed for the in- 
tersection of the inclined and load water lines, and the 
preceding computation repeated until the two solidities 
are found equal. To assist us in determining this 
point, let A represent the computed difference of the 
solids of immersion and emersion, and a the area of 
the inclined load water plane. Moreover, let .r he the 
poi pendieular distance of the true inclined load water 
line liom that just assumed. Then it is manifest, that 
without any veiy sensible error a x = A, and couse- 
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qiicully , x = — , both of which functions are known. 
a 


Hence the value of the fraction -- being set off’ at ii: ht 

a * 

angles to the load water line first assumed, will give the 
position of the true one, as required. 

(I 8 G.) Supposing, therefore, the position of the true When ...1 
inclined load waterline to beat length attained, we may ,s 

proceed to the final calculation of the stability. The in- J^enthen* 
tegral of the function W Z d x maybe obtained by means j ll)W 
of the sectors already alluded to. 'The different values of stability 
Z and c luvevanls result from that process of compu- ni,l > 
tation, and the values of Wand ir maybe found as co,n l ,ll,c<1 * 
follows. Suppose SB I), fig. S, to represent one of the 
sectors S I) the uptight load water line, and S B that 
which is inclined. Joining HI* will divide the sector 
into the triangle and supposed parabolic area before 
alluded to. Bisect B l) 111 ft, draw IOC perpendicular 
to B 1 ), and make G F equal to two-fifths of it. Fmm 
ft mid F let tall G (« and F 11 at right angles to S B. 

Then will two-thuds of S(i he the distance of the ccutie 
ot gravity of the triangle S I) B from the point S, mea- 
sured on the surface of the water; and S II will be the 
distance from the same point of the centre of gravity of 
the curviliueal area D B t’. Hence 


| S ti x S B D -]- S 11 x B C D 

u 

will give the value of W Z for this sector. And thus 
may the value of W Z he found for every sector. The 
application of one of the formula^ for equidistant ordi- 
nates hence determines the integral of W Z d.r. 

(IS7.) A^like method is pursued in determining the 
integral of the same function when its elements are 
ma<ic to represent the more curved |>arts of the im- 
mersion that lie near the stem j)ost and stern, in a 
similar manner the value o fj'wz dx may be found. 

(188.) With regard to the remaining function D«j v 
the value of the displacement D lias been already com- 
puted, and « is known from the fixed inclination of the 
vessel. The element «, depending on the true position 
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Naval Ar- of the centre of gravity of the vessel, can only be 
chite cture. f omu i hy ligorous calculations, which we shall hereafter 
explain, or by reference to another ship of the same kind. 
Hence the value of all the functions constituting the 
second member of the equation 

D X (3 V = y Z W d x + f z w d x — Das 

are known, and thus the true measure of the stability is 
obtained. Let it be borne, however, in mind, that 
tedious as the processes of calculation may be found, 
the constructor must repeat them, until he finds at every 
reasonable inclination, that the stability is nciihcr too 
small nor too great, and that the changes produced by 
rolling are such as shall satisfy both him and the gal- 
lant men who may hereafter navigate the vessel on the 
sea. 

Actual com- (ISO.) The first step in the computation we shall 
flirtation. illustrate is that of the solidities of immersion and emer- 
sion. Knell of these will be dmded as before into the 
middle body, the lore body, and the after body, these 
several parts being calculated by means of the proper 
formula. 


To find the Content of the Immersion when he tied lo 9\ 
Areas 01 the Sections in the Middle Body. 


To find tho 
content of 
Hi" mituer- 

v.un. Extreme Areas. 

1. .34.17 
28. .31.19 

55.6(5 = S 


Second Class of 
Areas. 


Third ('lass of 
Areas. 


16 


25 


..42.16 

2. .33.23 

. .1(5.75 

3 . . 38 . 46 

. . 19.61 

ft. . 44.40 

. . 50.31 

6. .45.79 


8. .47.87 

. .49.87 

9. . 49.37 

. .49.67 

11. . 50.06 

. . 4(5.67 

12. . 50.31 

385.35 

14. . 50.31 

0 

15. . 50.31 

A 

17. .50.18 

770.70 = 

2 P 18. . 19.94 

Oil m et ~ 


. 19.7-2 
. If). 30 
.48.5(5 
2(5. .43.(52 
27. .39.1 2 


21 . 

23 

24. 


840.3(5 

3 

2521.08 = 3 Q 

3 i 

and since - = 2.25, we shall have 

u 

(S + 2 P -J- 3 Q) — =(55.66 + 77i).'/0-f 2521.08) 

X 2.25= 7531.74, 

which is the solid content in the middle body. 

Areas op Sections in Fore Body. 

To find in the next place the solidity of the fore body 
we shall employ the formula 

(2 + 4S + 2.)-i. 


Extreme Areas. Even Areas. 

Odd Areas. 

1. .31.19 2. .27.57 

3. . 22.37 

7.. 0.03 4. . 17.0!) 

5.. 10. H3 

31.22 = X 6 ’- 379 

33.20 

48.45 

2 

4 

66.40 


193.90=4 S 

and since ^ = t,lc sections here being now supposed 
two feet apart, we shall have 
(- +• 4 S + 2 s) ^ = (31.22 + 193.80 + 66.40) 

X | = 194.28, 

which is the solid content in the fore body. 

Areas op Sections in After Body. 

In like manner, by applying the same formula to the 
after body, we shall have 
Extreme Amu. 

J. .21.47 
7.. 0.04 


24.51 = I 


Even Areas. 

Oild Areas. 

2. .22.93 

3. . 18.32 

4. . 12.71 

5. . 5 . 6(5 

6.. 1.55 

23~ 08 

37.1!) 

2 

4 

47 . !)(» 

148.76 = 

4 S 


i 

and since 0.61, we shall have 
3 

(S + 4 S + 2 *) ; = (21.51 + 148 70 47.96) 

3 

X 0.(51 = 131.9503 
fur the solidity in the after body. Hence the total 
amount of the solid of iinmersiou will be 78(50.9703 
cubic feet. 

To find the. Content of the Emersion when heeled to 9\ 
(190.) By a similar process of computation we shall 
obtain the solidity of emersion. 

Areas of Sections in Middle Body, 

Second Class of Thud Ckm of 

Aieos. Areas. 

4.. 39. 79 2. . 25.99 

7. .40.40 
10. . 51.7k 
13. . 52.42 
16. . 52.43 
19.. 52.42 
22 .51.42 


Extreme Array. 

1. . 17.19 
28. .24.37 

4 rrsvi = s 


25.. 44. 49 


3. 
5. . 
(5. . 
8 . . 
9. . 
11 .. 
12 . . 

14.. 
15. . 

17. . 

788.14 = 2P 18. . 

20 . . 

21 . . 

23.. 

24 


394.07 

2 


31.34 
45.73 
48.40 
50.(57 
51.33 
52.42 
52.42 
52.42 
52.42 
52.42 
. 52.42 
. 52.29 
.52.22 
.49.65 
.48.43 
26.. 40.39 
27. .33.72 

847.68 

3 

2573.04 = 3Q 


3 D 2 
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chitecturo. and since — = 2.25, we snail have 

(S + 2P + SQ)^ = (41.56 + 788.14 + 2543.04) 
o 


X 2.25 =7583.665 


for the content in the middle body. 


Areas of Sections in the Fore Body- 


Extreme Areas. Even Areas. 

1. .24.37 2. .20.45 

7. . 0.12 4. . 12.07 

6 .. 2.68 


Odd Areas. 

3. . 16.74 
6.. 7.33 


24.49 = 2 


35.20 

4 


140.80 = 4S 



48.14= 2 s 


Extreme Areas. 

1.. 17.19 

7.. 1.98 

19. 17=2 


Even Areas. 

2. .14.05 

4., 7.63 

6. . 1.23 

iiTo T 

4 

97.64 = 4S 


Odd Areas. 

3.. 10. 16 

5.. 3.58 


and since - = 0.61, we shall have 
3 


(2 + 4S + 2i) jB 09.17+ 91. <M+27.48)x0.61 

= 84. 3569 


683. 25= S 


1.. 282.69 4. .641.25 2. .447.46 

28. .400.56 7.. 750.05 S. . 558.52 

10. .803.92 5. .691.93 

13.815.02 6.. 726.73 

16. .815. 02 8.. 773. 11 

19.. 807. 98 9. .799.13 

22. .801.99 11. .811. 13 

25 .738.91 12.. 815. 02 

14. .815.02 

15.. 815. 02 
17. .812.92 

123 18.28=2P 18. .809.03 

20. .805.99 

21 .803.04 
23. .799.23 

24.. 783.74 

26. .663.97 

27. .562.86 


Nival Ar- 
chitecture. 


13293.85 

3 


2 Q 

and since ~ the sections here being now supposed 

3 3 

to be two feet apart, we shall have 

(2 + 4 S + 2 a) *- = (24. 49 + 140.8 + 48.14) 

«s 

x | = 142.29, 

O 

which is the solid content in the fore body. 


Areas of Sections in After Body. 

In like manner for this portion of the emerged volume 
we shall have 


39881.55 = 3 Q 

% . 3 i 

and since — = 2.25, we shall have 
8 

(S + 2P + 3Q) ~ = (683.25 + 12348.28 
8 

+ 398S1.55) X 2.25= 119054.43, 
which is the value of the integral J Z W d x in the 

MIDDLE BODY. 

(192.) In the same manner, to obtain the values of 
Z W in the fo re body, we shall have 


1.. 400. 56 

5.. 0.01 


2.. 297. 42 

4.. 55.19 


3. 


400.57= 2 


352.61 

4 


.173.18 

2 

‘M6.36 = 2 s 


1410.44 = 4 S 


27.48 = 2 s 


and since — = 1, we shall have 

(2 + 4S + 2*)y = (400.57 + 1410.44 + 346.36) 

X 1 = 2157.37 

for the vulue of the integral J Z \V d x in the Fonn 

BODY. 

(193.) So also for the values of Z W in the after 
body, wc shall obtain 


1.. 282.69 

7.. 0.01 

*282770 = 2 


i 


2.. 254. 53 
4. . 106.70 

6.. 4.60 


365.83 


3. . 181.65 

5.. 37.29 

218794 

2 


437.88 = 2 


1463.32= 4S 


for the solidity in the after body. 

Hence the whole amount of the solid emerged by the 
heeling of the ship 9°, will be 7815.3119 cubic feet. 
Commi- (191.) Let us in the next place endeavour to obtain 
t .it ion of the value of/ Z W d j for the three parts into which the 

the function immersed part is divided. 

tf I. W dr. Thc va i U cs of Z W in the immersion of the middle 

body are obtained as follows : 


and since ~ =0.61, there results 
3 

• ■ 

(2+4S+2»)-L = (282.7 + 1463.32 + 437.88) 

X 0.61 = 1332.179 

for the integral of /Z Wd Tin the after body. 

lienee the value of / ZW dx for the whole im- 
mersed volume will be 122513.979. 

(194.) Proceeding in the same manner for the emeu- 
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sion, we shall obtain the following results for the values 
of z w in the middle body. 


1. . 164.16 
29.. 280.47 

444 763 =S 


4 

. .580.43 

2 

. .305.97 

7 

. .804.99 

3 

..461.88 

10 

. .869.36 

5 

. . 708.63 

13 

. .889.99 

6 

..771.27 

16 

..990.09 

8 

..835.98 

19 

. .895.08 

9 

. .857.22 

22 

. .858.23 

11 

. .881.91 

25 

. .690.65 

12 

. .888.67 


6468.81 

o 

14 

15 

. .990.09 
. . 890.09 


A 

17 

. . S89.72 


12937.62= 

2P18 

..887.48 



20 

..883.61 



21 

. .880.69 



23 

..819.02 



24 

. .778.57 



26 

. .591.53 



27 

. . 457.05 




13679.38 


3 


4 1038. 14 = 3 Q 


3 i 

and since — = 2.25, we shall have 


(S 4- 2 P + 3Q)? g - = (444.63 -j- 12937.62 + 

41039.14) x 2.25 = 122445.8775, 

whi<-h {fives the value of f s w d x in the middlf. iiody. 

(195.) In like manner to obtain the values of 2 w in 
the fore body, there will arise 

1. . 280.47 2.. 186.03 3.. 99.04 

5.. 0.12 4. 30.47 2 

280.59 =2 216.50 198.08 = 2* 

S66.00 = 4 S 


and since — = 1 , 
3 


wc shall further obtain 


(l + 4S + 2s)y = (280.59 + 866.00 + 198.09) x 

1 = 1344.67 

for the value of f z w d x in the fore body. 

(196.) And lastly, lor the values of z w in the after 
body, there will be 

1. 164. 16 2. .121.42 3 .77.42 

7.. 0.12 4.. 4S.83 5. .22.55 

164728=52 6 V 315 99797 

173.40 2 

t 199".94 = 2 s 

693.60 = 4 S 


(198.) Finally, to compute the value of the function Nimd Aiw 

P f th ? (lis P lQCemcnt has been found chitectura. 

to be 104926.2, and * the natural sine of 9° = 0.15643. v— 

Of the remaining element a it may he remarked that it f'omputa- 
is made up of two parts, one of which is the liei«-ht of tio “ wf 1,10 
the centre of gravity of the vessel above the loud water J‘ nction 
line, and the other is the distance of the centre of gravity “ *' 
of the displacement below the same line. The first of 
these quantities, by a comparison with another ship of 
the same kind, is found to be 0.93 feet, and the \uW of 
the latter we have calculated to be 7.56 feet, lleuco 
« = 0.93 -f 7.56 = 8.49 feet, and Da* = 393151.5104, 
and the generul expression 


Dx G V=/ZWdjr+/ t wd x- Da *= 107628.2963, Whole v a : 

which is the numerical measure of the stability at an in- 
clination of 9°. U 1 

(199.) By some, the preceding compulations maybe 
regarded as tedious, and they inuy prefer Botiguer*s for- 
2 

inula - fy 9 dx before alluded to, on account of its 
3 


greater brevity; but let it be remembered, that no la- 
bour can be considered as too great, in order to secure 
to a ship of tiie humblest class the requisite stability. 

The history of ship-building unfortunately presents too 
many instances of ships having been constructed with 
insufficient stability.* M. Homme, for example, in his Frequent 
Art dti la Marine , has adduced the remarkable instance instances of 
of the French ship Le Stipioji of 74 guns. As soon us c “ n “ 
this ship floated in deep water, it wus immediately up- ^[thhlsufi 
parent that she wanted stability, and to ascertain it, the Wa- 
gons were run out on one side, and run in at the other, bility. 

The \essel in consequence heeled 13 inches ; and by 
adding the weight of the men to the same side, she was 
afterwards brought down 24 inches. A difference of 
opinion, it appears, existed among the Naval engineers 
as to the cause of this want of stability ; and that the 
error was not accidental, but arose from some faulty 
principle of construction, may be inferred from the cir- 
cumstance that the same defect existed in two other ships 
of war, V Her cule and Le Platon . The chief engineer 
asserted that the requisite stability might be imparted to 
Le Scipion by altering the quality uud disposition of 
her ballast. The original amount of ballast had been 
S4 tons of iron and 100 tons of stone; and by the new 
arrangement these were to be augmented to 198 tons of 
iron and 122 tons of stone. But as a ship of war does 
not udmit of any alteration in the amount of her dis- 
placement to compensate for tile additional weight of 
ballast, on account of the necessity which exists of 
keeping her ports at u proper height abo\e the wuter, 
the stock of water with which the ship had been 
previously supplied, was diminished by 136 tons, 'he 
excess of weight of the new ballast over the oid. 

This arrangement must have hud the effect of lower- 
ing the centre of gravity of the vessel, and thereby 
of increasing its stability ; but on trial it was found not 


2 

and since ~ = 0.61, there will lastly arise * 

(X + 4S + 2 *)-£- = (164.28 + 693.60 -f 199.94) 

X 0.61 = 645.2702 

^l'ue'of al f° r t ' le va ' ue S x to d x in the after body. 

this ftsno (197.) Hence the value of J* zwdx for the whole 

ticn. emerged volume will be 124435.81 77. 


* Chapman remarks, that in the year 1628, when the W'asa of 
80 guns, half carfauert, or 24-pounders, sailed from Skcppsholmen 
to Stockholm, with only the three topsails, in a light Smith-West 
wind, intended for an expedition to the Baltic, this ship did nut 
proceed further than Blockhusiidden, or about fifteen or sixteen 
cables' length from Skeppsholmcn, when it upset, and sank ten 
fathoms, so that all below the main cross trees was under water. 

The Stora Crona, Swedish ship of 126 guns, upset in 1076 m 
tacking. The cause ussigned was, that this operation wus not per- 
formed with the Cure which the crankness of the ship required. 
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Naval Ar- b c sufficient, the decrease in heeling, measured on the 
c itec ura. vcssc p s s id c , f amounting only to four iuches. Other 
ineffectual attempts were made, but the requisite sta- 
bility wus not obtained, until a sheathing was upplied to 
the exterior sides of the vessel from four inches to one 
foot in thickness, throughout the whole extent of the 
water line, and extending 10 feet beneath it. 

Proof of (’200.) This memorable example affords, therefore, a 
error of for- convincing proof that the formula sometimes employed 
mula with t() represent the stability, uiul limited to evanescent 
angles of inclination, cannot be relied on in any way. 
There can be no doubt that before a timber was laid, 
the stability had been in some way or other computed, 
yet no one suspected a defect in this important element 
until the vessel was actually floating in deepwater; and 
as a proof that the real cause of the error was not known, 
recourse was had to a change of ballast; nor was it 
until other remedies had been unsuccessfully applied, 
that " the remedy, ” to adopt the remarkable words of 
Atwood, “ was stumbled upon by accident, rather than 
adopted from any knowledge of the principles by which 
the application of it might have been directed.” It was 
reserved for Atwood to show that “ ail error in the form 
of the sides of the vessel was the principal cause of the 
defective stability,”* and affords another example of the 
slow steps by which sound and substantial knowledge 
advances. 

(201.) The change which takes place in the vertical 
pressure of the water in which the ship is immersed, 
when there is any relative motion existing between the 
ship and the water, must have an effect on the amount 
of the stability, on account of that vertical pressure 
affording a measure for the stability, when it is multi- 
plied into the. distance at which it acts from the longi- 
tudinal axis passing through the centre of gravity. So 
the altered circumstances of displacement which take 
place by a ship passing from salt to fresh water, altering 
in some degree the position of the centre of gravity of 
the immcised volume, must, in like manner, influence 
the stability. 

Positions of (202.) The point M, fig. 5, is called the mctacentrc, 
the mota- and is very often referred to in discussions on ship- 
building. In the British Navy the height of the meta- 
centre above the surface of the water, using in the cal- 
culation the main breadths, is generally less than 6 
feet, and is least in the largest ships. In 18-gun- 
brigs it is 5.5 feet, and such vessels are by no means 
deficient in stability. In frigates of 36 guns it is 
nearly 6 feet. In the Leopard, a fourth-rate, it is 4.2 
feet. In third-rales it is from 4 to 5.5 feet nearly. In 
the Howe, a first-rate of 120 guns, it is 3.7 feet. 
Bouguor, in his Trail'e du Navirc , remarks, that the 
metacentre was above the centre of gravity, in the fri- 
gate La (larellc, 4 or 5 feet; in ships of GO guns from 
6 to 7 feet ; in ships of 80 or 90 guns, from 4 to 5 feet ; 
and in ships of 110 or 120 guns, sometimes as little as 
2 feet. 


K fleet of’ 
motion on 
the sta- 
bility. 


centre in 
different 
ships. 


• As an evidence that the defect of stability in Le Scipum did 
not arise from a want of breadth in the principal section of the 
vessel, M. Romm© asserts, that other ships of the same tbice, 
Le Aluqni/iyuej Le Sceptre », 1* Minotaur , VIntrepule , had breadths 
the same or rather less than A* Snpton, und yet carried their sail 
perfectly well. The constructor doubtless thought to please his eye 
by altering in some way the external figure of the vessel, auil, to 
satisfy a whim, sacrificed her security. 


Navul Ar- 

()n the Centre of Gravity . chitreture, 

(203.) A knowledge of the position of the centre of Centre of 
gravity of a ship is necessary in order to assist us ill 0 

establishing a true measure for the stability, and like- p 
wise for enabling us to trace all the interesting pheno- 
mena connected with the pitching und rolling of a ves- 
sel. A rude approximation to the position of this point, 
will by no means satisfy the present wants of Naval 
Architecture; and we are glud to perceive an increased 
anxiety on the part of our ship-builders, to arrive at 
moic exact information respecting its very important 
properties. 

(2U4.) There are many difficulties in the way of Difficulties 
determining the centre ot gravity of the hull alone, be- > n thl * " a y 
lore any preparations are made for fitting it for sea, and ^ . 
for storing it with all the terrible apparatus of war. A "entre^of 
knowledge of its true position under conditions like gravity, 
these leads to many interesting results ; hut the question 
rises immeasurably in importance when the vessel puts oil 
all the pride and circumstance of war, — with her masts aiul 
yards and rigging, her guns and vast variety of stores, — 
and the bodies too of her crew, destined gallantly to de- 
fend her. If we direct our attention for a moment to the 
hull, we shall find, that though the powers of (Seornetry 
may enable us to fix with very great accuracy the position 
of this point, that no general conclusion could he deduced 
from the same, on account of the great diversity of 
form which even ships of the same class present. This 
would have an influence, were the hull alone to he con- 
sidered ; but the many altered circumstances which even 
the smallest change in the external figure produces in 
the masts and their accompaniments, and all the import- 
ant considerations connected with stores and stowage, 
proves the utter impossibility of laying down any thing 
like a precise and definite rule respecting the position 
of this point. 

(205.) Wherever the point under consideration is, Thice coor- 
however, situated, three rectangular coordinate planes 
may he supposed to pass through it, and to one only ot Ina ^ 

these three can we assign a fixed and certain position, through it. 
Every vessel, whatever may be her figure, and how- 
ever whim and caprice* may influence the design, is ne- 
cessarily, both as regards figure and stowage, divided 
into two parts by a vertical longitudinal plane passing 
through the middle of the keel. This partial sym- 
metry of form fixes, therefore, the centre of gravity of a 
vessel with regard to its breadth. 

(206.) Another consideration which will enable us to Position of 
fix the position of this point with regard to the lenu'th ol 
the vessel, may be gathered from the hydiostatical principle, Jo tho ^ U 
that the centre of gravity of the whole body ami of the length, 
displaced volume must he in the same vertical line ; ami 
that as every vessel, when equipped, possesses a given 
displacement, it follows that the centre of gravity of this 
volume determines the centre of gravity of the whole 
ship, with regard to the length. Independently of this, 
however, it would be impossible to fix, d priori , i trans- 
verse plane, having the moleculsc on each side of it 
precisely similar and equal. 

(207.) With regard to the depth of the vessel, a With re- 
vague and uncertain conjecture has sometimes fixed it{j ar j to .. 


* The history of ship-building proves that it is not uncharitable 
to say, that whim and caprico do sometimes govern the designs of 
ships. 
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Naval Ar- in the load water section ; but this, which at most can 
chitecture. only be true of a few ships, is much too uncertain to 
allow us to repose on it with any thing like confidence. 
Various experimental methods have been proposed to 
ascertain this, but there is no method like that which 
the theory of moments presents us with, by assuming a 
convenient horizontal plane, and dividing the integral of 
all the molecule constituting the vessel, by the weight ot 
Theory of the vessel itself. Such of our readers us are conversant 
moments, with the Theory of Mechanics, — and every ship-builder 
ought, — will remember, that if any number of particles 
p f p\ p'\ &t\, be situated on one side of a plane given in 
position, at the distances sc. a ,/; , &c. ; and any num- 
ber of particles ir, ir\ it ', &c., on the other, at the 
distances X, V, V', &t\. then will the distance of the 
common centre of giavity of all the particles from the 
assumed plane be represented by the general formula 

p a p' . 1 '+//' • r# ' d- ^ X * > 

p+p' + l*' +ir4-ir'*t-7r''-h<!fcc'. 


ITow the 
i) othml of 
liniments 
may he ap- 
plied to it. 


Moments 


the point being found on one side or other of the 
assumed plane, according as p jc -f- [>' JC* -\-p" x" -f- &c. 
is greater or tess th in it X -j- x \ f -f~ it" X" -j- &c. 

(208.) We regret that our limits will not permit us 
to exhibit the whole process of this calculation, and that 
we must tontine ourselves to a general description of 
results. It is usual in a case of this sort to assume the 
water’s surlace as the given plane, and to throw all the 
weights, whether fixed or movable, into two classes, 
one of which shall have e.very individual centre of 
giavity above the plane of flotation, and the other bvlou\ 
lu this way we shall obtain the weights of such pails 


■ s»va plums 0 f tl K > lower masts as me ubove the plane of lloiahon, 

” J ‘ u ‘ ltlon ' i| le (op masts, the top gallant masts, and necessary ap- 
pendages, together witli the yards and bowsprits, and 
likewise the distances of the centres of gravity of the in- 
dividual masses above the plane of flotation. The former 
results would be so many values of p, and the latter 
of j:. These values multiplied together will give the 
amount of the moment p x. in like manner must the 
weight of all the standing and running rigging be ob- 
tained, together with the distances of their res|XiCtive 
centres of gravity from the plane before alluded to. 
These results will give values for // and x\ anil hence 
the amount of the moment p f x f . So also the same 
elements must be obtained for the cables, hawsers, &c., 
particular attention being paid to the place of their stow- 
age. The sails also when furled on their respective 
yards, and the spare sails as they are stowed in the sail- 
bins. The guns also, forming so very important a part 
of the computation, must have their entire weights esti- 
mated, with all their appendages, and also with the 
greatest care have the distances ot their centres of gra- 
vity calculated from the assumed plane, after making 
every proper allowance for the curvature of the decks. 
In like manner the moments of the anchors, taken iu 
their proper places of stowage, the boats, the furniture of 
all kinds, the men’s bedding, as slowed in the nettings, 
together with the entire moment of the men estimated at 
their quarters : all these, together with any other mo- 
ment which our limited space prevents us from enume- 
rating, when collected together, will give the sum of 
the moments above the water’s surface. 

Moments (209.) In like manner, proceeding for the moments 
plane below the water’s surface, a very important object is 
i/f notation, presented by the hull, separated as it is by the plane of 


flotation, into portions above and below the water’s sur- Narul Ar. 
face. To find this with precision, however, evevy bend chitfdm®. 
of timber must be taken in succession, and, however 
tedious be the process, the keel, the planking, the riders, 
the beams, the decks, the knees, whether of iron or wood’ 
the shelf pieces, water wuys, and all the numerous parts 
constituting the hull, — each individual weight, with the 
corresponding distances of their centres of giavity from 
the plane of flotation, must be found to obtain the abso- 
lute moment of the hull. The water, whether contained 
in tanks or casks, must be computed with the same mi- 
nute attention to accuracy ; aud so also must the wood 
and coals, as stowed in bulk. The specific gravity of 
each separate kind of provision must he found, and 
which, by knowing the bulk of the same, and the po- 
sition ot the centre of gravity, will furnish the moment 
desired. In the same manner, the wine and spirits as 
stowed in the spirit rooms, the beer, the purser’s slops, 
and the men’s chests must have (heir respective moments 
found. The shot also, the powder in the ntugiiziucs, the 
boatswain's, gunner’s, and carpenter's stores, as depo- 
sited in their respective store rooms, each and all of these 
must have their moments determined. 

(210.) To obtain the moment of the ballast, its ab- 
solute weight must first he found. This may he com- 
puted by subtracting the absolute weight of all the 
preceding articles from the total displacement. To 
discover its centre of gravity, a plun of the intended 
stowage must he carefully prepared, and the position of 
this point thence carefully deduced. Its distance below 
the plane of dotation, multiplied into the weight of the 
ballast itself, will give the required momentum. 

(211.) These diHcreiit numerical results, applied in 
their proper order to the formula before given, will fur- 
nish the distance of the centre of giavity of the vessel 
from the plane of Dotation ; and which will either be above 
or below, according as the tmieion p r + j/t ' -|- j/V # + 

&c. is greater or lesser than 7t\ -1- r/X 1 + &c. 

(212 ) The heights ot the centres of gravity of two Results of 
ships of the line, determined by this method, were as 
follows: Bulwark of 7(i guns, , 7 () tlis of a loot above the l'* s * 
load water section; Ajax of 71 guns, -, ri 0 ilis of a foot 
above the load water section. We ought to know with 
certainty and precision the position of the centre of gra- 
vity of every ship. No amount of labour can be too 
great tor determining this important element. 

(21tf.) It is necessary, however, to be able to ar- con 
rive at a knowledge of (he same by means more 
ready ami piacticnl than that hero alluded to. I be adopted, 
stead of estimating* the separate parts, and computing 
the individual moments, it may be useful sometimes to 
take a vessel as a mass, and determine her centre of 
gravity in her entire stale. A method of Chapman's Kxperimen- 
was applied by Captuiu Iliiidmarsli and Mr. Morgttu to ) h ° J 
the Scylla of 18 guns, which we shall briefly describe. 

The ship floated iu harbour perfectly quiescent, having 
all her weights balanced equally on each side. A large 
graduated quadrant, having a plumb line attached to its 
centre, was fixed iu the inuiti hatchway. The situations 
of the different guns were marked on the deck. The 
guns were then moved iu (he same transverse lines to 
the other side. The shot and hammocks were also 
transposed to the inclined side, and the new, which in 
the first place were equally distributed, were likewise 
disposed (here. The distances which all the transferred 
weights hud been moved were then measured, the sepa- 
rate amount of those weights being previously known. 
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Naval Ar- Under these circumstances the inclination of the vessel 
chitectu re. wag carefully measured and found to be 6° 20'* 

(214.) Chapman devised a formula, by which the 
formula, cenlfe of S ravit y a under these circumstances 

might be obtained. Let each weight that has been 
transferred be multiplied by the distance it has been 
moved, and let the total amount of these momenta be 
divided by the total sum of the weights moved, and let 
N P, fig. 5, drawn at right angles to M F, be made 
equal to this quantity. Through N draw N Q parallel, 
and through P draw P Q perpendicular to a 6. Then, 
by putting W to represent the total transferred weights 
ill cubic feet of sea water, we shall obtain from the 
principles of Mechanics the equation 

W x N Q= DvGV, 

arising from the necessary equality existing between the 
momentum of (he weights when the ship is inclined 
through a given angle, and (he moment of the stability. 
Now by the formula for the stability 

DX GVss&I — D« s; 

and since 

W x NQ = W x NP x eosPNQ, 
we shall have 


WyNQxcosPNP = 6NDa St 

Hence 

LI— W XNPycosPNQ 

a “ Ds 


Applica- 
tion to tho 
Scylla. 


furnishing in given terms the distance between the 
centre of gravity of the vessel and of its displacement. 

(215.) In the practical case we have just adverted to, 
the transferred weighty multi pled into the distances they 
were respectively transferred, produced 264 . 5 j and 
hence the preceding formula becomes 

_ b I - 264.5 cos6°20' 

D sin 6 C 20' ; 

or by further substituting for the elements 6, I and D, 
we shall have 


a 


446.2-262.8 

50.85 


= 3.6. 


Now the centre of gravity of the displacement being 
3.97 feet below the load water line, the distance of (he 
centre of gravity of the whole ship below the same line 
will he 3.97-3.6 =s 0.37 feet. 

(216.) At the time this experiment was performed, 
the Scylla had not her full complement of stores on 
board, her draught of water forward being 1 1 feet 6 inches, 
and abaft 14 feet 10$ inches. After her additional 
stores were taken on board, amounting to 33.4 tons, 
her draught of water forward was increased to 12 feet 6 
inches', and abaft diminished to 14 feet 10 inches. The 
moment of these weights above the water line, esti- 
mated at the instant of sailing, was 193 tons, the height 
of the centre of gravity of the sails being taken as in a 
top-gallant breeze. The moment of the weights below 
this water line, at the time of the last experiment, was 
401 tons; and hence 


401 - 193 
494.4 


= 0.42 feet, 


giving 6 inches fbr the distance of the centre of gravity 
Mr. Bar- of the vesselbelow the water line at the time of sailing. 
Ws me- (217.) Mr. Barton, Naval Architect, has proposed to 
thod ‘ run the whole or part of the guns aft, and to observe the 


new draught of water, together with tfte place of the guns Naval Ar- 
tnoved. From these data and the draught of the ship he «h*t*»ture. 
proposes to determine this centre. Mr. Abethell, Assistant 
Master Shipwright at Sheemess, proposes to get rid of °“ 
the difficulty of moving the weights, by attending to method, 
certain data when a ship is docked with the under side 
of the keel deviating from parallelism with the upper sur- 
face of the blocks, which is almost always the case. We 
may suppose, he says, by the falling of the tide in the 
dock, the after extremity of the keel to come first in 
contact with the blocks. Then as the tide continues 
to lull, the after body will be gradually forsaken by 
the water, and the fore part further immersed ; a 
constant equilibrium being maintained between the 
total weight of the ship, and the pressure of the water 
aguinst the immersed part of the body, until the moment 
the ship is aground fore and aft. At any inter- 
mediate inslant, the ship may be considered as a lever 
of the second kind, of which the fulcrum is the trans- 
verse line or point of contact of the keel and after block, 
and the pow r er and weight, the weight of the immersed 
volume and of the ship respectively, each acting in the 
vertical line passing through its centre of gravity. As 
we can by a ready calculation tiom the draught of the 
ship, discover its weight, that of the immersed volume, 
and the perpendicular distance of the line of pressure 
from the fulcrum, the distance of the vertical line pass- 
ing through the centre of gravity of the ship is the only 
unknown quantity in the equation of moments to be 
determined. 

(218.) Supposing AN, fig. 9, to represent the natural 
water line of the ship, and K L the water line just at the 
moment when the fore part of the keel touches the 
blocks ; draw Q H through the centre of gravity of the 
volume RFML perpendicular to K L, and F G pa- 
rallel to Q H. Then supposing the whole displacement 
under its ordinary circumstances to he D, and that cor- 
responding to KFML to be d, and G H = 6; if the 
line S E O be drawn parallel to Q II, at u distance G E 

from G equal to it will as well as PBO pass 

through O, the centre of gravity of the ship. 

(219.) Mr. Major has given an ingenious method Mr. Major’s 
for finding the centre of gravity of a ship. Let the “rihoU. 
vessel he heeled to the same constant angle, by two 
separate horizontal lines, applied at different heights in 
the plane of the masts. Jt will then be evident that the 
momenta of the forces resulting from the separate appli- 
cations of the inclining forces must be equal, since the 
same constant force of stability represents them both. 

Let P and p represent these forces, and a y b the re- 
spective distances at which they act from the centre of 
gravity of displacement. Let A also be the angle of 
inclination of the ship from the perpendicular, and x the 
distance of the centre of gravity of the vessel from the 
centre of gravity of displacement, 'f hen we shall obtain 
the following equation for the forces employed : 


and 


P (a — x) cos A =2 p (b — x) cos A , 


x 


P a — pb 


determining in known terms the elevation of the centre 
of gravity of the whole vessel above the centre of gra- 
vity of the displacement. 
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On Mast*. 


(220.) Theory has done little towards informing us respecting the lengths and dimensions of masts ; expe- vHT 
fence, the great nurse of the useful Arts, must here be our guide. The following Table is derived from Eilyc's 


Naval Ar- 
chitecture* 


rience, the great nu 
Naval Calculations , 


Dimensions 
of masts 
and yards. 


Dimensions. 


Names of Masts, Yards, ftc. 


fFore mast 36 

Lower mastsx Main mast 39 

I Mizen mast 27 


Razee 50 (iunz, 


Bowsprit* 


Fore 


! Main 


Top most 20 

Top-gallant mast 10 

Lower yard 30 

Top-sail yard 21 

.Top-gallant yard 14 

Topmast 22 

Top-gallant mast II 

Lower yard 34 

Top-sail yard 24 

Top-gallant yard 16 


In. In. Ydu. In. 

2S 36$ 36 0 

32 40 39 22 
8 24 J 27 8 

1 36 J 23 35 

34 205 20 26 

12 10J 10 0 

13 21* 29 33 

19 13j 21 20 

8 8* 12 34 

34 20f; 23 0 
17 IK; 11 IS 
28 24 1 34 15 

20 15| : 24 27 

9 lO^i 15 12 


Din- 

meter. 

Length. 

Dia- 

meter. 

In. 

Ydn. 

In. 

In, 

36 

32 

30 

314 

391 

36 

0 

36 

241 

24 

23 

214 

36 

22 

0 

344 

201 

19 

8 

19J 

10 

9 

22 

9* 

214 

28 

4 

19;! 

13* 

: 20 

18 

1211 


201; 21 22 
1 1 jj' 11 0 


8$ 13 12 

19$ 21 22 
II 11 0 


Mizen 


Top-gallant mast. ..... . 8 8 8£-j 8 8 


Top-gallant yard , 


3 c£ 11 12 


Jib boom 


Ydz. In. 

fFore mast 27 18 

Lower masts.< Main mast 30 0 

(Mizen mast 21 25 

Bowsprit 18 6 


Top mast , 

Top-gallant mast 
Mizen. .... Cross jack yard 
Top-sail yard • . 
Top- gallant yard 


46 Guns. 

Razee Corvette, i 
96 Ounn. | 

Length. 

Din- 

meter. 

Length. 

Dia- 

meter. 

Yd*. 

In. 

In. 

Yds. 

In. 

In. 

27 

18 

25 

26 

34 

25g 

30 

0 

28 

29 

12 

28 

21 

25 

19 

20 

25 

194 

18 

6 

264 

18 

4 

264 

15 

34 

I 64 

15 

10 

164 

7 

29 

71 

7 

33 

r i 

23 

29 

164 

23 

19 

i«l 

17 

28 

ll| 

17 

20 

11 

10 

35 

61 

10 

24 

6J 

18 

0 

i«4 

19 

0 

16J 

9 

0 

9 

9 

0 

9 

27 

9 

181 

26 

34 

182 

18 

24 

124 

19 

24 

12j 

12 

18 

7| 

12 

18 

’4 

13 

24 

Hi 

13 

18 

n* 

•6 

30 

64 

124 

6 

27 

61 

19 

24 

19 

24 

61 

, 13 

20 

8* 

13 

12 

8 

, 9 

12 

54 

9 

12 

H 

18 

21 

HI 

19 

12 

134 

13 

0 

9| 

13 

22 

9* 

13 

5 

111 

13 

1 

11* 

17 

28 

114 

17 

20 

11 


24]' 

32 

8 

22 3 ! 32 

9 

16 

23 

18 

14% 23 

18 

9J 

15 

10 

94 15 

10 

14 

15 

32 

13 15 

3*2 

84 

8 

0 

8 8 

0 

16 

23 

18 

14* 23 

18 

10 J 

15 

13 

9J 15 

13 

7 

10 

21 

64 10 

21 

13J 

22 

27 

124 22 

27 

12 

16 

35 

11* 16 

35 

144 

16 

0 

14* 16 

0 

134 

20 

18 

124,20 

18 


In. YiH. In’. In. I 

33 J 30 6 31 
36 33 6 34 £ 

•21 24 0 1 22 J 

34* 21 IB 31 i 

19J 19 8: 19J 

9* 9 22| 9i! 

10§ 28 4 19* 
12| 20 IS 12j 
84 13 12 S.J 

194 21 22 191 
11 11 O 11 

22* 32 28 22* 
14’ 23 IB 14* 
9.1 15 10 9| 


n\ 13 0 * 

64 10 21 6ji 




Length. 

Dia- 

meter. 

’ds. In. 

In. 

21 18 

19 

23 24 

204 

18 0 

16* 

14 31 

21* 

12 26 

124 

6 13 

6* 

18 12 

12* 

13 24 

84 

8 12 

H 

14 14 

12| 

7 7 

74 

21 0 

14* 

15 18 

94 

9 16 

6 

10 29 

9 

5 16 

54 

15 18 

94 

10 12 

H 

7 4 

44 

14 23 

84 

10 30 

74 

11 0 

8* 

13 24 

84 


| 10 Gun-brig. 

Length. | 

I) la- 
meter. 

Yd**. In. 

In. 

15 18 

16 

18 b 

174 

12 0 

17 

10 12 

10 

6 18 

6 

16 0 

11 

12 IS 

3 

8 24 

6 

10 12 

10 

6 18 

6 

r 16 11 

11 

[ 12 18 

8 

8 24 

6 

16 32 

11 

10 4 

H 

9 0 

9 

12 19 

8 
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Naval Ax* (221.) The positions of ships’ masts with regard to 
c i^ec ^| le 0 p a exercises an important influence on 

Positions of ^ er P ro P ert > es * The shifting of a mast often occasions 
ships’ important improvements in the sailing of a vessel. The 
masts with next Table contains the positions of the masts in frac- 
lygard to tions of the fihip’s length, on the load water line, and are 
the eugth. with experience has furnished us. 


Rata of the Ship. Fore Mast, 

120 guns 

SO guns 

74 e un9 

Razee 50-gun shin . < 

52-gun frigate 

46-guu frigate 


Main Mast. Mizen Mast. 


Razee 

26 


ee Corvette ofl 
3 guns J 42 


28-gun-ship. 


] 8-gun corvette .... — 


18-gun -brig. 


10-gun-brig. 


Schooner. 


1 

20 

20 

8 

36 

24 

5 

20 

20 

44 

36 

24 

5 

W 43 

20 20 
35 <0 36 

20 20 
23 t0 24 

5 

43 

20 

36 

20 

24 

5 

20 

20 

40 

39 

24 

5 

20 

20 

38 

35 

23 

5 

20 

20 

42 

35 

24 

5 

20 

20 

39 

35 

23 

5 

20 

20 

43 

36 

23 

1 

2 


6 

3 


5 

20 


29 

31 


1 

20 


5 

31 



10 


Cutter J Mttst 25 ° f th * ,ength of the 

[ vessel on the load water line. 

(222.) Sir Robert Seppings has invented a mast, at 
once distinguished for the beauty of the principle em- 
ployed in its construction, and for its very great economy. 
According to this ingenious plan, the largest piece of 
timber required for a first-rate mast, is 40 feet long, and 
10 inches square ; whereas on the old plan, timber 22£ 
inches diameter and 84 feet in length was required. 
The mean expense stated by the officers of Deptford, 
Chatham, Portsmouth, and Plymouth Yards, for making 
a mast of a 74-gun ship, wholly of Riga timber, upon the 
old plan was .£1246, and upon the new principle, of 
the same material, £306. In the instance of a 46-gun 
frigate, the cost upon the old plan is £631, and on the 
new £175. The whole saving in the main aud fore- 
masts of 80 Bail of the line would amount to nearly 
£ 100 , 000 . 

Exceeds old (223,) It is also worthy of attentive consideration, 
masts in that masts constructed upon the new principle, exceed 

durability. j n durability those of the old. The large timber re- 
quired in the former plan, rendered it necessary to 


Seppings’ 

improved 

mast. 


Its eco- 
nomy. 


employ the yellow North American pine, in conjunction Naval An 
with the Baltic pine ; a practice attended with the most chitectm** 
disastrous consequences, since the mixing together of 
materials having different degrees of durability, limits 
the effective services of a mast to the least durable part 
of the materials of which it is composed. In the system 
of Seppings, one sort of wood only is employed, and there- 
fore any decay arising from the improper admixture of 
materials is entirely removed. 

(224.) The beautiful simplicity manifest in this mast Readiness 
renders also its repair or examination a matter of the with which 
greatest ease. In the event of any of the principal lt ca . n 
parts of a mast constructed on the old plan requiring re F airc * 
to be replaced, full one-eighth of the mast was re- 
moved ; but cm the new system, independently of the 
facility with which the mast can be separated, not more 
than one-thirty-sixth part requires to be displaced. 

Another advantage resulting from the plan is, tlie Such masts 
being able to have either end uppermost. If a mast be in- 
wounded by shot or otherwise injured, and the damaged 
part can be housed below, the mast will frequently an- 
swer all the purposes required, by inverting it. Such an 
operation can be performed without removing any 
article essential to the construction of the mast. The 
facility, also, with which a mast may be fished or 
strengthened with iron instead of wood, deserves in the 
present instance an attentive consideration. 

(225.) In the case of its being necessary to send u Mast can 
mast abroad, a vessel that can stow a piece of timber be se,4t . 
from 40 to 50 feet long, is equal to the conveying of a * ,l,r ‘ >ad “ l 
first- rate’s mast in parts. The Blanche frigate of 46 j,Uccs. 
guns, conveyed a fore mast for the Spartiateof 76 guns, 
in fragments, stowed upon her lower deck, which, on its 
arrival in South America, was with the greatest ease and 
convenience put together. In the old system, this ser- 
vice would require a ship equal to the receiving of a 
mast 140 feet long, and of proportionate dimensions; it 
being impracticable from the form and dimensions of 
the component parts, to be forwarded in pieces with- 
out the certainty of injury. 

(226.) Fig. 1. plate ii. gives a side view of a first- Description 
rate's main mast, the second figure being a view on the of a mast 'of 
foreside of the mast. Fig 3 is a section of the mast a first “ rute * 
taken between A and B, fig. I, and showing the equal 
and parallel arrangement of the parts composing the 
mast. The section denoted by fig. 4, exhibits the 
directions in which the treenails are driven, and fig. 5 
denotes a similar thing respecting the ends. Fig. 6 
shows the manner of disposing the treenails longitu- 
dinally. Fig. 7 is a section showing the method of 
fitting the bibbs. Fig. 8 is a sketch of the screw hoop. 

There being a tendency for the outer lips of the hoops 
to close before the inner, a piece of wood of a compres* 

«ible nature must be placed between the lips at the outer 
part, in order to prevent it, as seen at W, fig. 8. 

(227.) In putting the mast together, the butts are to Mode of 
be coaked with coaks 3 inches diameter and 6 inches rutting it 
long, as shown in fig. 2 ; and the four centre pieces to t5 ether » 
forming the core or spiudle of the mast, arc to be tree* 
nailed together diagonally, as ed, figs. 4 and 6, by l£ 
inch treenails, placed 2 feet apart. Each pair of outer 
trees is to be fastened together, as shown at i h in fig. 4, 
with 1 J-inch treenails, driven about 2 feet apart. The 
whole of the mast is then to be connected together, as 
at a 6 and c, figs. 4 and 6, by through treenails 1 $ 
inch diameter, which are also to be placed at about 2 
feet opart, care being taken that none of these treenailp 
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Naval Ap- come nearer to the outer butts than about 12 inches ; 
chitecture. and where they cross the treenails before driven, there 
must be a distance between them of about 6 inches. 
At the head and heel of the mast, fig 5, where the outer 
trees are tapered, J inch bolts are to be used instead of 
the treenails marked ih . The holes for the treenails 
are to be payed with mineral tar, as in those bored in 
the ship's side. 

Necessary (228.) Many precautions are necessary in putting the 
u rec.ui- mast together. Great care is to be taken to bring the butts 

liens, into dog,, contact with eacli other ; and moreover to place 
the outside butts in the same section, opposite each 
other, so as to be exactly under the middle of the hoops. 
The e kings, or arris pieces, are also to be butted under 
a hoop, and the butts are to be so spaced, as to give a 
good scarf to the outer butts of the mast. A chamfer 
is to be taken off the inner angle of the ekings, as 
shown in lig. 4 ; and the ekings themselves are to be 
screwed to the mast with screws, in addition to the 
hoops, if required. Nails arc not to be used. 


On the Saits of Ships, and on the Centre of Effort of Naval Ar» 
the Wind on Sails. chitecture. 

(229.) The determination of exact and proper forms S ; l * Is ° r 
for sails is a problem of great importance in Navul Ar- 
chitecture. However admirable may be the properties 
of the hull, unless a proper regard l> e paid to the di- 
mensions of the masts, and the disposition and quantity 
of the canvass with which they are covered, the vessel 
may be found not to possess any of the properties her 
projector fondly anticipated. 

(230.) It is the impulse of the wind on the sails, KHl-cUuf 
which gives to a ship that headway which enables her ilia 

to accomplish her destined voyage. This impulse evi- suils * 
dently depends on the dimensions of the sails, so that a 
greater amount of canvass ought to produce an increased 
velocity in the ship. Hence sails are made as large as 
the other properties of the vessel will permit, but there 
are limits in every vessel, beyond which it would be 
dangerous to pass. In the following Table are re- 
corded those dimensions of sails which the large expe- 
rience of our seamen and Dock-yards seems to have 
sanctioned. 


The Dimensions of the Principal Sails. 


Dimensions 
oft he prin- 
cipal fc'llls. 


Sails. 

| First Rate. 

I 80- 

__ 7# - 

Raiee 50. | 

Head. 

Foot. 

Depth. 

Head. 

Foot. 

Depth. 

Tleud. 

Foot. 

Depth* 

Head. 

Foot. 

Di'pth. 


Ft. In. 

Ft. In. 

Ft. In. 

Ft. In. 

Ft. In 

Ft. In. 

Ft. In. 

Ft. In. 

Ft. In. 

Ft. In. 

Ft In. 

Ft lu. 

Jih 

.... 

52 6 

SI 6 


51 0 

78 0 

.... 

50 0 

78 0 

.... 

50 0 

M2 0 

Fore course 

81 0 

78 fi 

40 0 

80 0 

77 0 

45 0 

75 0 

71 0 

42 0 

75 0 

71 0 

50 0 

Topsail 

51 6 

82 0 

53 C 

51 2 

82 0 

54 3 

50 3 

77 6 

50 6 

50 3 

77 6 

50 6 

Top-gallant sail • 

38 6 

54 9 

28 8 

34 8 

51 9 

27 0 

35 9 

51 3 

26 4 

35 9 

51 3 

26 4 

Stay-sail 

• • * • 


.... 

.... 

.... 

.... 

.... 

• • • • 

.... 

.... 

t • • t 

.... 

Main course 

03 10 

07 0 

45 6 

02 9 

06 7 

52 0 

86 0 

90 6 

48 9 

86 0 

90 6 

56 0 

Top-sail 

r,o 9 

06 0 

60 9 

60 9 

91 10 

60 6 

57 6 

87 6 

57 3 

57 6 

87 6 

57 3 

Top gallant sail 

43 8 

63 f. 

32 G 

10 1 

63 6 

32 6 

40 3 

59 0 

30 0 

10 3 

59 0 

30 0 

G .lift op-sail 

.... 

.... 

«... 

.... 

.... 

• • i • 

.... 

.... 


.... 

• • s • 

.... 


41 9 

63 6 

43 fi 

11 9 

63 6 

14 0 

38 6 

57 6 

ii 0 

38 6 

57 6 

11 0 

Top-gallant sail . 

32 0 

43 2 

22 0 

30 3 

43 2 

22 0 

27 6 

40 0 

22 0 

27 G 

40 0 

22 0 

Driver 

47 0 

G2 6 

32 G\ 

47 0 

G2 6 

36 Ol 

45 0 

60 0 

3*2 01 

45 0 

GO 0 

:«> <i|j 




C3 GJ 



63 6 j 



51 0/ 

i 


50 fi f 1 


62-Gun Frigate. 


40. 


| llatie Corvette. 26 (Inns. 

; 2i> Uun-frtilp. 


.... 

50 0 

74 0 



41 0 

62 0 

1 .... 

40 0 

64 0 

• * . • 

32 0 

52 0 

Fore course 

75 0 

71 0 

41 0 

64 0 

62 0 

39 0 

63 0 

62 0 

35 6 

19 0 

47 6 

31 0 


50 3 

77 6 

50 6 

4 9 6 

65 6 

42 6 

4*> 0 

C>5 0 

41 0 

32 6 

50 O 

33 6 

Top-gall. m t sail . 

35 9 

51 3 

26 -1 

28 0 

44 0 

20 6 

28 0 

44 0 

20 6 

22 0 

34 6 

17 f» 

Stay-sail 

.... 

.... 

.... 

■ • • • 

.... 

.... 

• • • t 

.... 

.... 

.... 

.... 

.... 

Main course 

80 0 

00 6 

45 0 

73 0 

7G 10 

41 0 

72 6 

76 0 

42 3 

55 8 

60 0 

31 0 

Top-sail 

57 6 

87 G 

57 3 

46 6 

74 6 

47 0 

46 6 

74 0 

45 6 

36 6 

56 9 

36 0 

Top-gallant sail 

40 3 

50 0 

30 0 

33 0 

40 0 

23 6 

33 0 

49 0 

23 6 

25 0 

39 0 

19 6 

Gaff top-sail 

.... 

.... 

.... 

m m m m 

• 0 O • 

.... 

• • • « 

• • • • 

.... 

.... 

.... 

• • • • 


38 6 

57 6 

41 0 

34 0 

49 0 

33 0 | 

34 0 

49 0 

33 0 

25 0 

38 0 

23 0 

Top-gallant sail 

27 6 

40 0 

22 0 

25 6 

36 0 

18 0 

25 0 

36 0 

18 0 

18 6 

27 0 

14 6 

Driver 

45 0 

GO 0 

32 Ol 

36 0 

51 0| 

31 0) 

35 0 

53 0 

28 0) 

30 0 

30 0 

25 01 




54 0/ 



[ 51 0/ 



49 Of 



41 6/ 


18 Gun Corvette. 

18 Gun- brig. , 

10 Gun-brig. j 

Schooner. | 

Jib 

• . • • 

34 6 

51 0 

• • It 

30 0 

45 0 

0 0 0 0 

27 0 

39 6 

• • • • 

23 0 

38 6 






. 





Gaff 

fore 

sail. 


49 0 

47 6 

31 0 

47 6 

46 0 

28 0 

42 '8 

40 9 

22 0 

24 0 

37 0 

39 0) 




t 









53 Of 


32 0 

50 0 

33 6 

33 0 

49 0 

31 0 

28 6 

43 6 

27 0 

24 0 

50 0 

26 0 

Top-gallant sail 

22 0 

34 6 

17 6 

23 G 

36 0 

24 0 

23 0 

30 6 

18 0 

20 0 

30 0 

10 0 

'Stay-sail 

• . • • 

• • • • 

• • • • 

.... 

*.... 

• . • • 

• • • 0 

• 0 00 

• • • . 

• . . • 

30 0 

37 0 

Main course 

55 8 

60 0* 

36 0 

48 0 

56 0 

36 6 

42 8 

50 0 

28 0 

• • • • 


.... 

Top-Bail 

36 6 

56 9 

36 0 

33 0 

49 6 

33 0 

28 fi 

43 6 

27 0 

. . • • 

.... 

.... 

Top -gallant sail 

25 0 

39 0 

19 6 

23 6 

36 0 

24 0 

23 0 

30 6 

18 0 

• • • • 

.... 

.... 

Gaff top-sail 

0 • M 


• 

• • • • . 

0 0 0 0 

• . . • 

• t • • 

• • • . 

.... 

7 0 

28 0 

35 01 
22 of 

Mizen top-sail. •• • 

25 0 

38 0 

23 0 

« • • • 

• • • • 

• § . . 

• ill 

.... 

.... 

• a . • 

.... 


Top-gallant sail • . 

18 6 

27 0 

14 6 

■ f • ■ 

« • • • 

• • • • 

• « • • 

.... 

.... 

.... 

.... 

.... 

Driver. ...7 

29 6 

39 0 

27 9) 

30 0 

49 0 

32 01 

28 0 

47 0 

23 0) 

25 6 

00 1) 

43 fit 




45 Of 



50 Of 



4) 0/1 

1 

1 

59 fi f 


3e 2 
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NAVAL ARCHITECTURE. 


chitectme" (221-) The positions of ships* masts with regard to 
** the length of a ship, exercises an important influence on 
Positions of ! lcr P ro P er ties. The shifting of a mast often occasions 
ships’ ‘ important improvements in the sailing of a vessel. The 
masts with next Table contains the positions of the masts in frac- 
J5 i' ons the ship’s length, on the load water line, and are 
« en fi 1# the best with which experience has furnished us. 


Bute of tho Ship* 
120 guns 

80 guns 

74 guns 

Razee 50-gun shin . . 

52-gun frigate 

46-gun frigate 

Razee Corvette of) 
26 guns j 

28-gun-ship 

18-gun corvette .... 

ft 

18-gnn-brig 

10-gun-brig 

Schooner 


Tore Mast. Main Mast. Mizen Mast. 


1 

20 

20 

8 

36 

24 

5 

20 

20 

44 

36 

24 

5 5 

39 l ° 43 

20 20 
35 l ° 36 

20 20 
23 tl T4 

6 

20 

20 

43 

36 

24 

5 

20 

20 

40 

39 

24 

5 

20 

20 

38 

35 

23 

5 

20 

20 

42 

35 

24 

5 

20 

20 

39 

35 

23 

5 

20 

20 

43 

36 

23 

1 

2 


8 

3 


5 

20 


29 

31 


1 

20 


5 

31 



Cutter 


(Mast 1! 
I vessel 


st of the length of the 
■easel on the load water line. 


(222.) Sir Robert Seppings has invented a mast, at 
once distinguished for the beauty of the principle em- 
ployed in its construction, and for its very great economy. 
According to this ingenious plan, the largest piece of 
timber required for a first-rate mast, is 40 feet long, and 
10 inches square ; whereas on the old plan, timber 22.J 
inches diameter and 84 feet in length was required. 
Its eco- The mean expense stated by the officers of Deptford, 
oomy. Chatham, Portsmouth, and Plymouth Yards, for making 
a mast of a74-guu ship, wholly of Riga timber, upon the 
old plan was £1246, and upon the new principle, of 
the same material, £306. In the instance of a 46-gun 
frigate, the cost upon the old plan is £631, and on the 
new £175. The whole saving in the main and fore- 
masts of 80 sail of the line would amount to nearly 
£ 100 , 000 . 

Exceeds old (228,) It is also worthy of attentive consideration, 
nants in that ma9ts constructed upon the new principle, exceed 
liability. j n durability those of the old. The large timber re- 
quired in the former plan, rendered it necessary to 


employ the yellow North American pine, in conjunction 
with the Baltic pine ; a practice attended with the most 
disastrous consequences, since the mixing together of 
materials having different degrees of durability, limits 
the effective services of a mast to the least durable part 
of the materials of which it is composed. In the system 
of Seppings, one sort of wood only is employed, and there- 
fore any decay arising from the improper admixture of 
materials is entirely removed. 

(221.) The beautiful simplicity manifest in this mast 
renders also its repair or examination a matter of the 
greatest ease. In the event of any of the principal 
parts of a mast constructed on the old plan requiring 
to be replaced, full one-eighth of the mast was re- 
moved ; but on the new system, independently of the 
facility with which the mast can he separated, not more 
than one-thirty-sixth part requires to he displaced. 
Another advantage resulting from the plan is, the 
being able to have either end uppermost. If a mast be 
wounded by Bhot or otherwise injured, and the damaged 
part can he housed below, the rnast will frequently an- 
swer all the purposes required, by inverting it. Such an 
operation can be performed without removing any 
article essential to tho construction of the mast. The 


Naval Ar- 
chitecture* 


Readiness 
with which 
it can be 
required. 


Such masts 
can be in- 
i erted. 


facility, also, with which a mast may be fished or 
strengthened with iron instead of wood, deserves in the 
present instance an attentive consideration. 

(225.) In the case of its being necessary to send a Mast can 
mast abroad, a vesstd that can stow a piece of timber be 8e,,t . 
from 40 to 50 feet long, is equal to the conveying of a 
first- rate’s mast in parts. The Blanche frigate of 46 
guns, conveyed a fore mast for the Spartiateof 76 guns, 
in fragments, stowed upon her lower deck, which, on its 
arrival in South America, was with the greatest ease and 
convenience put together. In the old system, this ser- 
vice would require a ship equal to tlie receiving of a 
mast 140 feet long, and of proportionate dimensions; it 
being impracticable from the form and dimensions of 
the. component parts, to be forwarded in pieces with- 
out the certainty of injury. 

(226.) Fig. 1. plate ii. gives a side view of a first- Description 
rate’s main mast, the second figure being a view on the c,f a mast of 
foreside of the mast. Fig 3 is a section of the mast a first “ ratc ' 
taken between A and B, fig. 1, and showing the equal 
and parallel arrangement of the parts composing the 
mast. The section denoted by fig. 4, exhibits the 
directions in which the treenails are driven, and fig. b 
denotes a similar thing respecting the ends. Fig. 6 
shows the manner of disposing the treenails longitu- 
dinally. Fig. 7 is a section showing the method of 
fitting the bibbs. Fig. 8 is u sketch of the screw hoop. 

There being a tendency for the outer lips of the hoops 
to close before the inner, a piece of wood of a compres- 
sible nature must be placed between the lips at the outer 
part, in order to prevent it, as seen at W, fig. 8. 

(227.) In putting the mast together,, the butts are to Mode of 
be coaked with coaks 3 inches diameter and 6 Jnchcs putting it 
Jong, as shown in fig. 2 ; and the four centre pieces to g Llt her, 
forming the core or spindle of the mast, are to be tree* 
nailed together diagonally, as ed, figs. 4 and 6, by l£ 
inch treenails, placed 2 ieet apart. Each pair of outer 
trees is to be fastened together, as shown at i h in fig. 4, 
with 1 J-iuch treenails, driven about 2 feet apart. The 
whole of the mast is then to be connected together, as 
at a b and c, figs. 4 and 6, by through treenails 1 J 
inch diameter, which are also to he placed at about 2 
feet apart, care being taken that none of these treenail? 
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Naval Ait come nearer to the outer butts than about 12 inches ; 
chitocturt anr i w herc they cross the treenails before driven, there 
must be a distance between them of about 6 inches. 
At the head and heel of the mast, fig 5, where the outer 
trees are tapered, J inch bolts are to be used instead of 
the treenails marked ih . The holes for the treenails 
are to be payed with mineral tar, as in those bored in 
the ship’s side. 

(228.) Many precautions are necessary in putting the 
mast together. Great care is to be taken to bring the butts 
into close contact with each other ; and moreover to place 
the outside butts in the same section, opposite each 
other, so as to be exactly under the middle of the hoops. 
The ekings, or arris pieces, are also to be butted under 
a hoop, and the butts are to be so spaced, as to give a 
good scarf to the outer butts of the mast. A chamfer 
is to be taken off the inner angle of the ekings, as 
shown in fig. 4 ; and the ekings themselves are to be 
screwed to the mast with screws, in addition to the 
hoops, if required. Nails are uot to be used. 


Necessary 

precau- 

tions. 


O/i the Sails of Ships, and on the Centre of Effort of Naval Ar- 
tke }Vind on Saits . chiteduro. 

(229.) The determination of exact and proper forms S . aiK of 
for sails is a problem of great importance in Naval Ar- 
chitccture. However admirable may be the properties 
of the hull, unless a proper regard be paid to the di- 
mensions of the masts, and the disposition and quantity 
of the canvass with which they are covered, the vessel 
may be found not to possess any of the propet ties her 
projector fondly anticipated. 

(230.) It is the impulse of the wind on the sails, KfferU of 
which gives to a ship that headway which enables her wmilmith* 
to accomplish her destined voyage. This impulse evi- ba,ls * 
dently depends on the dimensions of the sails, so that a 
greater amount of canvass ought to produce an increased 
velocity in the ship. Hence sails are made as large as 
the other properties of the vessel will permit, but there 
are limits in every vessel, beyond which it would be 
dangerous to pass. In the following Table are re- 
corded those dimensions of sails which the large expe- 
rience of our seamen and Dock-yavds seems to have 
sanctioned. 


The Dimensions of the Principal Sails. 


Dimensions 
of the piiu- 
tipul kails. 


Sails. 

| First Rate. 

8«>. 

_ w - 

IUaee &0. j 

Head. 

Foot. 

Depth. 

Head. 

Foot. 

Depth. 

Head. 

Foot. 

Depth* 

Head. 

Foot. 

Depth. 


Ft. 111. 

Ft. In. 

Ft. In. 

Ft. In. 

Ft. in 

Ft. In. 

Ft. In. 

Ft. In. 

Ft. In. 

Ft. In. 

Ft. In. 

F». In. 

Jib . 

e • • « 

52 6 

81 G 


51 0 

78 0 

.... 

60 0 

78 0 

.... 

50 0 

.82 0 


81 0 

78 fi 

40 0 

80 0 

77 0 

45 0 

75 0 

71 0 

42 9 

75 0 

71 0 

50 0 


51 6 

82 0 

53 G 

51 2 

82 0 

54 3 

50 3 

77 6 

50 6 

50 3 

77 6 

50 G 

Top-gallant sail 

38 6 

54 9 

28 8 

34 8 

54 9 

27 0 

35 9 

51 3 

2G 4 

35 9 

51 3 

26 4 

Stay-sail 

• SI* 

. • • . 

.... 

• • • • 

«... 

• • ■ ■ 

.... 

.... 

.... 

.... 

• . • , 

.... 

Main course 

33 10 

97 0 

45 0 

92 9 

96 7 

52 0 

86 0 

90 6 

48 9 

86 0 

90 6 

56 0 

Top-sail 

GO 9 

96 0 

60 9 

GO 9 

91 10 

60 G 

57 6 

87 6 

57 3 

07 6 

87 6 

57 3 

Top gallant sail 

43 8 

G3 6 

32 C 

-10 1 

63 6 

32 6 

40 3 

59 0 

30 0 

40 3 

59 0 

30 0 

Gaft’ top-sail 

• • • # 

.... 

.... 

.... 

.... 

.... 

• . • • 

.... 

.... 

.... 

.... 

.... 

Mizen top-sail. 

41 9 

G3 6 

43 6 

41 9 

63 6 

U 0 

38 6 

57 6 

41 0 

33 G 

57 6 

11 0 

Top-gallant sail 

32 G 

43 2 

22 0 

30 3 

43 2 

22 0 

27 6 

40 0 

22 0 

27 6 

40 0 

22 0 

Driver 

47 0 

G2 6 

32 61 

47 0 

62 G 

36 Ol 

45 0 

60 0 

32 01 

45 0 

GO 0 

:it> r,| 




63 6/ 



63 6 J 



54 0/ 

j 


58 6 f 


52- Hon Frigate. 

| 46. _ 

| Razee Corvette. 26 Gun*. 

| 2S Gun-ship. 

Jib 

«... 

50 0 

74 0 


141 Oi 62 0 

• • • • 

40 0 

64 0 

.... 

32 0 

52 0 

Fore course 

75 0 

71 0 

41 0 

64 0 

62 0 

39 0 

63 0 

62 0 

35 6 

49 0 

47 G 

31 0 


50 3 

77 6 

50 6 

42 6 

G5 6 

42 6 

42 0 

65 0 

41 0 

32 6 

50 0 

33 6 

Top-gallant sail .......... 

35 9 

51 3 

2G 4 

28 0 

44 0 

20 6 

28 0 

44 0 

20 6 

22 0 

34 6 

17 6 

Stay-sail. 

.... 

«... 

.... 

.... 

• • • • 

.... 

.... 

.... 

.... 

.... 

.... 

.... 

Main course 

86 0 

90 6 

45 0 

73 0 

76 10 

41 0 

72 6 

76 0 

42 3 

55 8 

60 0 

34 0 

Top-sail 

57 6 

87 G 

57 3 

4G G 

74 6 

47 0 

46 6 

74 0 

45 6 

36 6 

56 9 

36 0 

Top-gallant sail 

40 3 

59 0 

30 0 

33 0 

49 0 

23 6 

33 0 

49 0 

23 6 

25 0 

39 0 

19 6 

Gaft' top-sail 

• • • • 

• • • • 

.... 

.... 

. • * • 

e • • • 

■ . . • 

.... 

.... 

.... 

.... 

.... 

Mizen top-sail 

38 6 

57 G 

41 0 

34 0 

49 0 

33 0 

34 0 

49 0 

33 0 

25 0 

38 0 

23 0 

Top-gallant sail 

27 G 

40 0 

22 0 

25 6 

36 0 

18 0 

25 0 

30 0 

18 0 

IS 6 

27 0 

14 6 


45 0 

GO 0 

32 Ol 

36 0 

51 0 

31 01 

35 0 

53 0 

28 01 

30 0 

39 0 

25 0) 




54 0/ 



51 0/ 



49 0/ 



41 6/ 


18 Gun Corvette. 

U 

Uun-brig. 

10 Gun-brig. 

Schooner. | 

Jib 

.... 

34 6 

51 0 

.... 

30 0 

45 0 

• • • 1 

27 0 

39 6 


23 0 

38 G 











Gaff 

fore 

sail. 


49 0 

47 6 

31 0 

4 ; 6 

46 0 

28 0 

42 8 

40 9 

22 0 

24 0 

37 0 

39 01, 




i 









53 0/ 


32 6 

50 0 

33 6 

33 0 

49 0 

31 0 

28 6 

43 6 

27 0 

24 0 

50 0 

26 0 

Top-gallant sail 

22 0 

34 6 

17 6 

23 6 

36 0 

24 0 

23 0 

30 6 

18 0 

20 0 

30 0 

10 0 

‘Stay-sail 

• > • • 

■ • . • 

.... 

• • • • 

e 

ms 

• • • • 

• ••« 

.... 

• . « • 

30 0 

37 0 

Main course 

m 8 

60 0* 

36 0 

48 0 

56 6 

36 6 

4? 8 

50 0 

28 0 

.... 

.... 

.... 

Top-sail 

36 6 

56 9 

36 0 

33 0 

49 6 

33 0 

18 6 

43 6 

27 0 

• . • • 

.... 

.... 

Top -gallant sail 

25 0 

39 0 

19 6 

23 6 

if 0 

24 0 

23 0 

30 6 

18 0 

.... 

.... 

.... 

Gaff top-sail 

• • M 

• • • • 


.... 

# . a • 

• • • • 

.... 

• • • • 

.... 

7 0 

28 0 

3 .-> 01 
•J2 0/ 

Mize.n top-sail 

25 0 

38 0 

23 0 

* ' * *• 

• • • • 

• • • • 

.... 

• • • • 

• •• • 

• a • • 

. * • • 


Top-gallant sail 

1.8 6 

27 0 

14 6 

• f • • 

.... 

• •is 

.... 

.... 

.... 

• • • • 

• ■ • • 

.... 

Driver....: 

29 6 

39 0 

27 91 

30 0 

49 0 

32 Oi 

28 0 

47 0 

23 0» 

25 6 

50 0 

11 6 1 




45 Of 



50 0/ 



41 of; 


1 

59 G f 
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NAVAL ARCHITECTURE. 


Naval Ar- (231.) A knowledge of the exact position of the of the sails, and some of the elements, are entered in the Naval Ar- 
chitecture. centre of effort of all the sails of a ship of each class, is succeeding Table : chitectura. 

an element of very great importance, and with the area 

* effort. 


Karnes of the Sana. 


Jib 

Fore course • 

Top-sail . . . . • 

Top-gallant sail. 

Main course 

Top-sail 

Top-gallant sail 

Miron (op-sail 

Top-gallant sail 

Driver 

Total area of the sails . 


The centre of effort of the sails,! 

afore the centre of flotation • . • J 
Ditto above the load water line . • 

Load draught of water ^ AfT*^' 


Jib 

Fore conrse • 

Top-sail 

Top- gallant sail • . 

Muin 

Top-sail 

Top-gallant sail • 
Mi ten top-sail 

Top-gallant sail 
Driver 


Total area of the sails • 


The centre of effort, of tho sails, 1 
nfoie the centre of flotation . • . j 
Ditto, above the load water line . 

Load draught of water | * 


Jib 

Fore course 

Top-sail 

Top gallant sail . 

Main course 

Top-sail 

Top-gallant sail 

Misen top-sail 

Top-gallant sail 

Driver 

Total area of the sails • 


The centre of effort of the sails, \ 
afore the centre of flotation . . / 
Ditto, above the load waterline . 

load draught of water { AfT,^ .* 


ISO Guns. 

80 Guns. 

• 

74 Guns. 


| Centre of Effort 


| Centre of Effort. 


Centre of Effort. 

Area 

Above 

From the Centre 

Area 

Above 

From the Centre 

Area 

Above 

From the Centre 

Sails. 

the 

Load 

of Flotation. 

sails. 

the 

Load 

of Flotation. 

.Salle. 

the 

Load 

of Flotation. 


line. 

Afore. 

Abaft. 


line. 

Afore. 

Abaft 


line. 

Afore. 

Abaft. 

Feet. 

Ft. In. 

Ft. In. 

Ft. In. 

Feet. 

Ft. In. 

Ft. In. 

Ft. In. 

Feet. 

Ft. In. 

Ft. In. 

Ft. In. 

2132 

73 0 

135 0 

• IIS 

1989 

73 0 

131 0 

a • • • 

1950 

67 0 

118 0 

.... 

3210 

52 0 

76 6 

• ■ • • 

3537 

50 6 

73 0 

• • a a 

3120 

45 9 

67 2 

m m m m 

35 77 

98 0 

77 3 

a • m a 

3600 

98 0 

73 0 

a a • a 

3221 

91 6 

67 2 

.... 

1334 

141 0 

77 9 

.... 

1205 

141 0 

73 0 

e a a • 

1144 

131 0 

67 2 

.... 

4305 

53 6 

.... 

11 0 

4914 

50 6 

S M • 

12 0 

4300 

47 6 


12 0 

4740 

104 6 


11 G 

4704 

105 6 

• • • • 

13 0 

1140 

99 6 


12 4 

1761 

152 0 


12 6 

1682 

153 0 

• • • • 

14 0 

1469 

143 0 


12 8 

2300 

92 C 

ease 

70 6 

2314 

92 6 

• a a a 

G5 6 

1962 

84 6 


65 0 

83*5 

126 6 

e • • • 

71 6 

806 

126 6 

• • • s 

67 0 

737 

116 4 


65 9 

2457 

60 6 

.... 

102 3 

2825 

53 0 

• ■ a « 

95 0 

2243 

49 0 

.... 

94 (j 

20052 

.... 

.... 


27576 

...a 

s • 

— 

24286 

a ■ ■ ■ 

• 

.... 


Ft. 

In. 



Ft. 

In. 



Ft 

In. 



11 

U 



9 

i| 



9 

n 



87 

Vk 



83 

10J 



78 

H 

* 


24 

7 



21 

9 



20 

li 



26 

0 



25 

0 



23 

9 


Raz£e of A0 Guns. 

63 Gun Frigate. 

40 Gun Frigate. 

2100 

65 0 

120 0 

# • • • 

1850 

58 0 

117 0 

a e a • 

1280 

48 6 

103 0 


3654 

45 0 

67 2 

• tea 

2993 

39 9 

65 0 

• a . a 

2457 

37 6 

56 0 

.... 

3221 

93 0 

67 2 

• • • s 

3221 

85 0 

65 0 

• # t a 

2211 

76 4 

56 0 

.... 

1144 

132 6 

67 2 

1 « • • 

1144 

125 0 

65 0 

a a a a 

738 

108 9 

56 3 

.... 

4928 

47 0 


12 0 

3971 

40 0 


11 0 

3075 

37 6 

a a a • 

10 0 

4140 

102 0 


12 4 

4140 

90 0 

. • • • 

11 G 

2790 

81 8 

a a a a 

10 3 

1469 

145 0 
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(232.) In fig. 9, plate ii., we shall find the centre of 
gravity of the several sails, together with the centre of 
effort of the whole system[of sails, for two first-rates; the 
Britannia’s class denoted by the strong lines A, and the 
St. Vincent's class by the ticked lines B. The plates 
given by Edye on this subject deserve an attentive con- 
sideration. 4 

On the Resistance of Fluids . 

(233.) This subject, lying at the very root of Naval 
Architecture, is very defective, notwithstanding the 
efforts made by the most transcendent ’minds for its 
improvement. Wc may mention the names of Newton, 
Huygens, Euler, Daniel Bernoulli, D'AIemhert, Don 
Juan, Bouguer, Condorcet, Borda, Bossut, Chapman, 
and many others, to show that no ordinary interest must 
attach itself to a subject, which, independent of its many 
useful applications, has offered so many attractions of 
high scientific interest. 

(234 ) In a general way it may be said, that the 
properties of a ship may be classed under two general 
heads with regard to the fluid on which it floats ; viz, 
those independent of any change of situation, and those 
which are called into activity when the body is in motion. 
In the midst of the difficulties which attach themselves 
on all sides both to the theory and experimental elu- 
cidation of the subject, it is fortunate that the great ele- 
ments on which the safety as well as the general effi- 
ciency of a ship depend, are to be found among the 
former, and may be estimated with certainty and cor- 
rectness; while those which relate to the form most 
essential to velocity, and which though not’essential, are 
nevertheless of the greatest relative importance, are in- 
vested with the greatest difficulties, and to lie found 
among the latter. Should the progress of knowledge at 
any future time disclose to us the real functional equa- 
tions on which this important subject depends, Naval 
Architecture will make a greater and more decided step 
than it has ever yet done* 


(235.) Our limits will not permit us to pursue this General ciiw 
subject into its varied and beautiful details, and we cumstancea, 
must, therefore, content ourselves with recording gene- on which 
rally, in the words of Dr. Inman, the circumstances on there8,,t " 
which the resistance to ships moving with the same *££1 de- 
velocity seem to depend : pends. 

First , on the area of the midship section, as causing 
a greater or less displacement of fluid by the motion of 
the ship. 

Secondly , on the form of the fore body, as causing 
more or less additional resistance from the motion of 
the ship, considering only the inertia of the particles 
displaced ; that is, supposing the void space left astern 
ill consequence of this displacement to be instantly 
filled again by the fluid. 

Thirdly , on the form of the after body, as causing a 
greater or less diminution of pressure forward, on 
account of the motion of the ship alone. 

Fourthly , on the shape of the whole body, as afford- 
ing a’ more or less easy and rapid transit of the dis- 
placed fluid to the stern, or to the void space, which 
would otherwise be left behind the ship for an instant. 

Fifthly , on the form of the whole body, with respect 
to direction and the quantity of superficies, as causing 
more or less friction, and more or less adhesion of the 
fluid* 

On the Stowage of Ships. 

(236.) Thp best constructed ship may be so badly Stowage, 
stowed, that she may fail to gratify in any way the * t! * ‘ m l ,urt ~ 
ardent expectations of her constructor.* On the other once# 
hand, an experienced seaman, intimately conversant with 

* The Thunderer 84, recently commissioned, affords an example. 

Built after the best model, aa is understood, yet when commissioned 
by that thorough-bred sailor Captain Wise, and stowed exactly 
accordant to the plans and directions furnished to him, she was 
found entirely to fail. After leaving Sheernoss, she took in 90 tons 
of additional ballast ; and on her arrival at Malta, she was entirely 
restowed. 
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movable 
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Stores and 
ballast. 


Many elr- 
m i*i its i;l* a 
ship tun- 

IH'Cti'il w if Ii 


Naval Ar- the mechanical efTccts of stowage, may correct many of 
chitccture. the errors of a badly formed vessel. Hence an atten- 
tivc consideration of the effects of stowage is of the 
greatest importance to Navul Architecture. 

(237.) By the stowage of a ship is meant the dis- 
position of her ballast and stores. Many of the weights 
in a ship, are necessarily fixed by circumstances, and it 
is, therefore, only to the movable weights, the ballast, 
aud part of the stores, that any inquiries respecting the 
effects of stowage can be applied. 

(238.) The quantity of stores and ballast in a ship is 
one of the very first elements in the great problem of 
stowage.* This mflst depend on the class of vessels, 
and the service for which they are intended. As a 
general principle it may be remarked, that no ship 
should he incapable of stowing four months' provisions, 
with the necessary complement of stores. There can 
he no doubt that some improvements might be made in 
the forms of ships, so as to diminish considerably the 
amount of ballast. The degree in which this can be 
done, must be ascertained by experiment.. 

(239.) There are many elements of a ship intimately 
connected with the stowage. Among these may be 
mentioned the stability, rolling, pitching, scending, pre- 
serving a steady course, ardency, or tendency to fly up 
to the wind, going about, action of the rudder, and the 
strain of the materials. 

In what (240.) On the stability, the stowage exercises an in- 
way it in- fluence, on account of the ballast and the movable 
thu weights governing in a great measure the position of the 
ba 11 * V| centre of gravity, which is an element intimately con- 
nected with it. When the stability requires to be aug- 
mented, it is necessary that the ballast should be dis- 
tributed as low as possible ; and the nearer it can be 
brought to the middle parts of the ship, the lower it 
will be. The form of the bottom of the vessel must 
exercise an important influence here, and shows how in- 
timately the stowage is connected with the principles of 
construction. 

tho rolling, (241.) The influence of stowage is, also, very con- 
siderable on the action of rolling. The skill of a 
Naval officer is displayed, when by changing the 
movable weights he is enabled to correct in any way 
the motion of rolling, and a similar remark may be 
made respecting the pitching and scending. We 
are, at present, much in the dark respecting the in- 
fluence of stowage on these important dements; 
and very much that is done seems dependent more 
oil accident than on rule. The sailor has abundant 
opportunity in these particulars to assist the Naval Ar- 
chitect ; nor should the latter neglect the considera- 
tion of those apparently trivial causes to which the sailor 
often attributes the successful sailing of his vessel. The 
■towage. ° ^ urt ^ er the weights are removed from the centre of 


pitching, 
and set* ml- 


The sailor 
can do 
much to- 
wards im 


gravity, the greater is the resistance to quick and 
uneasy rolling; and to reduce the depth of the pitching 
and scending, as many of the movable weights as pos- 
sible should be brought near the middle of the vessel. 
The practice of “ winging the weights/’ as it is techni- 
cally termed, is found to be fully justified by expe- 
rience. 


* It is an important problem, and ha- occupied the attention of 
the greateet Geometricians. The Academy of Sciences on many 
occaiions directed the attention of Geometers to it. Among the 
great names connected with its history may be mentioned Daniel 
Bernoulli, Kuler, the Abb6 Bossut, J. A. Euler, and Bourd* do 
Ydlehaut. 


(242.) There is, sometimes, a disposition in a ship to Naval Ai- 
turn from its direct course, increasing thereby the difficulty chitecture. 
of steering, and more or less retarding the advancement 
of the ship. This among sailors is termed yawing. To Yaw,ll ff« 
correct any [error of this kind, the movable weights 
Bhould be so placed that their centre of gravity may be 
before the middle of the ship’s length. The moment of 
the lateral resistance abaft the centre of gravity, will by 
this means he increased, and the moment forward 
diminished. 

(243.) When a ship is completely stored and in per- Mean de- 
fect trim, the mean direction of the water passes a little na tion of 
before its centre of gravity ; but since during the pro- the water, 
gress of the voyage there must have been a loss of con- 
sumable stores, the trim she originally possessed may 
be very much changed. The weatherly qualities, which 
made her the admiration of the seaman on leaving port, 
may either be lost altogether, or in a very great, degree 
impaired. Hence the necessity of stowing the mov- Consum- 
able weights, so that the consumable stores being taken able stores 
in proper proportions from the fore und after parts of 
the ship, the good qualities she originally possessed 
maybe retained as her draught of water becomes succes- 
sively dec reused. 

(244.) In the case of tacking, the resistance a ship Tacking, 
experiences in coming about depends on the lateral 
resistance of the parts before and abaft the centre opgra- 
vity. This resistance will be a minimum when the 
centre of gravity is in the middle of the length. 

(245.) The power of the rudder to turn a ship being Reactance 
proportional to the distance of the centre of its mean driiddw. 
resistance from the centre of gravity, the movable 
weights must be so placed that the centre of gravity of 
the ship may be before the middle of its length. 

(24fi.) With respect to the influence of the stowage \\\»ights of 
on the materials composing the framework of the ship, transverse 
too much attention cannot be paid to the relation be- 
tween the weights existing in the several transverse see- 
tions of the ship, and the upward pressure of the water ^uro cor- 
at the corresponding parts. The figure of the ship, and reloading, 
the unequal distribution of the weights, occasions at all 
times a longitudinal strain, producing arching, or as it 
is sometimes called hogging. To equalize, us much as 
possible, these actions, should be another great object 
of the Naval Architect; and although the necessary 
existence ofgrcat weights at the extremities, may prevent 
a perfect equilibrium with the buoyancy of the corre- 
sponding parts, as far as circumstances permit, attention 
should be paid to the placing of the weights where the 
buoyancy of the body is best able to sustain them. This 
requires the ballast and heaviest weights to be placed in 
the full parts of the body towards the midship section ; 
reserving, however, the immediate vicinity of the main 
mast free from the heaviest weights. 

(247.) Amidst these diversities, and apparently op- Relation of 
posing qualities, it is, however, remarkable, asJVfr. Mor- the stowage 
gan observes, that the modes of stowage required, by 
a due attention to the qualities influenced by it, are bv 

generally compatible with* one another. The stability it. “ * 

requires the greatest weights as low as possible, which 
accords witli their concentration towards the middle of 
the length, a condition required to produce the best 
effect on the pitching, tacking, and strain of the mate- 
rials. Holding a steady course, and the action of the 
rudder requires the weights to be placed so that the 
centre of gravity of the ship may be before the middle, 
but not so much as to be practically opposed to the 
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Natal Ar* consideration of its being very near to the middle, which 
cmtecture. re( j uoes t jje resistance to coining about. The rolling 
requires the weights to be winged, which a skilful sailor 
knows how to manage without unduly raising the cen- 
tre of gravity — an effect which would impair the stabi- 
lity. The result of all these conclusions is, that the 
movable weights in 'a ship should be so disposed, that 
its centre of gravity may be low and a little before the 
middle of its length ; and that they should be winged 
as much as possible without raising the centre of 
gravity. 

Experi- (248.) A course of experiments on the quantity of 
inents ballast and the best disposition of weights, adapted to 
wanting every class of ships, would be productive of great ad- 
vantage to Naval Architecture. By determining, con- 
tinues Mr. Morgan, the proper trim of the different 
classes of ships, much valuable information would be 
obtained for making designs. At the present time cal- 
culations depending on a supposed set of a ship in 
water have frequently to be altered. The time doubt- 
less will come when this subject will be belter under- 
stood.* 


Rolling , Pitching , and Seen ding. 

Rolling, (249.) The action of the wind and the troubled sur- 
ailfscend ^ ace the sea destroy all those relations of equilibrium 
i n g. * we have been hitherto contemplating, and new mecha- 
nical conditions, involving some difficult branches of 
analytical inquiry, are hence called into activity. The 
peculiar movements which these varied nnd uncertain 
forces occasion in a great volume like a ship, in so 
many dilferent ways, have rendered an attention to this 
Important very important subject indispensably necessary. Not 
conge- only do the rolling and pitching of a vessel, and those 
cjiu nccs elevations and depressions which her whole body undeT- 
withdKMn £ oes * Ultimately concern all who may be engaged in her 
1 un * navigation, and influence very materially all her sailing 
qualities, but the strength of the fabric of the ship itself, 
and the expense of her wear and tear depend greatly 
upon them. 

Easy move- (250.) Experience tells us, that among the innu- 
Tm nts of mcrable ships which the enterprise of modern times has 
some ships, constructed, there arc some which perform all their 
movements with ease and comfort to those who com- 
mand them, and whose accidents and casualties, amidst 
all the uncertainty attending a seafaring life, amount to 
much less than many others of the same class. Of 
the Caledonia for example, it was said by her officers in 
Contrary their official communications, “ that she roiled in the 
oTothorsT frol/ gh °f Me sea quite easy whereas, in the case of 
the Anson of 38 guns, which had originally been a 64, 
in her very first voyage the rolling was so excessive, 
that she sprang several sets of topmasts ; and although 
endeavours were made to correct it by alterations in 


* The practical stowage of a ship depends principally on the 
master. When a ship is newly commissioned, this officer is 
directed by the Admiralty Instructions to obtain the most correct 
information he can of the manner4n which the hotd was stowed 
when she was last in commission, and what then were her qualities, 
that the stowage may be altered, with the sanction of the captain, 
if there ho reuBon to suppose it may be done with advantage. If 
the ship have not been at sea, the master is then to consult the 
master shipwright of the Dock-yard. When the stowage of the 
hold is completed, the master is to enter in the log-book a parti- 
cular account of the manner in which it is stowed, specifying the 
quantity of ballust in each hold, and the manner in which it is 
arranged. 


her masts and yards, she continued still to l, c a very Naval Ae- 
uneasy ship, with an excessive wear and tear * chitectuiw. 

(251.) That there are innumerable intermediate v — v-*-' 
stages of diversity between these two perhaps extreme 
cases may be gathered from many sources. Of forty 
74-gun ships built nearly at one lime from the same “ 
draught, and constituting a class by themselves, it was 
reputed that the Crcssy, Blenheim, Armada, Poictiers, 
Conquestadore, Glocester, Rippon, and Clarence, rolled 
tolerably easy in the trough of the sea. The Leonidas 
and Shannon, 46-gun frigates built after the draught of 
the French Hebe, were said to roll deep without jirk~ 
ing ; and of the 18-gun brigs, their rolling in the trough 
of the sea was stated to be easy. Of the 10-gun brigs, 
also, their rolling was said to be middling easy . 

(252.) To inquire in some degree into the general 
question of rolling, is therefore one of vast interest to 
ship-huilding, and we regret that our exceedingly nar- 
row limits can do little more than glance at its more 
prominent heads. Rolling may arise either from the \Vhat occa- 
impulse of a wave on the side of a ship, acting in rod ‘ 
some direction above her centre of gravity, or from int> * 
the undulations of the- waves themselves. Suppose, Example, 
by way of example, A D II, fig. I, pi. iii., to be a sec- 
tion of a ship, A B its load water line, E the centre 
of gravity of the whole ship, and (t its metucentre. 

Suppose, also, B H to represent the direction of the 
impulse necessary to give it the inclination a b. The mo- 
ment of the effort producing this inclination, will hence 
be in proportion to E II, and the moment of the effort 
tending to restore the vessel to its upright position, will 
be as the line EG. These efforts, acting in contrary * 
directions, occasion rolling; the effect of the force pro- 
ducing it being as the sum of E II and EG. With When roll 
regard to the undulations of the waves, a ship's rolling in £ 
must commence the moment a wave rises on one side uwnccs * 
and sinks on the other. The inclination of the side of 
a wave is continually changing by imperceptible degrees, 


* This ship was cut down in 1794; and Mr. Wilson of tho 
Navy Office, a competent authority, remarks, l< that although in all 
other Maritime States, the Science of Naval construction was well 
understood, yet so culpably ignorant were the English constructors, 
that this operation, ho well calculated, when properly conducted, 
to produce a good ship, was a complete failure. Seven feet of tho 
upper port of the top skies, together with a deck and guns, making 
about J (50 tons, were removed, by which her stability was greatly 
increased; but by a complete absurdity, tho sails were reduced 
one-sixth in area. Her masts and yards were afterwards increased 
to their original size, but aB there was no decrease of ballast, she 
was very little improved.” 

Oilier sixty-fours were cut down, masted and ballasted in tho 
same manner, and with similar results ; and although they wero 
improved by enlarging thoir masts and yards, they were still bad 
ships. A failure iu this instance was indeed a national mist’ortuiv* ; 
for had Science been applied to their cutting down, a class of fri- 
gates might have been formed, capable in every way of coping 
with the large American frigates. The disasters of the late war 
might thus not merely have been avoided, but have been converted 
into events of quite an opposite character. Let those who decry 
Science, and check in every way its application to Naval Architec- 
ture, read in the pages of the last American war their utter condem- 
nation. A very little Science would have enabled our Nuvul Ar- 
chitects at that time to have changed a ship of excessive stability, 
which must always be an uneasy one, into one of cusy rolling. 
Instead of having reduced the masts ami yards to those of a 
38-gun ship, had they been a little increased, and at the same time 
half her ballast taken out, and her guns, moreover, changed for 
others of a larger caliber, instead of some of them being smaller* 
such a ship would have been easy, would have sailed better than 
any class of ships then in the Navy, and the expense of its wear 
and tear would not have exceeded the oi dinary iinrnmnt. 
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Naval At- from a horizontal position to its greatest angle of in- 
ehitecturc. clination, and vice versa ; and therefore the force whose 
tendency is to turn the ship increases only by slow de- 
IleeUng of . an( j ) on g before she has arrived at that angle of 
minUl a rolling, which even a small inclination of the side of a 
longitmli- wave would give, an opposing wave mounts on the 
nul axis. other side of the ship, and prevents her further de- 

Axis of ro- p r ession. 

tution. (253.) There are many circumstances connected with 

It some- the heeling of a ship round a longitudinal axis passing 
times rises, through its centre of gravity which it may be necessary 
very briefly to advert to. The axis of rotation (consi- 
dered quiescent) round which the motion of rolling is 
performed, is far from maintaining at all times a con- 
stant elevation. In some cases it rises and in others 
f&llB, and sometimes, it is true, it remains the same* It 
has been found, for example, that when there is a ten- 
and some- dency to immerse a greater solid below the water on 
times* fills, one tide than is raised above it on the other, the axis of 
rotation must rise during the inclination ; and the rea- 
The same son is evident, since displacement on any other suppo- 
sing but in s ition would he increased, and a greater buoyancy exist 
a converse tf,an fo e f ure> a „d consequently a greater buoyancy than 
01 the weight of the ship would balance. Jn such a case, 

whenever the motion of rolling is performed, the vessel 
must rise in heeling, and fall in righting again. * On 
The the other hand, if a rotation round the same axis (under 
r«mn”de f s * mi * ar quiescent conditions) immersed a less volume 
peudl’on below the water thun it raised above it, the same alter- 
the contra n ate rising and fulling would take place, but in a con- 
«f gravity trnry order ; that is, the vessel would fall in heeling and 
of the ship. r j se j„ righting again. 

Examples. (254.) The existence and amount of this motion, 
which, according to the degree in which it prevails, must 
render the rolling of the vessel violent and uneaBy, depend 
on the position of the centre of gravity of the ship, and 
on the form of the sides between wind and water. If we 
take the case of three vessels, each of which has its 


and some- 
times fills. 


sides parallel to the plane of the masts as in fig. 2, 3, 4, 
plate iii., A B being the load water line in their upright 
positions, and a b that when the vessel is heeled at an 
angle of 10°, G, the centre of gravity of the vessel, 
being supposed equally distant from the two water lines, 
coincident, moreover, with the surface of the water in 


the first position, below it iii the second, and above it in 
the third. Then since in fig. 2 the immersion and 
emersion are equal, the vessel as it heels can neither 
rise nor fall ; and as in fig. 3 the immersion is greater 
than the emersion, the vessel must rise in heeling ; so 
in fig. 4 the immersion being less than the emersion, 
the ship will full while performing the same motion. 

(255.) If, however, the sides of these vessels are 
made to fall out above the load water line, some 
changes will be found to take place. In the case of 
fig. 2 the immersion will in this case exceed the emer- 
sion, and the axis of rotation, supposing it to remain 
quiescent, will rise. In the case of fig. 3 the immer- 
sion will exceed the emersion more than before, and a 
still greater rising in the ship take place than before ; 
and in fig. 4 an increase of the immersion will also 
take place, and hence a decrease in the falling of the 
vessel. If, oil the other hand, the sides of these ves- 
sels fall out below the water line, and preserve their 
parallelism above it, the ship denoted by fig. 2 will fall 
in heeling, the rising fig. 8 would be corrected, 
and the falling of that denoted by fig. 4 increased. 
Wherever, therefore, there is a great disproportion 


between the immersion and the emersion, the axis of Naval Ar# 
rotation being supposed quiescent, in large angles of chitecture. 
rolling, the shocks resulting from the ship’s rising and 
fulling must be very great. To avoid such an important How shocks 
error in construction, it is necessary to find by compu- “y** 
tation the exact position of the ship’s centre of gravity, 
and then to alter the body till the immersion and emer- 
sion caused by heeling round a quiescent longitudinal 
axis passing through that point are equal. A like atten- 
tion must be paid to the pitching of a vessel ; for any 
great inequality between the immersion and emersion 
round a quiescent axis would be attended with similar 
bad effects. The motions of rolling and pitching are Whenroll- 
hence most uniform and most free from sudden shocks, ingand 
when the centre of gravity of the ship is in or near the 
plane of the load water line. Should circumstances not form 
permit the centre of gravity to be brought into the plane 
of the load water line, it is proper to endeavour to bring 
it as near to it as possible. It may be further observed, 
that as the keel and the lower parts forward and aft 
contribute in a very great degree to diminish the rolling 
by the direct opposition of their surflice to the water, 
the further these parts are removed from the axis of 
rotation, the greater will be the efTect they produce in 
diminishing the rolling; and for this reason also, when 
the centre of gravity is in the plane of the load water 
line, the ship should roll less. The form of the ship, 
moreover, near the load water line will influence its 
motion also. 

(256.) These peculiar motions of a ship have been These mo- 
sometimes illustrated by the movement of a pendulum tions *llin- 
oscillating in the same time as a ship. If for example trat j j y a 
P, p , &c., denote the particles of a ship, and D, rf, &c. * ,UI u u,n * 
their distances from the axis of rotation passing through 
the centre of gravity, the length of such isochronal pen- 
dulum will be 

whole ship X E G* 

where E is the centre of gravity, in this case the centre 
of suspension, and G is the metacentre, on which the 
whole buoyancy of the fluid equivalent to the weight of 
the ship acts upwards. Supposing the functions PD®, 
p d\ &c. to be given as well as the weight of the ship, 
the length of the isochronal pendulum will vary in- 
versely as E G ; or in other words, that the greater is 
the elevation of the metacentre above the centre of gra- 
vity of the ship, the shorter will be the pendulum, and 
the quicker the vibrations of the ship ; and on the other 
hand, the less that distance is, the slowey will the rolling 
become. Supposing the line E G and the weight of the 
ship to be ’given, the duration of the vibrations will 
vary with the values of D, d , &c. ; and the less those 
values are, the shorter will be the pendulum and the 
quicker the rolling ; and oil the contrary, the greater 
are the vibrations, the slower it will be. It must, how- 
ever, be remarked, that the conclusions tfcus arrived at 
are absolutely true only when the vibratious are eva- 
nescent ; but that they may be regarded as nearly true 
when they *are in a practi&d sense very small. When a 
ship rolls through finite angles, the vibrations arc very Difficulty 
different from those of a pendulum of an invariable of con- 1 
length, the point G not being then a fixed point, structing 

(257.) It is no easy matter to construct a ship which 
shall possess a proper stability and also, at the same time, proper^- 
perform her motion of rolling easily, although this is lility and 
a point at which the Naval Architect should continually roll easily* 
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aim. It has been observed, that an undue attention to 
one of these properties has been obtained at the ex- 
pense of the other. If the stability be diminished, the 
heeling of the vessel will be increased by the same 
amount of acting force ; but the heeling as well as the 
righting of the vessel will be more slow and easy. The 
stability cannot, however, be diminished too much with- 
out endangering in a great degree the safety of the 
ship. On the other hand, while an increase of stability 
diminishes the heeling of the ship, — and which confined 
within proper limits produces wholesome effects; yet 
when carried to excess, the inclining force is so sud- 
denly destroyed, as to produce shocks of the most dan- 
gerous kind. A wave acting on the side would pro- 
duce a powerful effect, so that a ship thus constructed, 
would in the least sea be subject to continual and quick 
vibrations. It has been remarked by some writers, that 
the height of the metacentre alone determines the pro- 
perties of a ship with regard to the qualities of its roll- 
ing; but it is possible that the height of this point may 
be something diminished, and yet the forms of the sides 
be so determined as to impart a stability sufficiently 
great. The height of the metacentre may, however, be 
increased beyond its usual limits, and, nevertheless, by 
injudicious alterations in the forms of the sides, the sta- 
bility be found too small. 

(258.) Inman recommends, in order to form a proper 
estimate of a ship’s properties in this respect, to make 
accurate calculations of the stability at different angles 
of inclination, and to compare the result in each case 
with the stability of approved ships of the same class. 
Hence, also, he adds, that to enable the Naval Archi- 
tect to design ships which may be expected to possess 
the requisite stability, he must be furnished not only 
with all the necessary calculations for the different kinds 
of ships already built, but also with a minute detail of 
their performances at sea. Thus \vc see how intimately 
Wended are the pursuits of the Naval Architect and the 
sailor. 

(259.) It is a much greater difficulty to determine 
the necessary relations between the stability and the 
rolling in merchant ships, than in those intended for 
the purposes of war. In the former class of vessels, the 
object is to obtain the greatest possible burthen, at the 
least possible expense of the ship. Hence vessels of this 
kind should be very full below, and have but very little 
height above the water in proportion to their breadth. 
The centre of gravity of the displacement w ill thus be 
very low, and consequently the metacentre also. Hence, 
also, the centre of gravity of the cargo must be brought 
as low as possible, to ensure the requisite stability. The 
result of all this is the quic k rolling of the ship and vio- 
lent shocks, which, however, may in some degree be 
diminished by winging the weights as much as circum- 
stances will allow. 

(260.) Economy in the navigation of merchantmen 
requiring as small a number of men as possible, a less 
quantity of sail is rendered necessary, and hence a less 
distance between the ccutre of gravity of the vessel and 
its metacentre, a circumstance which, as we have before 
seen, makes the motion of rolling much easier. 

(261.) Ships of war which have not occasion for 
so great an amount of capacity below, and require 
velocity, may be so constructed as to have their centres 
of gravity higher. The metacentre ought, therefore, to 
have such a height above the water, that the common 
centre of gravity of the ship and of the weights may 
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be brought nearly to the plane of the load water line. Nani An 
and that the ship may still be sufficiently stiff in resist- chitoetme. 
ing heeling. * ^ - 

(262.) There is, however, auothcr species of rolling 
which takes place with regard to the length, to which 
we must not omit to advert. In this case the extremi- 
ties of the vessel rise and fall. The fore part of the Pitching, 
ship being raised by a wave, it falls again when that 
wave has passed ; and any motion thus imparted to a 
ship would very soon cease, did not another wave follow 
to raise the bow of the ship again. When a ship is 
close to the wind and meets the waves, it often happens 
after a sea has passed the fore part, that it suddenly 
falls and raises itself with difficulty upon the following 
wave, and in such a case the ship is said to pitch. 

When a wave has passed the fore part of the ship, and 
is arrived near the middle, a space of considerable 
dimensions is left void near the bows, and the ship there 
is left quite unsupported. The vessel, therefore, preci- 
pitates itself with a very great momentum, indicated by 
the product of all the weights in the fore part of the 
vessel, multiplied by their distance from the point at which 
the ship is unsupported. Sometimes the after part falls 
heavily, and the ship is said to scend . This results from Scending. 
a similar cause and ha9 the same inconveniences. Both 
these motions very much impede the motion of the ship, 
the whole fabric of the masting undergoing the greatest 
shocks and strains. Every purl of the body of the ship 
suffers also greatly, there being a constant tendency id 
all its parts to separate. This must occasion prodigious 
strains on all the fastenings, and calls tor the greatest 
attention oil the part of the Naval Architect. 

(263.) This kind of motion, and all the resulting Fastenings 
strains must hence be different in different kinds of 
ships. The same amount of fastening, therefore, which 
may be quite sufficient for one kind of ship may he 
altogether insufficient for another. In vessels which 
arc very full near the load water line fore and aft, 
aud very lean below, the pitching ami scending are 
very great. Such a state may, however, in some degree 
be relieved by an attention to the distribution of the 
weights. The errors of the Naval Architect may be 
more or less corrected by the experienced seaman. It 
is manifest that when the weights in the fore part of the 
ship are carried near the middle, the effect of the ship’s 
plunging in this part will be less; and not only must 
this motion become ics9 quick, but succeeding waves 
will have less difficulty in raising it again ; and u similar 
remark applies to the after part. Hence much relief Conrcn- 
may be afforded to these motions of a vessel by bring- * ra,1 «g the 
ing the weights as much as possible in the neighbour- 
hoerd of the middle of the ship. There are some 
weights which it is impossible to move, and which pro- 
duce a great effect, such as the fore mast and its rig- 
ging, tile bowsprit and its anchors. The mechanical 
effects of these the ship-builder must be prepared to 
resist by the figure and strength of his fabric. 

(264.) There are motions, however, of another kind, Other ino- 
intermecliate between rolling and pitching, or roiling t,on8 - 
and scending, and which exercise an important influ- 
ence on the movements of a ship. When a vessel floats 
quiescently on the surface of the sea, the centres of 
gravity of the displacement and of the whole ship are 
in the same vertical plane; but when the vessel is in- 
clined, the latter point is carried to leeward, and the 
buoyancy of the water, acting upwards through it, en- 
deavours to turn the ship hack. The axis round which 
3 F 
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Naval Ar- the ship revolves in such a case, must lienee depeiul on 
chitectuvc. Hie position of the centre of graxity of displacement. 
■*" If this latter centre be in the transverse section passing 
through the centre of gravity of the ship, the vessel will 
revolve about an axis parallel to the length ; but if it he 
either before or behind it, the buoyancy will cause the 
ship to revolve round an axis, occupying a place be- 
tween the transverse ami longitudinal axes of the vessel. 
Each different inclination may hence be accompanied by 
an axis peculiar to itself ; and hence a system ot move- 
ments may be produced tending to disunite all the parts 
of the ship, deranging its di detent adjustments, and 
operating greatly in retarding its progress. 

Ilcwto (265.) To counteract motions so injurious as these, 

counteract the centre of gravity of the displacement, both when the 
them. -vessel floats upright, and when it is inclined at different 
angles of inclination, should at all times be found in the 
same vertical plane. This must be done by assigning 
to the volumes immersed or emerged in consequence ot 
the inclination, such particular forms, that the line join- 
ing their centres of gravity shall in all cases be parallel 
to the transverse section. This important consideration, 
it appears, was first attended to in English ships by 
Dr. Inman, ily comparing the reports made oil differ- 
ent ships in his Majesty’s Nuvy, with calculations made 
on their drawings, it appears that these vessels have the 
best character for regular aud easy motion, caieris pa- 
ribus, that have this property. 


On the Arching of Ships . 

Arching of (266.) Our ordinary experience proves how difficult 
ships. it is, in the simplest combinations of carpentry, to pre- 
serve precisely the figure that may have been intended ; 
and the ingenuity of the workman is frequently taxed iu 
devising braces and ties in order to maintain it. In a 
far greater degree is the Naval Architect called upon to 
devise means for preserving to a ship, when she is 
launched, the same figure she possessed when resting on 
her shores. To accomplish this demand a large share 
of practical knowledge combined witli an acquaintance 
with the theoretical wants of Naval Architecture. The 
ingenious constructor cannot hut be anxious that his 
ship should retain, when she sails in all the pomp and 
busy circumstance of war, and when innumerable strains 
are acting upon her, the properties he originally desired 
her to possess. 

(267.) We can hardly imagine a more mortifying 
circumstance than to find, after every imaginable care 
has been bestowed upon a design, that the moment the 
vessel is launched, some of her essential conditions are 
altered, her hull exhibiting unequivocal signs of weakness, 
her extremities dropping, and her whole frame becom- 
ing arched. It is the business of theory not only to 
plan the ship, but to devise means for constructing her 
Combining so that her exact theoretical form shall be preserved, 
oftimben a There is more science in combining timbers together 
difficult than is commonly imagined ; and when we see how dil- 

Bubjcct. fault ls> eve|l j n the s i m pif fabric of a gate, a parti- 

tion, or a roof, to preserve entirely the form that was 
intended, we cannot but observe in the larger and 
more complicated fabric of a ship how greatly the diffi- 
culty must be augmented. Here it is that theory and 
practice can do so much to aid each other. In all the 
mechanical arts they should be inseparably bound 
together, and yet how seldom are they thus allied ! A 
narrow jealousy and mistrust too ofteu divides them. 


(268.) There are circumstances, moreover, of a very Naval Ar- 
peculiar nature, which in the case of a ship contribute c urtf l 
to produce this derangement of form, aud which it is 
fitting the Naval Architect should be made intimately lisir |^ 80 
acquainted with. It is not only in a storm that her the case 
fastenings are disturbed, and her timbers exposed to of a ship, 
different strains from those which they underwent when 
she was supported in the dock, but even when she floats 
in tranquillity in the harbour, destitute even of her 
masts, and her most ordinary stores. The simple hull Cause of 
itself is compelled to bend by the buoyancy of the very weakness, 
fluid on which it floats. If a straight line be drawn 
from the head to the stern, whilst the vessel is on the slip 
or in dock, no sooner has she entered her own element, 
than ouch end of this line will be found to have dropped 
from two to six inches, in consequence of the weakness 
of the fabric. Iu cases of arching, also, some of the 
butts of the planks are always found to have parted 
aloft, at the same time that the angular position of some 
parts of the structure has ns uniformly been more or less 
altered; and very generally a certain degree of sliding 
is observuble in the planks at the sides of some of the 
ports. This sliding was seen very distinctly by Dr. 

Young in the planks of the Albion and of the Belli- 
queux, at the same time there were also obvious indi- 
cations of a certain degree of extension and compres- 
sion. In the Albion the butts of the planks were parted 
so far, that in some instances pieces were let in between 
them ; and iu the Belliqueux there was a space of about 
five incl^s between the middle of the deck transom and 
the curling, which had originally been in contact with it. 

In the Asia, the arching amounted to three inches and 
a quarter, and the comparative length of the upper and 
lower parts was probably altered about two inches at 
most : the parting of the butts amounting to three-six- 
teenths of an inch each, “ for upwards of fifty feet ill 
length in the midships, and for about eight feet from the 
top side/’ making a total extension of probublyless than 
an inch ; so that about hall the effect sceins to have been 


produced in one way, and half in the other ; but appa- 
rently the greater half by the want of stiffness. Some 
degree of permanent compression or crippling below 
has been observed, the butts of the planks opening 
when the cause of urching has been removed, and the 
sheathing being more wrinkled than would have hap- 
pened fiorn the simple bending of the planks. To cor- To correct 
rect these serious defects was one of the great problems this was the 
undertaken by Sir Robert Seppings. Before his time, all problem 
the materials composing the fabric of a ship were disposed en 

nearly at right angles to each other; a disposition not Hubert 
sanctioned by any authority, nor by the humblest maxim Seppings. 
of mechanical knowledge. A ship too from its great 
length, and the peculiarity of its form, is the body calcu- 
lated to display erroneous combinations in the most 
remarkable degree. 

(269.) The length of a 74-gun ship being 170 feet or 
more, it requires but little knowledge of materials to 
perceive that planking of such a length, whatever be its 
amount if thickness, or the mode or way in which it is 
joined together, must under such a system bend with its 
own weight. The fastenings and connections of the 
several parts of such a fabric, cannot therefore but suffer 
from a want of stiffness, and a change of form must be 
the consequence. 

(270.) The truth of the principle here adverted to is 
confirmed by every day’s experience. The idle school- 
boy racks the frame of his slate, loosening its fastenings 
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and deranging its figure; and the country carpenter 
finds, however he multiplies his parallel rails or bars, 
and whatever ingenuity he displays in their fastenings, 
the uniformity of his gate will soon be destroyed, 
unless lie adds a brace or diagonul timber to his 
fabric. In a popular sense r we may say the old Bysletn 
of timbering resembled in principle fig. 5, plate iii. and 
the new system fig. 6. It is obvious, to adopt the fami- 
liar language of Seppings, the greater the length of the 
frames, the greater will the superiority of the latter be 
shown. 

(271.) The effect of a triangular combination of tim- 
bers like this is, that the pieces disposed horizontally are 
acted upon as ropes by a strain of the fibre, whilst the 
other parts are pressed upon as pillars ; or, in other 
words, the pressure acts in the direction of the fibres of 
the wood. In the old plan, and which, for distinction 
sake, may be denominated the rectangular mode, the 
fibres are acted upon transversely, or acrqss the grain, 
just as a stick, when placed across the knee and pressed 
by the hands at each end, i9 first bent and then breaks. 
To prevent any transverse action upon the fibre of the 
timber, is one of the benefits arising from the new 
system, and to impede a longitudinal extension of the 
structure is another. For as the diagonal frame, 
composed of a series of triangles, aided by diagonal 
trussing between the ports, prevents the fabric from 
being acted upon transversely to the fibres of the ma- 
terials horizontally placed, so the wales, the planking, 
the shelf pieces, the improved water ways, and the decks 
systematically secured, become the tie beurns of the 
structure. 

(272.) The great strength of the principle here ad- 
verted to is also to be contemplated in another point of 
view — that of rendering the strength of the fabric as 
general and united as possible. It is a trite maxim to 
observe that the strength of any body, let its construc- 
tion be what it may, can never exceed that of its weak- 
est part ; but it is one, simple as it is, which has 
been too often lost sight of in the practice of ship- 
building. In the new system of Seppings, the open- 
ings between the ribs are filled in with slips of timber 
nearly to the height of the orlop, or lower tier of beams. 
These being calked and pitched over, make the frame 
from head to stern, and within a few feet of the greatest 
draught of water, one compact and water-tight mass of 
timber ; so that were any of the outer planking of the 
bottom to be removed, the ship would not only continue 
to flout, but would also be preserved from sinking. In 
the old system, the starting of a plank often proved 
fatal. 

(273.) The openings between the frame, where the 
width of the space does not exceed three inches, ure 
filled up by driving in wedge-like slices of wood, one 
clriven from the outside, the other from within, forming 
the purallel space of the opening, and bringing the parts 
into the closest contact. In the openings exceeding 
three inches, the space is occupied by corresponding 
pieces having their fibres laid in the same«direction as 
that of the frame timbers. These fillings add not only 
to the strength and durability of the fabric, but pre- 
Berve the health of the crew from the effects of the im- 
pure air arising from the filth which so soon collects in 
these openings, rendering the ship less liable to leakage, 
as well as facilitating the stoppage of any leak ; and 
lastly increasing the thickness of the bottom from four or 
four and a half, the usual thickness of the plank, to 


about sixteen inches, thereby diminishing very con- Naval Ar- 
siderably the danger to be apprehended from getting on chitecture. 
shore, or foundering at sea. ^ 

(274.) That this improvement promotes the durabi- Durability, 
lily of the ship may be inferred from what follows. In 
the first place, the openings in the old principle, after a 
ship has had any considerable length of service, are 
choked up in many parts with an accumulation of’ tilth. 

Secondly, that no free circulation of air can be obtained 
in these openings by any means. In the third place, 
that timber being cither freely exposed to, or excluded 
from the air, is equally preserved. And fourthly, that it 
lms been found on examining the frame and plank of 
old ships, that those parts now filled in, generally decay 
sooner than the rest ; viz. from the floor heads in the 
midships, and from the dead wood forward and abaft to 
the height of the orlop damps. 

(275.) With regard, also, to the gain in the internal Gain i n the 
capacity of the hold, it may be remarked, that though capacity of 
the trussed frame projects from the limbers five inches tllL ‘ 
more than the thick stuff at the floor- heads, — yet, as in 
the old system, the perpendicular riders are brought 
upon the thick stuff, their projection into the hold is 
more by eight inches than that of the new, giving an 
increase of stowage in favour of the diagonal frame. 

Another important point is, that a tier of iron ballast 
may also be disposed of many inches lower, giving an 
increase of stability with less weight, and enabling the 
vessel to carry her ports higher out of the water. 

(27(5.) i n pi. iv. fig. 1. is a bird’s-eye view of the internal Binl's-eyo 
part of one side of a 74-gun ship in a complete stale, the 
diagonal timbers intersecting* the timbers of the frame l‘» rt 
at angles of about 45°. In the fore part of the ship f 0 ^' en “ 
these timbers are disposed in contrary directions to those 
in the after part, their distances from each other being 
from six to seven feet or more; their upper ends abut- 
ting against the horizontal hoop, or shelf piece, of the 
gun-deck beams, and the lower ends against the limber 
streaks, except in the midships, where they come against 
two pieces of timber placed in on each side of the keel- 
son for the purpose of taking off the partial pressure of IX'sciip 
the main mast, which in all cases causes a lagging down t * 011, 
of the keel, and sometimes to ail alarming degree. 

Pieces of timber are next placed in a fore and aft direc- 
tion over the joints of the frame timbers, at the floor and 
first futtucks heads, their cuds being in close contact 
with and coaked or dowelled to the sides of the diagonal 
timbers. In this state the framework in the hold pre- Diagonal 
sents various compartments representing the forms of llin hcrs. 
rhomboids. A truss timber is then introduced into 
each rhomboid with ail inclination opposite to that of 
the diagonal timbers, thereby dividing it into two purts. 

These truss pieces, says Seppings, are to the diagonal 
frame what the key-stone is to an arch ; for no weight 
or pressure on the fabric can alter its position in a longi- 
tudinal direction, till compression takes place at the 
abutments, and extension of the various ties. 

(277.) This arch-like property of the diagonal frame 
not only opposes change in a longitudinal direction, but I,# » uro ° 1 • 
also resists external pressure on the bottom, either from 
grounding or any other cause, because no alteration of 
figure can take place, without forcing the several parts 
of which it is composed into a smaller space. The con- 
nection kept up by means of the trussed frame firmly 
attached to the timbers of the ship by circular coaks and 
bolts, together with the shelf pieces united to the sides 
and to the several beams by means of the same sort o£ 

3 F 2 
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N-lAr- fastenings, imparts such unity to the whole as to give 
c »’.tvC'.ura. ^ Qn i mmense superiority over the old system it dis- 
^ placed.* 

Sh» lf (278.) The beams of the new system arc disposed 

1 -ieceu, nearly as in the old, excepting that in midships, where 
a ship necessarily requires the greatest security, two 
additional beams have been introduced. All of them are 
attuched to the ship's sides by shelf pieces, or internal 
hoops, distinguished by the letter E, fig. 2. These shelf 
pieces are composed of several lengths of timber scarfed 
or joined together by conks, or circular dowels, so as to 
form a kind of internal hoop, extending from the hooks 
forward, to the transoms abaft, to the underside of 
which, as well as to the under parts of the beams, they 
are securely couked, and being then firmly bolted to the 
side, instead of becoming a mere local fixture of the 
beam to the ship's exterior frame, as the knees formerly 
were, they afford a continued and general security. The 
shell* piece is also a tie to the top side in a fore and aft 
direction, co-operating witli the trussed frame, as already 
explained. 

Chocks*. (279.) The beams are also secured by chocks, repre- 
sented in If, fig. 2, placed under all the shelf pieces in 
the wake of* the beams, excepting the orlop, in such a 
manner as to receive the up and down arm of the iron 
knees. The lower ends of those under the gun deck 
shelf piece, step on the ends of the orlop beams, and 
those of the several decks above, step on the projecting 
part of the spirketing below. The chocks, particularly 
those between the orlop and gun decks, admit of their 
being driven into their respective places very tightly, 
thereby acting like pillars. Another advantage attending 
them, is their great tendency to stiffen the ship’s side, and 
to prevent the beam ends from playing on the fastenings 
when the ship is rolling, or straining under a press of 
sail. 

Iron knees. (280.) The curved iron plate knees for securing the 
orlop beams, and the iron forked knees of the other 
decks, are described in figs. 2 and 3. 

Improved (281.) In the old system of ship-building, the planks 

decks. jf the several decks acted only as mere platforms, or as 
a cover of a box unconnected with the sides, affording 
no strength to them whatever. In the new system of 


* It has hitherto been very generally believed, nays Seppings, 
that stiffness or inflexibility in a ship is not strength, but that a 
yielding of the fabric is an essential quality to preserve it from 
being destroyed by the shocks it sustains. This erroneous opinion 
must huve arisen from another equally incorrect, that a ship must 
be an elastic body, on account ot the elasticity of the materials of 
which it is com[K)sed. It should, however, be remembered, that 
this elasticity of the materials must be very inconsiderable, since 
the small degree of elasticity in each piece must necessarily be 
neutralized in the fabric by the various directions of the parts of 
which it is composed. Hence a vessel, let her construction lie 
whut it may, whether loose or firm, cannot in any case he elastic. 
It follows also, thut the action and reaction of tho sea operating 
upon different parts of the f&biic at different times, occasions, on 
account of the want of unity among tho purts, a constant and in 
creasing weakness, which by some may have been mistaken for 
elasticity. 

When a sea strikes a ship forward, continues Seppings, the bow 
will rise with the sea ; which passing aft, lifts the midships in suc- 
cession, leaving the fore and uft parts with little or no support. Such 
shocks acting upon a body whose parts are not firmly connected, pro- 
duce a bending and rcbendingofthe fabric, the planks of tho sides 
playing over each other, and the fastenings becoming strained and 
loosened by continued repetitions of the acting force. On the con- 
trary, when a body is constructed with such general unity and 
fixedness of all its parts, that when one is moved the whole fabric 
must move with it, ull the parts of the structure may be fairly said 
to bear their proper portion of the sixain. 


Seppings, however, they are so disposed, as not only Naval Ar- 
to oppose an alteration of figure from a force acting on chite cture. 
the ship in a lateral direction, but also are made sub- 
servient towards securing the beams to the ship's side. 

The framing and flat of’ the decks, excepting the quarter 
deck, forecustle, and round house, which are laid upon 
the old plan, are disposed as represented in fig. 5. The 
former, that is, the framing or ledges, and beams are 
denoted by ticked lines ; the latter, or planks by black ; 
those on the starboard side being laid contrarywise to 
the larboard. The midship ends of the diagonal planks 
abut against two strakes laid in a fore and afl direction 
outside the comings of the hatchways; the other ends 
approaching the timbers of the frame, the butts at each 
end being secured to a tier of callings placed for that 
purpose. The fiat or plank of the deck so disposed is 
connected with a certain number of coaks to the hooks, 
beams, and transoms. When the decks are thus laid, 
the waterways described in fig. 2, are brought on and 
coaked to the ends of the plank. These waterways 
being then bolted through the ship's sides, and also in 
an up and down direction, through the fiat and shelf 
pieces, combine the whole in one homogeneous mass of 
strength. 

(282.) A run of three or four years' service most In what 
commonly discloses some examples of weakness in the I ,iul the 
fabric of a ship. These defects, among other places, 
show themselves at the beam ends, arising in a great commoifly 
degree from the local attachment of the beams to the to be seen, 
ship’s side, and the flat or covering being entirely un- 
connected. This imperfect fastening* of the extreme 
ends of the beams, occasions them so to play and work 
upon the fastening, as often to cut the holt holes into 
an oval form by the friction of the bolts. The usual 
remedy in such a state of things is to load her with 
additional materials, such as iron knees, standards, 
breast-hooks, &c. ; thus adding greatly to the original 
weight of the fabric. It is evident thut the first gale of 
wind the ship encounters, after being thus partially 
strengthened, must again reduce her to her former stale 
of weakness.* 

(283 ) To remedy defects, whether arising* from the 
decay of the materials, or from any other cause, the prin- 
ciples of Sir Robert Seppings, illustrated in fig. 1, can- 
not but hold out the most capital advantages; and in 
no particular is its superiority more manifest than in the 
decks ; for by shifting them when worn too thin for 
calking, the original connection between the beams, 
the deck9, and the sides will be restored as perfectly as 
at first. 

(284.) The tendency of the ship to stretch or draw asun- other i m - 
derin her upper works, being by no means obviated by the provc- 
short planks on the inside between the ports, Sir Robert ,nwits * 
substitutes a truss piece of plank in lieu of them, which 
being well secured at the abutments, materially aids the 
trussed frame, and gives great stiffness, thereby opposing 
any disposition to arch or hog aloft. 


* This wodli of strengthening ships, as Seppings truly observes, 
may he compared to that of a raft firmly secured in tho first placo 
by strong lashing, which after soma time works loose, or rather by 
working is stretched. As it might be too tedious au operation to 
secure the raft by retightening the lashing, a small cord would bo 
iisiwl for that purpose. It is clear whilst the small cord remains 
tight, no part of the strain can bear upon the strong hut looso 
lashing, till the other stretches or breaks. So is it with a ship 
that has additional securities given her without refastening those 
which hud worked or become t>tiaine<l. 
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Naval Ar- (285.) In fig. 4 the stern of a ship is represented 
chitecture. with the trussing and iron work necessary for its 
security. By this the helm-port transom, which con- 
sumes one of the largest and most difficult trees required 
for a ship, is dispensed with. 

Economy ia (286.) It is a great principle in these views of Sir 
combined Robert Scppings, that not only strength, safety, and 
views 11 *? durability are so essentially promoted by them, but 
Senplmra. that economy holds also a capital and prominent place 
among them. At a time when reduction in our expen- 
diture is so loudly called for, aud the Royal Navy cannot 
be kept up without a large supply of foreign timber, it 
certainly adds to the credit of this accomplished Naval 
Architect, that, in a 74-gun ship, upwards of one hun- 
dred and eighty oak trees are saved by his masterly 
combinations, each tree having a load of fifty feet rough 
contents. 

(287.) It must further, also, be borne in mind, that 
the consumption of large ship timber may be further 
diminished by the use of inferior and old ship tim- 
ber, and if old ship timber were generally introduced, 
as iu the case of the Ramillies, one-seventh part of the 
Euglish oak required for a new 74-gun ship might be 
saved. 

(288.) Another source of economy arises from the 
greater ease with which the lower purt of the ship can 
be examined, in consequence of the omission of the in- 
side planking. The ease, also, with which any part of 
the diagonal frame may be replaced, justifies the adop- 
tion of fir timber, particularly for the longitudinal pieces 
aud trusses. 

Reports (289.) We regret that our limits will not permit more 
made l>y than a brief allusion to the valuable Reports made on the 
ed officer* 1 " Tremendous, the first ship to which Seppings f s principles 
in favour of were applied, by the distinguished officers whose duty it 
thoMi im- was to make them. They were such as to stamp at once 
provemeuts. w j l j 1 the highest and best approbation his unrivalled 
combinations. Of this vessel, it was reported by Mr. 
Parkin, the master shipwright of Sheerness )ard, that 
the sights on the gun-deck, at the distunce of 1G3 feet, 
altered Oin. ; that those placed on the upper deck, 
at the same distance, changed but in. ; and those 
on the quurter deck and forecastle, at the same distance, 
altcicd but Oi in ; after a more than three years* 
active service, exposed to perilous and turbulent storms. 
It was also remarked of the same ship, that “ the orlop 
deck beams had not worked on the internal hoop, nor 
was the crust of the whitewash disturbed ; the plates 
and bolts securing the diagonal riders and terminating 
under the internal hoop, as well as the heads of the 
Tiders, appeared as close as when fayed. The checks 
lore and aft, bolted under the gun- deck beams for re- 
ceiving the forked knees, the breast hooks in the gun- 
ner’s store room, as well as the bolts which fasten the 
forked knees, nouc had the slightest appearance of 
having worked. No appearance of the guu-deck beams 
having worked on the internal hoop which receives 
them was to be found ; nor any leaks or dampness 
between the gun-deck water ways, the beams being so 
perfectly dry, as to have permitted, in many places, the 
cobwebs to collect between the timbers. The main and 
gun decks displayed no traces of working, and the same 
observation was made on the beams of the quarter deck 
and forecastle ; aud the whole ship throughout appeared 
in as perfect a state, as if she had been in dock upon the 
blocks.” 

(290.) In the instance, also, of three ships of 120 


guns, the Nelson, the St. Vincent, and the Howe, Navol Ar 
whose forms and dimensions were precisely the same, chitecture. 
and whose frames, beams, and external planking were v — 
of the same scantlings, it was remarked of the two Comparison 
former, built according to the old plan, and of the latter, or three 
built according to the new, that alter the first of these 
vessels was launched, she altered nine inches and a 
half from her original sheer, and the St. Vincent 
nine inches and a quarter; but the Howe changed 
only three inches and five-eighths. The whole machine 
in the former ships, observes Seppings, was generally 
disturbed, but the Howe exhibited no such symptoms of 
weakness. 

(29 1.) No invention or discovery is, however, destined Tlu sc* unc- 
to take its rank in the great catalogue of scientific truths fi*i ainlini- 
without controversy and dispute ; and, perhaps, on the l H,rlun1 
whole. Knowledge is benefited by the furnace it has to 
pass through. To the inventor, or discoverer, it cannot J 
but be a painful ordeal, but it is the tax he must pay for 
his celebrity. In the presentca.se it was broadly insi- 
nuated that Seppings had borrowed his principles, whereas 
no application at all resembling his admirable plans can 
be found in any of the Continental writers on Naval 
Architecture. The propriety of a different disposition 
of the materials entering into the construction of a 
ship, lias at different times been suggested by ship- 
builders, and partial alterations have in consequence 
been introduced ; but no one, so far as we can trace, 
has at any time proposed a system of diagonal 
trussed framing at all resembling that of the great 
ship-builder udverted to. “ If I have received any Candour of 
assistance,*' he ingenuously observes, “ in the progress ^ ,r Ib'lwrt 
of this new system, now universally adopted in the 
British Navy, it was from the plans and drawings of 
the celebrated bridge of Schaifhausen, and from no 
other source.” 


(292.) It may be proper, however, to advert to one ltwam>b- 
objection of a practical kind advanced against, the new jectwl that 
system. It was asserted by some that the braces t,u ‘ 
and trusses applied by Sir Robert Seppings, were dis- 
posed iu directions precisely the reverse of that which th u Vroilg 
they ought to have been. To meet litis objection the way. 
following decisive experiment was appealed to. 


(293.) Early in the year 1817, the Justitia, an old Experiment 
Danish 74-gun ship, was ordered to be broken up on Wllh AU 
account of her defective state ; and Seppings having ob- ^ 
served her to be considerably arched or hogged, deter- 
mined, notwithstanding her age and defective stute, to 


apply the trussing principle to a certain extent, with a 


view to observe w hat effect it would produce on a fabric 
reduced to so weak and shaken a condition. 


(294.) The officers of the yard were directed to place Description 
sights on the lower and upper gun-decks prior to her ol iU 
being taken into dock ; and to ascertain, when she 
grounded on the blocks, how much she had altered from 
the state in which she was when afloat. They were 
then to place a certain number of trusses in the hold, 
some in the fore part of the vessel inclined forward at 
about an angle of 45°, and others in the after part 
of the vessel inclining aft at the same angle. Others 
were also to be placed at right angles to the former, 
so as to act against the beams of the deck. In the 
ports also, other trusses were' introduced, those in the 
ports forward inclining forward in an angle of 40°, and 
those in the midships aft, at the same angles, but in an 
opposite direction. As it was uncertain where the 
centre of fracture would lake place, a few of the port* 
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Naval Ar- holes about the centre of the ship had trusses introduced 
chitecture. into them in both directions. Wedges were applied to 
the heels of the trusses to set them tight. The ship 
being thus partially trussed, the water was let into the 
dock, and the ship floated out of it into the basin, 
where she was to lie one hour, when a Committee 
was to examine the sights, and ascertain how much 
the ship had altered ; and again, what change had 
taken place in twenty-four hours after floating. This 
being done, the trusses were to be disengaged in as 
short a time as possible, in order to observe whether the 
effect of their removal would he instantaneous or gra* 
dual. 

Report of (295 ) The following i9 an extract from the Report 
the Com- of the Committee : — 

nut too ap- i* When the ship was in dock, on blocks perfectly 

ex!in»nie° S ^ 1C come down in the midships, by the sights 

tlw same, placed in the gun-deck, two feet two inches and a half; 

and by those on the upper deck, two feet three inches 
and a quarter; and when undocked, with the trusses 
complete and in their places, she hogged, or broke her 
sheer, by the sights on the gun-deck, one foot two 
inches and five-eighths; and at the expiration of twenty- 
four hours she had hogged, or further broke her sheer, 
two inches and five-eighths, and then appeared sta- 
tionary and completely borne by the trusses. 

(296.) 44 We then proceeded to lake away the trusses 
in the hold, and when they were wholly disengaged, she 
further hogged, or broke her sheer, six inches. We 
next proceeded to take away the trusses in the ports, 
and when they were wholly cleared, she dropped at the 
extremities, or further hogged, three inches and a half, 
and was in that position when tried twenty-four hours 
after. 

(297.) “ Wc further beg to state, that the whole of 
the trusses alluded to as placed at right angles to the 
first introduced, slackened ns the ship floated from the 
blocks, and became short from half an inch to three 
inches and a half, and partook of no part of the pres- 
sure; which, in our opinion, clearly proves that the 
direction in which Sir Robert Scppings has applied his 
diagonal frame is correct, as also the great utility of the 
bussing system ; for although the ship, from her very 
defective slate, was much against so severe an experi- 


ment, it has proved to 11 s its good effects most satisfac- Naval Ap- 
torily ; for many of the trusses in the ports forced the chitecture. 
timbers three-eighths of an inch within the ends of their 
covering planks, thereby lessening their effect from what 
it would have been if the ship had been of a sound tex- 
ture ; yet on a ship in this state, the trussing between 
the ports alone, after those in the hold were wholly dis- 
engaged, had the effect of sustaining the immense pres* 
sure of both ends of the ship in her worst position, and 
prevented her from breaking, which she would other- 
wise have done, from three to four inches, and which 
she actually and immediately did on their being dis- 
engaged/’ 

(298.) This statement of the Portsmouth officers, 
says Sir Robert Seppings, will, I trust, be considered 
conclusive as to the benefits to be derived from the prin- 
ciple of trussing in the construction of ships; and al- 
though it was only applied from the keelson to the 
beams in the hold, and not to the ribs or frame of the 
ship, as is the case when ships are regularly built on 
this system, yet it sufficiently establishes the soundness 
of the principle. 

(299.) When the Justitia first floated, continues Sir 
Robert, after being partially trussed, as described, the 
noise occasioned by the pressure on the trusses is stated 
to have been truly terrific, until she wa9 fairly settled 011 
them. The disengaging them also caused a similar 
crush. 

(300.) A demonstration of the principle employed Demonstra- 
by Sir Robert Seppings may be seen in the XLlId 
Number of the Journal of the Royal Institution . If principles of 
through the point in which the sustaining forces meet, a the truth of 
line be drawn to represent the measure and direction of the same, 
the straining force, and on it a parallelogram be con- 
structed, as a diagonal, having its sides parallel to the sus- 
taining forces ; then if the remaining diagonal of the 
parallelogram he drawn, and through the point where the 
sustaining forces meet, another line parallel to the same, 
all the parts of the framing on the same side of this line, as 
the straining force, will be in a state of compression , and 
all those on the other side of the same line in a state of 
extension . Applying this principle to fig. 7 and 8, 
plate iii., we shall deduce tile results contained in the 
following Table. 



Nature of the Strain operating on the Timbers. 


Braces. 

Trusses. 

Upper longi- 
tudinal piece. 

Middle longi- 
tudinal piece. 

Lower longi- 
tudinal piece. 

With the braces in the fore 
body inclined aft, and 1 
those in the after body > 
inclined forward as in l 

7 J 

Extension. 

Compression. 

Extension. 

Compression. 

Compression. 

% 

With the braces in the fore 
body inclined forward, I 
and those in the afler > 
body inclined aft, as in [ 

fiff.8 ••• J 

Compression. 

Extension. 

• 

Extension. 

Extension. 

Compression. 
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Naval Ar- 
chitecture. 


More par- 
tic uUr allu- 
vion to the 
causes of 
arching. 


Investiga- 
tions of Dr. 
Young. 


The primary object of the diagonal framing is to prevent 
arching ; and if we suppose AF, in both figures, to 
represent the neutral line from which the arching pro- 
ceeds towards both extremities, it is evident that it is 
the mechanical combination represented in fig. 7 which 
can alone prevent it. For since A, ill that figure, by 
the hypothesis, is one of the neutral points of the system, 
it may be regarded as fixed ; and the tendency of arch- 
ing being to depress the points H, C and G, B,*the 
effect on the braces A C and A B will be precisely 
similar to the weights applied in the preceding investi- 
gation ; that is, to produce extension, and which is 
effectually provided for by the fastenings. The effect, 
moreover, brought at the same time into action by the 
trusses, in consequence of the disturbing force, is to 
resist, by the whole longitudinal strength of their fibres, 
all tendency to alteration of form ; so that the effect 
exerted to depress the point C, is at once resisted by the 
fastenings appertaining to the brace A C, and to the lon- 
gitudinal strength of the fibres of the truss proceeding 
from the unchangeable point F. The point E becoming, 
iu this point of view, fixed, the action of the force which 
tends to depress the point H, in common with the point 
C, is resisted by the fastenings of the longitudinal tim- 
ber A II, and by the longitudinal resistance of the fibres 
of the truss F H ; so that, provided the fastenings of 
the braces and of the upper longitudinal timber arc suf- 
ficient, and the abutments of the trusses and of the 
middle longitudinal timber are also proper, all tendency 
to arching will be resisted in proportion to the perfection 
of the materials, and the excellence of the work- 
manship. 

(301.) But. by referring to the converse disposition of 
the braces, as represented in fig. 8, it appeurs, from 
the preceding investigation, that the braces A C and 
A B are subject to compression. And since the point 
A is, by the hypothesis, the neutral or fixed point, the 
effect of the compression of the brace A C must be to 
depress the point C, and thus to promote the tendency 
to arching. Nor is this tendency to lower the point C 
prevented by the action of the truss FE; since the 
point F being fixed by the supposition, the tendency to 
extension which takes place in the truss must lower 
the point E, and thus promote the further declension 
of the point C. The point E being thus depressed, 
must add its effect to the extending force called into ac- 
tion in the truss E II, and thus produce a declension 
iu the point H. Hence the whole effect of the dis- 
turbing force is to lower every part of the frame from 
C to II, and thus to promote the arching of the vessel. 
Hence the superiority of the present system of diagonal 
framing becomes apparent, and the advantages derived 
from it are demonstrated by the small alteration of 
form which ships now undergo in the act of launching. 

(302.) It is proper, however, to advert more parti- 
cularly to some of the causes of arching, and in the first 
place to the condition of weight. There is a well-known 
and obvious inequality of the distribution of the weight 
and pressure, which, independently of all circumstances 
of construction, produce arching. It is possible, as Dr. 
Young observes, there may be cases in which a strain of 
a very different nature is produced, but in ships of war 
this tendency is universal. It is, however, very differ- 
ent in degree in the different parts of a ship ; and of 
course, still more different according to the different 
modes of distribution of the ballast and stores occurring 
in different ships. In a modern 74-gun ship, fitted for 


sea, the length being 176 feet, and the breadth 47jL Naval Ar- 
the forces in ordinary cases are thus distributed : chitecture. 


Feet. 

AVeij-ht in 
Tons. 

l*ri ssure in 
Tims. 

Ditl'cicnce in 
Tuns. 

Aftermost. 49 

699 

G27 

4- 72 

Next 20 

297 

105 

- I0S 


1216 

] 09S 

+ lls 


290 

409 

-119 


498 

401 

+ 37 

176 

3000 

3000 

00 


(303.) Now although this general distribution of the ]}btribu- 
forces may be supposed to exist, the laws of equilibrium 
will not allow us to suppose them to be concentrated in I° rcos - 
ihe middle of the respective portions, or equally distri- 
buted throughout then), still it is natural to suppose the 
excesses of weight and pressure to be arranged with as 
few abrupt changes as possible, in order that they may 
neutralize each other at the common termination of the 
adjoining portions, and to become more unequal in parts 
more remote from these neutral points. Thus the excess 
of weight in the first 49 feet being 72 tons, it may be 

144 

supposed to begin at the rate of — • tons per foot, and 

to diminish gradually and equally, so that its centre of 

49 

action will be at the distance -g- from the end. The ex- 


cess of pressure mi ust increase in the next place, until, 
at the distance of 59 feet from the stern, it becomes 

1 OB 

-y~ P er foot, aiul then diminish until it vanishes at (59, 


where the excess of weight must begin to prevail, be 
118 

coming at 94,-— per fool, and vanishing at 119. The 
6 ^ 


excess of pressure might then be supposed to increase 
gradually through the next portion, in order to avoid an 
abrupt change at its extremity ; but this supposition 
would still be insufficient, and it becomes necessary to 
imagine that for 6.0 feet the forces remain neutralized, 
and the pressure then prevails, so that its excess be- 


comes at last 


119 

0.7 


.■= 17.7 per foot. 


It must then de- 


crease for 17.5 feet, and the excess of weight at the 
extremity must become 19.7 feet, the neutral point 
being at 150.5. The equilibrium of the forces will then 
be expressed by the equation 


72 X 16.3 - 108 X 59 + 118 X 94 - 119 X 134.5 
- 155 x 144.8 + 192 X 169.5 = 0, 


which Dr. Young imagines is sufficiently accurate for 
every purpose. 

(304.) From this distribution of the forces, we 
ohtaiu a determination of the strain for each point of turn «f the 
the respective portions, which is in the joint ratio of the strain tor 
magnitudes and distances of all the forces concerned, 1 l' oin *■ 
on either side of the point, reduced into a common 
result. For the first portion it is 

72 1 144 x 3 

49 * ” 6 * 49 49’ 

x being the distance from the stern. 
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N»to 1 Ar For the second, 

cutecture. 


(■in vi* ^»rt>- 
by 

Mich a 
hlrain. 


72 (x - 16$-) - 1 . 1?? . <5— 
6 10 10 


For the third, 


J08 


72 (x - 16J) - 54 Cr - 55*) - — (* - 50)* 

+ - . . (X - wy. 

^ 6 100 1 r 

For the fourth, 

72 (x - 16.V) - • 108 (x - 59) -f i . ~ 

For the fifth, 

1 ]Q 

72 ( r - 16, V) - 10S (.r - 50) + 59 (r - 9i) + ~ 

(-«)• 


25 


25 


For the sixth, from 119 to 125.6, 

72 (r- 16 f) - 108 (r- 59) + 118 (*-94). 

For the seventh, 

72 (x - 10J) - 108 (x - 59) + 118 (x - 94) - \ . 

o 

119 (x - 125. G) 5 . 

13.4 ' lO ’ 
nml in the lust 37 feet, the strain will be expressed by 

(17« — x) 19.7 x 1(170 — x)- \ . 19.7 l 1 - 7 — ^ 

0 19.5 

Hence we find the strain, at seven points, 22 feet dis- 
tant from each other and from the ends, 605, 1993, 
2H15, 2244, 2655, 4610, and 1875; and by taking the 
differential of x in the seventh portion, we determine 
he maximum at I I 1 ^ feet, amounting to 5261 tons, 
supposed to act at t lie distance of one foot. 

(305.) in order to form an idea of the curve which 
would be produced by such a strain, acting on a uni- 
formly flexible substance, we may consider the curvature 
as icpresented by the second fluxion of the ordinate y ; 
and by finding and correcting the fluent separately for 
each portion, we may obtain the ordinate, or fall, at any 
given point corresponding to a given extent of arching 
of the whole fabric. It will, however, be sufficiently 
accurate for this purpose, lo consider the forces as con- 
centrated in a limited number of points, dividing those 
which act in the extreme portions into two parts, in 
order that the curvature may be continued to the ends ; 
so that the whole ot the forces may be thus distributed. 


At 


DiNtiincvs. 

0 

3-j 

59 

94 

134.5 

144.8 

163 

176 


Forces. 
+ 36 
+ 36 
-108 
+ 118 
-119 
-155 
+ 96 
+ 96 


The strain for each portion may then be represent 
by a — bx, whence 


, - - Naval Ar- 

y a X x — ox XX, chitecture. 

. . i 

y = axx ~ ^bx'x + cx, 

and y = i 6 * 8 + r? x + d. 

Dr. Young remarks it will be most convenient, in cal- 
culation, to make * begin anew with each portion, selling 
out from the middle, and to divide the numbers by 100, 
in order to shorten the operations. Thus, for the mid- 
dle portion, from 88 to 59, the strain will be 
.2028 + .36*, a being .2028, and b = — .36; and 
when x becomes ,22, y is .00552 ; and when £ = .29, 

y 

- =5 .0740, and y zs .0011; which values being sub- 
dr 

stituted in the equations for the next portion, wc have 
c= .074, and d = .0011. By going through the 
whole length in this manner, we find the fall at. the ex- 
tremes, and at seven equidistant intermediate points, to be, 

.08697 

.05325 

.02514 

.00552 

.00000 

.0050^ 

.02531 
.06705 
. 12325. 

If we wish to find the point at which the curve is 
parallel to the chord of the whole, we must inquire 
where c =r ( . 12325 — .08697) : l .76, which will be at 
98 feet, or 10 feet before the midships. 

(306.) To the strain which the circumstances of Effect m of 
weight and upward pressure produces, another must be rrifM-tn-i- ii 
added resulting from a cause, which, although not very jjJj 
inconsiderable, appears to have been altogether neg ,,vc 
lected before l)r. Young inquired into it; and this is, 
that partial pressure of the water in a longitudinal 
direction, affecting the lower parts of the ship only, and 
tending to compress and shorten the keel, while it has 
no immediate action on the upper decks. The pres- 
sure thus applied, must obviously occasion a curva- 
ture, if the angles made with the decks by the timbers 
arc supposed to remain unaltered, while the keel is 
shortened in the same manner as any soft and thick sub- 
stance, pressed at one edge between the fingers, will 
become concave at the part compressed. This strain, 
upon the most probable supposition respecting the com- 
parative strength of the upper and lower parts of the 
ship, must amount to more than one-third as much as 
the mean value of the former, being equivalent to the 
effect of a weight of about 1000 tons, acting on a lever 
of one foot in length, while the strain, arising from the 
unequal distribution of the weight and displacement, 
amounts where it is greatest, that is, about 37 feet from 
the head, to 5260 ; and although the strain is consider- 
ably less ftian this exactly in the middle, and through- 
out the aftermost half of the length, it is no where con- 
verted into a tendency to “sag/' or lo become concave. 

It must, however, be remembered, that when arching 
actually takes place from the operation of these forces, 
it depends upon the comparative strength of the differ- 
ent parts of the ship and their fastenings, whether the 
curvature shall vary more or less from the form, which 
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Naval Ar- resu |t s f rom the supposition of a uniform resistance 
chitfctu rc; throughout the length. 

^ (307.) Our limits will not permit us to pursue the 

analytical conditions connected with this longitudinal 
pressure ; and we can, therefore, only add that these 


Distance from the stern 

0 

22 

44 

Strain 

1247 + 0 

605 

1993 

Fall 

.04826 

.08697 

.02716 

.05325 

.01207 

.02514 


.13525 

.08041 

.03721 

For 12 inches of arching 

10.58 

6.29 

. 2.91 


Force of the (308.) Important as are the effects produced on the 

win«l and framework of the hull, when it floats quiescently on 
waves. the wa ter, their amount is greatly increased when it is 
exposed to the forces of the wind and waves. The 
effect of the wind. Dr. Young observes, is generally 
compensated by a change of the situation of the actual 
water line, so that its amount may be estimated from 
the temporary or permanent inclination of the ship; 
and the force of the waves may be more directly calcu- 
lated from their height and breadth. As a fair speci- 
men of the greatest strain likely to arise from the waves 
in any common circumstances, we may consider the case 
of a series of waves 20 feet in height, and 70 in breadth, 
their form being such, that the curvature of surface may 
be nearly proportional to the elevation or depression. 
Ilow strains The strain produced by the pressure of waves of given 
Arising frum magnitude, may be calculated from the comparison of 
displacement with respect to their surface, with the 
jiutetl. * displacement with respect to a level surface. It is 
hence found that the greatest strain takes place in a 
74-gun ship, at the distance of about 18 feet from the 
midships, amounting to about 10,000 tons, at the instant 
when the ship is in a horizontal position, while, in more 
common cases, when the waves are narrower, the strain 
will be proportionally smaller and nearer to the extre- 
mity. Ilcuce it appears, that the strain produced by 
the action of the waves may very considerably exceed in 
magnitude the more permanent forces derived from the 
ordinary distribution of the weight and pressure ; so 
that when both strains cooperate, their sum may be 
equivalent, to about 15,000 tons acting on a lever of 
one foot, and their difference, in opposite circumstances, 
to about 5000. There may, Dr. Young further ob- 
serves, possibly be cases in which the pressure of the 
waves produces a still greater effect thau this ; and it 
may also lie observed, that the agitation accompanying 
it tends to make the fastenings give way much more 
readily than they would do if nn equal force were 
applied less abruptly. At the same time, it is not pro- 
bable that this strain ever becomes so great, as to make 
the former perfectly inconsiderable in comparison with 
it, especially if we take into account the uninterrupted 
continuance of its action : it appears, therefore, to be 
highly proper that the provision made for counter- 
acting the causes of arching should be greater than for 
obviating the strain in the contrary direction ; for exam- 
ple, that if the pieces of timber intended for opposing 
them were, on account of the nature of their fastenings, 
or for any other reason, more capable of resisting com- 
pression than extension, they should be so placed as to 
act as shores rather than as ties; although it by no 
means follows, from the form which the ship assumes 
VOL. vx. 


different causes of arching beiug independent of each Naval Ar ‘ 
other in their operation, their effects will be simply chiteclurtf - 
united into a common result. Hence the whole curva- 
ture of the ship, supposing its strength equable 
throughout its length, may be thus represented. tho whole 


66 

88 

110 

132 

154 

curvature of 
176 a shqi. 

. 2815 

2224 

2655 

4610 

1875 

0 

.00302 

.00000 

.0030*2 

.01207 

.0:2716 

.04S2S 

.00552 

.00000 

.00507 

.02531 

.06705 

. 1*23*25 

.00854 

.00000 

.00309 

.03738 

7o9421 

. 17153 

.67 

,00 

.63 

2.93 

7.37 

13.42 


after once breaking, that the injury has been occasioned 
in the first instance by the immediate causes of arching; 
since, when the fastenings have been loosened by a 
force of any kind, the ship will naturally gi\e way to 
the more permanent pressure which continues to act on 
her in the state of weakness they superinduced. 

(3<»9.) The pressure of the water against the sides of Breaking 
a ship has also a tendency to produce a curvature in a 
transverse direction. This is, moreover, greatly increased verseI y- 
by the distribution of the weight, the parts near the sides 
being the heaviest, while the greatest vertical pressure 
of the water is in the neighbourhood of the keel. This 
pressure is often transmitted by the stanchions to the 
beams, so that they are forced upward* in the middle ; 
when they are unsupported, the beams are more gene- 
rally depressed in the middle, by the weight of the load 
which they sustain ; while the inequality of the pressure 
of the water cooperates with other causes in promoting 
the separation of the sides of the ship from the beams 
of the upper decks. On the other hand. Dr. Young 
observes, the weight of the main mast often prevails par- 
tially over that of the sides, so that the keel is forced rather 
downwards than upwards in the immediate neighbour- 
hood of the midships. The tendency to a transverse cur- 
vature is observable, when a ship rests on her side, in the 
opening of the joints of the planks aloft, and in their be- 
coming tighter below ; although this effect depends less 
immediately on the absolute extension and compression 
of the neighbouring parts, than on the alteration of the 
curvature of the timbers in consequence of the. pressure. 

(310.) Under such circumstances, there is, moreover, Lateral cur* 
a tendency to produce a lateral curvature, and shores vuturc ' 
are sometimes employed to prevent its effects, when a 
ship is “ hove down*' on her side. This, indeed, is 
comparatively a rare occurrence ; but when large waves 
strike a ship obliquely, they must often act in this 
manner with immense force. The elevation on one 
side may be precisely opposite to the depression on the 
other, and the strain from this cause can scarcely be less 
than the vertical strain already calculated. Its effects, 
however, are less commonly observed, because we lia\c 
not the same means of ascertaining the weakness which 
results from it, by the operation of a permanent cause. 

When a ship possesses a certain degree of flexibility, she 
may in some measure elude the violence of this force by 
giving way a little for the short interval occupied by the 
passage of the wave ; but her sailing in a rough sea 
must be impaired by such a temporary change of form. 

(311.) Dupin, in a Paper in the Phihsnphintl Invrsn'.i- 
Tranaactiom for 1817, has investigated the analytical im 

conditions of arching. By representing by r the dis- 
tance of anv part of a vessel trorn a \crtical plane, and 
3u 
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Naval Ar- by d x the thickness of the infinitely small sections parallel 
chitecture. thereto, 0 (.?■) d x denoting the weights of those sections, 
and yje (®) dx that of the water which they respectively 
displace, the integral of the total moment of the forces 
will be 

/ { x 0 (*) d x — j: y[r (.r) d x } . 

Now, in order that this function may he either a maxi- 
mum or a minimum, its variation must be zero, and 
hence we have 

S f { 1 0 ( r) d r - x i/r ( r) dx } = 0. 

In this latter expression, however, neither of the ori- 
ginal sections alters its weight; and the functions 0(. r) 
and (r) remain constant, as well as the thickness dr 
of the sections, only by removing the plane, with respect 
to which the moments are taken, to the distance 5.r, the 
section of which 0(5 j") represents the weight, and 
Y'* 0 2 ) *ts displacement. Hence we have 
0 = $ f { '/> ( r) — ¥(*)} J dx 

(S.c)-^(d r)]-f [0 (a.) — VV CO] } dx. Sx. 

Blit since the functions 0 (r) anil Y'(r) become zero, 
when we cause x to vanish, these expressions represent 
the weight and displacement of a vanishing section; 
and hence we see that 0 (5 j:) — y* (5 jc) becomes infi- 
nitely small when compared with 0(j?) — y/ (j?). 

If, therefore, the expression 0(5j?) — (5#) may 

be neglected, much more may the function 

h ['A ( 5 *) - V ($■*)] dx .i x ; 

and hence the general expression representing the con- 
dition of either the inaHimuiii or minimum of the 
moments tending to produce arching will be 

0 = 5 i f { 0 (j ) - y- (j) } d X, 

where /*0 (r) d r is the total weight of the sections 
under consideration, and J' y* (x) d x the total weight of 
the displacement of the same sections. 

(31t2.) Hence we learn, that the sum of the moments 
tending to produce arching, is either a [maximum or a 
minimum, when the weight of the part of the vessel, 
either before or behind the plane of the moments, is 
equal to the weight of the water displaced by the same 
part of the ship. 

(313.) The maximum condition may be distin- 
guished from that of the minimum, according as the 
term of the formula neglected has the same nr a con- 
trary sign from the function of the total moment 

/ { 'A CO - H> CO } x . d x, 
and the sum of the moments, with relation to the plane 
determined, will be a minimum or a maximum. 

Sin.ee, however, 0 (5 r) 5.i: is the weight of the section 
having 5 r for its thickness, and y* (5 a) 5a: the weight 
of the water displaced by the same section, the function 

i 10 (5 x) — y ' (o 0] o x , dx 
will be positive or negative, according as the weight of 
the infinitely small section commencing at the plane of 
the moments, is greater or less than the weight of the 
water displaced by the section itself. Hence Dupin 
deduced the following general theorems. 

General 1* That when a vertical plane divides a vessel into 
theorem*, two parts , so that the weight of each part is equal to 
the weight of water displaced by it , the. moments of 
those parts estimated in relation to the. same plane , to 
produce what we have denominated arching , will be 
cither a maximum ora minimum . 


II. That this effect will be a maximum , when the Naval Ar 
infinitely small section contiguous to the plane of the chitecture^ 
moments , has its own moment in a contrary direction to K - r 'r r ~ m - 
that of the total moment . 

III. Thai the effect will be a minimum when this 
section has its own moment acting in the same direction 
as the total moment . 

(314.) In order to apply these theorems to the system Applica- 
of forces adopted by Dr. Young as representing thetionsof 
conditions of the 74-gun ship before alluded to, Dupin these theo- 
assumed a line A O, fig. 9, coincident with the water's Youh^m * 
surface, and in it certain segments, A C, C E, EG, G II, h 
11 K, K M, uud M O, corresponding to the quantities in 
the first of’ the following columns. On certain of these 
segments he supposed triangular areas to be formed 
equivalent to the differences between the weights of 
the sections and their displacements as estimated by 
Dr. Young. For instance, on the segment AC he 
formed the right-angled triangle AB C = +72, below 
the water line, because the weight exceeded the pres- 
sure. On C E, also, he reared the isosceles triangle 
C 1)E = — L08, and above the same line, because the 
pressure in this case exceeded the weight. On E G, 
likewise, he formed a triangle, EFG = + 118; on 
II K the right-angled triangle, II IK = — 119; and 
lastly on K M, M O the right-angled triangles I K M, 

M O N, the former having an area of — 155, and the 
latter of + 192, the difference being +37. 


Values of tho Seg- 
ments making up 
tho total Length 
of A 0 of the Ship. 

Areas equivalent to the Differences 
between the Weights of the 
Sections and their Displacements. 

AC =49 

Surface ABC = + 72 

C E = 20 

Surface CM) E = — 108 

EG =50 

Surface EFG = -f- 118 

i CSII= 6.6 


UK = 13.4 

Surface II I K = — 119 

KM = 17.5 

Surface IKM = — 155 

M O = 19 . 5 

Surface M NO = + 192 

Total AO = 176 

i 

Total = 000 


(315.) Now, after determining the centres of gravity 
of the several triangular areas here referred to, and let- 
ting fall perpendiculars from them on the primitive line 
AO, he obtained an equation of equilibrium identical 
with that given by Dr. Young. On this equation 
Dupin makes many judicious observations. In the 
first place, he remarks, that the triangle EFG ought 
not to [be regarded as isosceles, since its vertex is the 
point in which the difference between the weight of the 
section and its displacement, is tjic greatest in this part 
of the vessel, and which ought to correspond with the 
position of the main mast. But the main mast is 
situated abaft the middle point of the vessel, and is* 
therefore, nparer the common point of origin A by 

19 feet — 09^ than the central part of the 

ship. The learned Frenchman thinks the vertex of the 
triangle C D E to be too far forward by at least 13 
feet. To make the sum of the moments vanish also. 
Dr. Young was obliged to transfer a weight of 37 tons 
from the fore part ot the ship to its displacement. 
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Navul Ar- (316.) To correct the hypothesis of Dr. Young, 
c^itecure. aU( j ft pp|y the theorems just investigated to the maxi- 
Correction mum un ^ minimum sections, Du pi a drew within the 
of (h»* hy- triangle C D E a line P7), so as to cyt off from it the 
pt (thesis of negative area CDPp, numerically equal to tlic area of 
Dr. Young, the triangle A B C. Since, therefore, the area of the 
trapezium CDPj) is by this supposition = — 72, it 
follows that the area of PpE = — 36; and similar 
triangles being to each other in the duplicate ratio of 
their homologous sides, we have 

A D d E : A P/> E : : d E 2 : p E*, 

— 36 x 10 a 

or - 54 : - 36 :: 10* : — * 

— 54 

Hence 

pE=20 y/J = 8.15; 
and, consequently, 

Ap = AE — 7 >E sk 60.85. 

If wc now take the moments of the triangle A It C, 
and the trapezium C I) P p = A C 1) K - A V p E, 
with respect to the line Pp, in which case we shall have 
for the positions of the centres of gravity 

pb = Ap - Ab = 60. S5 - 16.3 = 44.55, 
pd = dE - pE = 10 — 8.15= 1.85, 


:P E = 


= 2.72; 


and hence for the moments required the following 
results : 

44. 55 x -f 72= +3207.6 
1.65 X — 108 = - 199.8 

2.72 x - 36 = - 97.9, 

which gives for the final moment the positive quantity 
2910, indicating the tendency by which the stern of the 
vessel falls. 

(317.) If, however, in conformity to the second 
theorem, wc find that the moment of the infinitely small 
section contiguous to the plane of the moments here 
referred to, be of a contrary character to that of the de- 
finitive moment just deduced, wc shall be justified in 
concluding that the moment 2910 is absolutely the 
greatest that can be discovered ; and that the moment 
of the infinitely small section alluded to is negative, is 
apparent, on account of its partaking of (he general con- 
dition of the triangle CDE, which has all its sections 
of a less weight than the volumes of water they respect- 
ively displace, whereas the total moment by the pre- 
ceding calculation is clearly positive. 

(318.) Let us now consider the conditions of the sec- 
tions comprised between the points E and G ; and 
since the area of the triangle E F G is by the hypothesis 
greater than the area of the triangle E pT, let us sup- 
pose a line Q g to be drawn at right angles to the water’s 
surface, so as to cut off the triangle Q g E ’equal to the 
triangle EpP. To fix the position of this line, we 
have, hy means of the similar triangles VfE, QgE, 
the following proportion : 

AF/E: AAgE :: E/»: K$* 

ar o- 36x25* 
or 59 : 36 ::2o- : — -- — 

59 


Hence 

E S =150 ^=19.,, ‘ 

and, consequently, 

A g = A E + Eg =88.5. 

(319.) In order to estimate the moments of the 
triangles A D C, C 1) E, Q g E, with regard to the line 
Q ff, we shall have for the positions of the centres of 
gravity, 

g 5 = A g — A 6 = 88.5 — 16.3 = 72.2 
dg = A g — A (l = 88.5 — 59 = 29.5 

L n 19.5 

jhs = _ = 6.5, 

and for the moments required, 

72.2 x 4- 72= + 5196 
29.5 x — 10S = - 3186 

6.5 X -f 36 = + 234, 

giving for the final moment the positive quantity 2244. 

(320.) If now we consider the nature of the sections 
which are infinitely near Q g, it will be perceived that 
their weights exceed their displacements, and that their 
tendency, hence, is to produce a degree of curvature in 
the ship analogous to the moment just determined. 
Hence the moments tending to arch the ship longitudi- 
nally in Qg, at the distance of 68.5 feet aft, must by 
the theorem lie a minimum . 

(321.) In the next place, let us consider the nature 
of the sections situated between the points fl and M. 
The displacement of these sections exceed their abso- 
lve weights by a quantity equivalent to + 155 — 119, 
this amount being greater than the total result 

+ 72 — 108+ 118. 

Hence it is evident that we must cut off from the triangle 
HIM, by means of a vertical line IV r, such a triangle 
H H r as may make 

A DC + E F G - G DE - 11 R r = 0, 

and which condition furnishes for the value of the area 
of the triangle sought 

H Rr = ABC + EFG — CDE 
= 72 + 11S — 108 

= 8:2. 

Hence 

A FT IK : All Rr :: II K* : II /\ 


Naval Ar- 
chitecture. 
m+S 


119 : 82 :: 13. 4« : 


82 x 13.4- 


Whence 


Hr = 13.4 y/~= 11.21, 

and A r = A H + H r = 125. 6 + 11.21 

= 136.81. 

(32:2.) To obtain the moments of the triangles ARC, 
C D E, E F G, and II r IV with regard to the line R r, 
ww shall obtain for the positions of the centres of gravity 


r 6 = ?• A — A 6 = 

136. Hi - 16.1 

1 = 120.51 

r d = r A — A d = 

136.81 - 5!) 

= 77. *1 

r/= r A - A /= 

136. Si - 91 

= 42.81 

i r H = 

11 .‘21 

= 3.7 1 
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Naval Ar- and hence for the moments themselves 
chitecture. 

120.51 x + 72 = + 8676.72 

77.81 X - 108= - 8403. 4S 

42.81 X + 118= + 5051.58 

3.74 X — 82= - 306.68 

giving for the definitive moment, the positive number 
5018.14. 

(323.) Thus the sections infinitely near to R r, will 


have their weights less than the resistance of the water Naval Ar- 
they displace, the moments of the same sections acting ^hitecture. 
in a contrary direction to that of the total moment. ' ^ 

Hence, by the second theorem, the moment just deduced 
is a maximum . 

(324.) At the extremities of the vessel, the sum of the 
moments being zero, must furnish likewise two mini- 
mum values. Hence the maximum and minimum 
values of the moments tending to arch the vessel are 
those in the following Table : 


At zero, or the 
point A. 

At Ap = 60.85 
feet from A. 

At A <7= 88.53 
feet from A. 

At Ar= 136.81 
feet from A. 

At Ao=s 176 
feet from A. 

Minimum. 

Maximum. 

Minimum. 

Maximum. 

Minimum. 

Value of the 
moment 
= 0 . 

Value of the 
moment 
= 2910. 

Value of the 
moment 
= 2244. 

Value of the 
moment 
= 5018.44. 

Value of the 
moment 
= 0. 


(325.) If we refer to the maximum and minimum 
sections passing through A p and A </, we perceive that 
from the former to the latter there must be a continual 
declension in the value of each moment ; and that, con- 
sequently, at 88 feet from the origin at A, the magni- 
tude of the moineiit must be greater than at the distance 
of 88.53 feet from the same point where the minimum 
section exists; a conclusion, it may be remarked, agree- 
ing with the theory of Dr. Young. So, also, by refer- 
ring to the maximum sections deduced by Du pin we 
shall find them greater than the sections nearest to 
them in the investigation of Dr. Young. 

(326.) Similar analogies, however, do not exist, when 
wc compare the maximum section of Young with the 
deductions of Dupin. The former makes that section 
to exist at the distance of 141.3 feet from the after part 
of the water line, producing a strain equivalent to 5261 
tons acting at the distance of a foot; whereas the latter 
estimates the strain at a like point at 4920.3 tons. 
These investigations are far, however, from being per- 
fect. Observation joined to future applications of ana- 
lysis will be necessary to render it perfect. 

(327.) it has been very ingeniously observed, says 
Dr. Young, that arching is not only a part of the evil 
occasioned by a ship’s weakness, but that it lias ail 
immediate tendency to afford a partial remedy for the 
cause which produces it, by making the displacement 
greater at the extremities of the vessel, and smaller in 
the middle; but, in fact, this change appears to be too 
inconsiderable in its extent, to produce any material 
benefit, the strain at the midships being diminished by 
each inch of arching only 66 tons, supposed to act at one 
foot ; so that very little relief is obtained from the 
change, in comparison with the whole strain. 

Chapman'* (328.) What the views of Chapman were respecting 
views of the trussing of ships nmy be gathered from the follow- 

arching. jng extract from his Work on ships of war, and by 

which it will be seen how much superior the views of 
Seppings were to those of the Swedish ship- builder. 

(329.) If a ship were cut transversely into numerous 
parts, and each part were enclosed at its ends, so as to 
be water tight, those parts nearest the extremities of the 
ship would sink much deeper, and the middle parts rise 
higher out of the water, and thus assume a different 


form from that shown in the drawing, namely, higher ill 
midships and lower at the extremities. And as the 
form of a ship above or below the water cannot be other- 
wise than it is now, and always has been, nor can the 
situation of the weights by which the ship is pressed 
down be altered, this defect can be obviated in another 
manner than by a certain security through the whole 
length of the ship, not, however, wholly, but, in a greater 
or less degree, depending on using the best means, and 
those which cause the least inconvenience. 

(330.) In the year 1759 two vessels were built at 
Stralsund, to be used in the Frische-lraf, in a War with 
the King of Prussia, the one about 100 feet long, and 
above 20 feet in breadth, and drawing not more water 
than 7J feet: the other about 80 feet in length, and 
drawing 5£ feet water. They carried heavy armaments, 
especially at the extremities, and were made to row as 
well as sail ; and on account of this armament and 
many considerable weights, a strong combination of the 
fabric was necessary ; but although their bottoms had 
the greatest fulness which could be reasonably allowed 
to them, they could not thereby obtain a sufficient dis- 
placement. It was therefore necessary to build them with 
timbers of as small scantling as possible ; and as on this 
account they could not possess the necessary strength, 
especially in regard to their arching, the following method 
wus adopted. 

(331.) Parallel to the middle line of the vessels on 
each side, about half way between the keelson and the 
orlop clamps, a strake of oak was laid on its edge six 
inches thick, along the whole length of the hold, let 
down an inch over all the timbers, the ends of which 
extended to the deck, both forward and abafl, which 
was called the builge- strake, and which was fastened 
with bolts through the timbers and outside plank. 
Under the beams of the deck, perpendicularly over the 
builge-strakc, was fixed on its edge a strake of fir along 
the whole length of the vessel six inches thick, with a 
score one inch deep for the beams, to which it was 
bolted, and was called the longitudinal shelf. Both 
ends of this shelf lay against the timbers of the frame, 
and its lower side on the builge-strake, to which it was 
coaked, both forward and abaft, and was fastened with 
bolts through the builge-strake, timbers, and outside 
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Naval Ar- plank. Between the builge-strake and the shelf, vertical 
chitecture. oak pillars were placed, at a distance from each other 
equal to their length ; from the lower end of one pillar 
to the upper end of each following pillar was placed a 
diagonal shore of fir. See more on this subject in the 
Architecture/, Navalis Mercatoria t printed at Stockholm 
in the year 1768, and in the Treatise on Ship-building 
relating to it, printed at Stockholm in the year 1775, p. 
217; and as it was found that the object was obtained 
by the use of this diagonal trussing, all armed vessels, 
as well great as small, have had trussing in all respects 
similar to it. 

(332.) In the year 1772 an armed vessel was built at 
Stockholm about the same size as that first named, but 
instead of the vertical pillars being of oak, as in the 
former vessel, they were of fir, but in all other re- 
spects as before. Immediately the vessel was otf the 
slip it was found that it had straightened in the launch- 
ing four inches, but within twenty- four hours it re- 
covered so much of its former sheer, that the sheer was 
straightened by only two inches. When it was exa- 
mined in what manner this had taken place, it was 
found that the abutments of the shelf had pressed into 
the vertical fir pillars, nearly half an inch in some 
and it was this yielding of the timber, which in some, 
degree recovered itself, by which the arching was di- 
minished. On the lower ends of the pillars against 
the wedges little or no indentation was observed. The 
sliding plank on which the builge-wnys ran, during the 
launching, did not extend to the edge of the water, but 
terminated about a foot above it, so that when the mid- 
dle of the vessel was at the eud of the sliding plank, its 
foremost end had not the support of the water, and be- 
came balanced ; and it was just at this moment that the 
arching must have taken place. 

(333.) About the year 1789 two larger vessels were 
built, each carrying one tier of 36-pounders, but without 
any diagonal trussing. They were used in the Russian 
war, and became much arched, and when they after- 
wards required a large repair, it was found that the 
keel, which was 135 feet in length, had curved up- 
wards in midships 2J feet, oil which account the usual 
diagonal trussing in the hold was given to them. 

(334.) Suppose it be required, says Chapman, to 
make a similar disposition of security for a ship of 
the line, for instance, a ship of 110 guns, and let 
fig. 10 and 11 represent this arrangement. As this 
strengthening should be applied at the place most 
convenient, in respect to the stowage of the hold, it 
is most important to obtain a sufficient breadth for a 
certain number of water-casks, here considered to be 
four whole and one half cask on each side the keelson 
or midship pillars. If five whole casks were taken, the 
trussing would come too far out into the builge. The 
nearer it comes, also, to the middle of the ship the 
greater effect it has in preventing arching ; therefore, 
when the diameters of four whole and one half cask arc 
added together, with half the thickness of the midship 
pillar, and the whole thickness of the diagonal shores, 
it gives 19 J feet, which is the distance of the middle line 
of the ship from the outside of the diagonal shores. To 
show this trussing, the ship’s side, from one end to the 
other, as far as this trussing extends, is supposed to be 
laid open, a is the frame timbers, 6 the ceiling, c the 
riders, d the builge- strake, e the fillings between the 
riders, builge-strake, and ceiling, f the shelf under 
the beams, which being two thicknesses in breadth, 


are bolted together to give shift to each other. Over Nav.l *r. 
these are laid three strokes of deck plank of such a chitectiire. 
thickness that they can be let down one inch over the 
beams, with bolts through these beams and the shelf 
g is the vertical pillar, and h the diagonal or shore, hi 
other respects the disposition of the pillars and trusses 
&c. is as already described. * 

(33b.) It must be further remarked, that all the parts 
which belong to this trussing, and terminate at the 
extremities of the ship, are there secured in the best 
manner to the ship : therefore not only must the cuds 
of the builge-strake and shelf be coaked together at the 
extremities of the ship, but also the security there required 
is supplied by fillings lying longitudinally, which are not 
only coaked together but also to the builge-strake and 
shelf; and which extend as far as where the shelf mid 
builge-strake arc about 2 or 2J feet apart, by which the 
whole mass, namely, the shelf, filling, builge-strake, 
timbers, and outer plank, receive a sufficient number of 
bolts, which are driven from without and within, as xx. 

Likewise the fillings e under the builge-strake and be- 
tween the riders are coaked to the ceiling, and the 
builge-strake to the fillings e. The combination of this 
disposition of trussing at both extremities of the ship 
cannot always, however, be performed in the same 
manner. For example, if the trussing comes nearer to, 
or further from, the middle line of the ship, or if the ship 
has greater or less fulness at the extremities, &c., each 
of these cases requires a ditferont method, the circum- 
stance of the part to be strengthened determining the 
manner of performing it. 

(336.) This method of security, when it is well exe- 
cuted, will certainly accomplish the object. That the 
preventing arching is of consequence rnay be inferred 
hence. When a coasting vessel, which was to carry a 
considerable armament, and more than 100 feet long, 
was strengthened in this manner, the day before it was 
launched, the wedges at the lower ends of the pillars 
were for the last time driven up. When all the wedges 
at the pillars lore and aft on both sides were hardened 
up at the same time, the upper end of the keel rose so 
much from the upper block, that the block became 
loosened and movable. It should also be remarked, 
that this vessel was not deep in the hold, had only one 
deck, with light upper works and small scantlings. 

(337.) As the timber and iron work required tor this 
trussing would he equal to the weight of 1200 cubic 
feet of water, the three-decker would sink about l£ inch 
deeper in the water, by which the height of the battery 
would be so much the less ; but as this should not be 
allowed, the drawing should be altered, so that the dis- 
placement, which is =5=152,875, may become =154,075 
cubic feet. This alteration can be made as follows : 

(338.) To keep the © section and all the other sec- 
tions at the same places as before, the exponent n of the 
line of sections remains the same = 2.6385, whence the 

area of the © section is = = 1027. 20. Let 

nl 

h be a tenth of an inch longer, then h is = 13.213, 
hence B is r= 56.4; the breadth has thus obtained an 
increase of 0. 13 foot. 

(339.) The lowering of the metacentrc, which is 
caused by the increase of the displacement, is counter- 
balanced by the small increase of the breadth ; thus 
the situation of the mctacenlre is not changed. This 
brief account of the notions of the celebrated Chap- 
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Naval A r- mail, shows at* once the superiority of the plans of 
cjmvctu re. Scppings, 

On the Heads and Sterns of Vessels. 

Htmis 8 f Ul (340.) In the earliest times, the favourite emblem of 
vessels” eac ^ particular nation rarely failed to appear when any 
opportunity presented itself for its introduction. Accord- 
ingly we find the Owl constantly appeared on the Athe- 
nian prow, and the Cock, the emblem of vigilance, on those 
of the Phoenician Colonics ; and that much importance 
was attached to the formation and decoration of this part 
of a vessel, may be gathered from the abundant illustra- 
tions afforded by ancient coins. Many of the designs 
remaining to us of these ancient prows, prove their con- 
trivers to have been anxious, not only for the employ- 
ment of such improvements and inventions as had mere 
utility, or the announce of enemies to recommend 
them, but many were designed for no other purpose 
than magnificence and splendour. 

Decorations (341.) The decorations of the stern, or poop, how- 
°Ls?.nhose <,VCM ' vcr y ,mK 'l | surpassed those of the head ; and to it 
of the htudL wtre attached, at the extremity of a staff nr upright pole, 
(hose iloaliiig streamers of various colours, which have 
descended even to our present times. The cumbrous 
and expensive ornaments, therefore, which continued to 
decorate ships at the commencement of the XVIllth 
Century, may find an apology in the customs thaL pre- 
vailed two thousand years ago. 

Change in (342.) lu 1796, the Admiralty, at the head of which 
the figure-' waa p\ ir | Spencer, directed that the ponderous hauls 
shii's hi° l,r v r ,lich our ships should no longer be con- 

17%. tinued, and that the galleries and carved woik should 
be removed from their sterns. This was a great step 
towards that simplicity so much to be desired in every 
mechanical construction; but it was not till 1811, that. 
Scppings was enabled to bring the simple circular bow 
now employed into use; nor till 1816 that he proposed 
that the same system should be adopted in the stern. 
Sei’lungs'H (343.) The alteration of the how was generally re- 
8tmi ail<1 ff ari * ei * as 11 salutary improvement ; hut the change of 
the stern met with the most violent opposition, founded 
chiefly on the erroneous idea that our seamen were 
likely to run from the enemy. Other notions connected 
with beauty and deformity were urged with singular 
pertinacity ; but the unanswerable arguments founded 
on experimental evidence, satisfactorily proved to every 
unprejudiced mind, that the introduction of this change 
ot form, added considerably to the strength of the ship, 
considered as a mechanical framework ; that the safety 
ol the crew was very much increased both from the 
effects of a sea striking the stern, and from shot fired by 
an enemy ; and, moreover, that the additional means 
allnided for attr.ck and defence were very much in- 
C,caKtl1 ' S<,mc ^vitlence of the mechanical strength 
attack by * ! 1U1 ' adhered from a simple comparison of the forms 
louii.l and * n an *l 13; and of the augmented means of 

square attack or defence from fig. 14 and 15, The objections 

sterns. made as to form have been entirely obviated by the 

model proposed by Mr. Roberts; and it is satisfactory 
to find, that an impLovetncut, too long regarded w’ith 
indifference or hostility, is now likely to he adopted as a 
permanent improvement in the Rritish Navy. 

On Timber for the Navi/. 

Timber for (344.) When we survey the framework only of a 
the Na\y. single ship of war, the thought immediately occurs to 


the mind how many acres of forest trees must have been Naval Ar» 
felled in order to furnish suitable limber for its forma- chitecture. 
tion ; and when we further reflect on the slow growth of 
the oak, and on the comparatively limited surface of 
territory in our own Country covered by this noble tree, 
together with tiie enormous consumption necessary for 
the formation and maintenance of our Navy, and all the 
hosts of our commercial fleets, with all the varied require- 
ments of the useful Arts, it cannot hut become an anxious 
subject for consideration, liow these multiplied demands 
can in perpetuity be supplied. 

(345.) The public attention was first aroused to the Importance 
importance of cultivating timber, by the immortal Sylva of cultivate 
of Evelyn. “Many causes,” says Mr. Upeott in his ,,l f? tln J ber 
Preface to Evelyn’s Miscellaneous Writings, “ had ope- byEvelyn. 
rated to the diminution of our woods and forests.* Men 
were not planters but destroyers of wood, without 
thought of the future ; but the Civil wars gave a final 
blow to the work of luivock : the aged oaks, like the old 
families which owned them, were, by these enemies of 
all that was elegant and venerable, doomed to destruc- 
tion : iecling their tenure insecure, and professing them- 
selves against root and branch, either to he reimbursed 
their holy purchases, or for some other sordid respect, 
they were tempted not only to fell and cut down, but 
utterly extirpate, demolish, and raze, all those many 
goodly woods and forests, which our more prudent an- 
cestors left standing for the service of their Country.” 

The ’Work of Evelyn was the first book printed by order Evelyn’s 
of the Royal Society. “It sounded the trumpet of Sytva first 
alarm to the Nation on the condition of the woods and ^V 01 .^ . . 
forests, and awakened the landholders to a sense of SX^ofthe 
their own and their Country’s interests. lie lived to ltojnl 
know that many millions of forest trees had been pro- Society, 
pagated and planted at his instigation.*' And who cau 
estimate the benefits he conferred ? who can say, after 
reflecting on the Naval conflicts this Country has had to 
pass through since the time of that great man, how 
large a portion of our Naval glory is to be attributed 
to him?t 

(346.) During the reigns of Charles II. and Wil- Laws 
liani 111. laws were enacted for making enclosures enacted, 
in the Forest of Dean in Gloucestershire, and the 
New Forest in Hampshire; and had those wise ami inc osurt ' ' 
prudent measures been continued to be acted on with all 


* Troni the records of the Hoyal Forests, it appears that in 
1008 a survey was made of six of them. There was then found 
fit for Nuvul purposes 234,229 trees, and of decayed trees the 
enormous number of 263,145. 

t Kvelyu laboured to the end of liis long life in giving to his 
Sy/va all the perfection in his power ; and at a late period ive find 
him thus encouraging the planter with the promise of longevity : 
“ It is observed that planters are often blessed with health and old 
age. The days of a tree are the days of my people, says tho 
prophet Isaiah. litre serif) si t/riogenanus 9 and shall if God protract 
my years, and continue my health, he continually planting, till it 
skull please him to transplant me into those glorious regions above, 
planted with jierennial groves and trees bearing immortal fruit.” 
“ While Britain,” says Mr. D’lsraeli, “ retains her awful situation 
among the nations of Europe, the Sylva of Evelyn will endure 
with her triumphant oaks. It was an author in his studious 
retreat, who, easting a prophetic eye on the Age we live in, secured 
the late victories of our Naval sovereignty. Inquire at the Admi- 
ralty how the fleets of Nelson have been constructed, anil they can 
tell you that it was with the oaks which the genius of Evelyn had 
planted.” 3 

Evelyn says, “ So precious was the esteem of the oak, that of old 
there was an express law among tho Twelve Tables concerning (lie 
very gathering of the acorns, though they should be found (alien 
in unolher man’s ground.” 
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the energy our insular situation ought to have com- 
manded, much of that anxiety which the enormous 
consumption of the last war produced, could not have 
occurred. The first great advance in the price of oak 
timber took place soon after the Restoration. 

(347.) In 1771 a Committee of the House of Com- 
mons was appointed to inquire into the state of oak tim- 
ber throughout the Kingdom ; but singularly enough, 
from a difference of opinion, or defect of evidence, or 
a wish to avoid giving alarm, the Committee prayed 
to have that part of its order discharged which required 
them to report their opinion. In the following year, 
the Legislature interfered to prevent the East India 
Company from building ships in England until the 
amount of their tonnage should be reduced to 45,000 
tons, affording by inference what that opinion was. In 
1783, when the six Royal Forests alluded to in a pre- 
ceding note were surveyed, it was found that the trees 
fit for Naval purposes amounted only to 50,455, and 
decayed trees to 35,554, exhibiting a decrease from 
160ft of nearly four-fifths. Tfiere is, also, reason for 
believing that a corresponding diminution had taken 
place in all the Royal Forests. The quantity of Eng- 
lish oak timber consumed for the Navy, from October 
1760 to December J7S8, amounted to 1,276,362 loads. 

(34 H.) In 178ft the consideration of the subject was 
renewed with more energy, and a better prospect of 
success. The slate of our woods and forests had begun 
to excite the most serious inquiry in Parliament. The 
immense expenditure of wood, particularly of that tech- 
nically called compass timber, filled all thinking men 
with a well-grounded apprehension that our supply 
might fall very far short of the demand ; and this alarm 
in all probability would have been realized, hut for the 
happy introduction of iron, which during the War of 
the French Revolution had in so many ways been em- 
ployed with advantage in the practical Arts. It seems 
to have been admitted on nil hands, that prior to the 
period last adverted to, there had been a most extrava- 
gant waste of oak timber, a waste not only injurious to 
the financial resources of the Country, but also to the 
production of the article itself. Trees were felled in a 
premature state without consideration, nor was any care 
taken that their places should be supplied by a younger 
stock.* Men thought only of the present, anxious no 


* Evelyn in Ilia Letter to Mr. Aubrey remarked, that where 
goodly oaks grew and were cut down by his grandfather a hundred 
years before, beech only was then to be seen. He saw this to be 
an evil, and how has the evil multiplied and spreud since his time ! 
Arthur Young was of opinion, that in the Counties best adapted for 
tin* growth of oak, Kent, Sussex, &c. not one acre has been planted 
for fifty acres of wood-land that has been grubbed up. From the time 
of the Donusilay-bouk down to 1792 there wun a gradual diminu- 
tion of wood-land. A competent person remarked in 1813, that if 
we except the Royal Forests, and perhaps the estates of some half 
a dozen great landholders, such uh the Dukes of Devonshire, Nor- 
folk, Portlund, Newcastle, &c., it may be doubted whether any 
tiling like a regular plantation of oak timber has taken place for 
the sixty years preceding. 

It has been remarked, that the quantity of acorns which the oak 
bears, has made many people suppose, that Nature has taken care 
to renew a supply for us ; and that of this vast quantity of seed, 
which annually falls, there will always be a superabundant supply 
of young trees, growing up in the place of the old ones ; but expe- 
rience proves that this is by no means the cose. The greater num- 
ber of these fallen acorns is devoured by inuny different animals, 
for whose nourishment Nature has provided that abundance of 
them ; and of thoso which escape this fate, we are to consider how few 
can come to perfection, from the natural ucci dents to which they are 
unavoidably exposed. Acorns fall on a covered ground, where dead 


doubt for their Country’s good, but without that portion 
of wholesome cure, which in every condition of life is 
the main spring of all transcendent and long-eontinued 
exertions. The amount of private shipping had in- 
creased during the sanguinary conflict here adverted to, 
from 1,300,000 tons to 2,500,000 ; that of the East 
India Company during the same period from 79,000 
tons to 115,000; and the Navy, vising in gigantic 
power with all our difficulties, augmenting limn 4(io,000 
to 800,000 tons. And if in addition to all this we 
reflect, how greatly the manufacturing energies of the 
Country had been quickened ; how on the right luu <1 
and on the left, in districts hitherto unblest by the pre- 
sence of the Mechanical Arts, mills and enormous erec- 
tions of machinery were in abundance created ; docks, 
dock gates, slips, sluices, and piers, boats, barges, and 
bridges, in all our harbours ; the operations of mining, 
extensive coal works ; the pursuits of agriculture ; the 
construction of innumerable ha cracks ; the demands of 
the ordnance ; — in all these and many more, oak timber 
being required in an abundance unthonght of by the 
most sanguine speculator of a former Age ; — when up- 
wards of 100 sail of the line were in active commission, 
1G0 frigates, 200 stoops, besides bombs, gun-brigs, cut- 
ters, schooners, &c., together with an immense fleet in 
ordinary, performing various offices: no wonder when 
all these combined causes were in full activity and play, 
and the price of the article, the sure criterion of the 
stock ill hand, began to augment with the most rapid 
strides, that the public attention was aroused, and 
that Parliament in all right energy and power took up 
the question. It was calculated about this time that 
the whole consumption of oak for the Royal Navy, the 
East India Company, the Merchant Service, the internal 
demands for buildings of different kinds, canals, machi- 
nery, docks, &e. amounted to 4,015,000 tons. 

(349.) Accordingly in lfitlft, when the last embers of 
the hope of Peace had well nigh expired, and when men 
began to fear that a contest already unexampled in its 
fury and expense might yet be indefinitely prolonged, 
the Commissioners of Woods and Forests began to make 
active arrangements to meet the coming evil, in 1812 
they made their first Report, and afforded some dati by 
which a proper notion might be formed of our condition. 
Taking the tonnage of the Navy, said they, in 1806, at 
776,087 tons, it would require, at the rale of one load 
ami a half to a ton, the enormous quantity of 1,164,085 
loads to build such a Navy ; and supposing the average 
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leaven and decayed branches of trues usually prevent their touching 
tlie earth ; or it circumstances are more favourable, and they uro 
enabled to shoot, it is merely from the surface, where they are, 
from the slowness of their growth, liable, while very tender, to tlie 
influences of frost ; and added to this, it is very difficult for such 
tender plants ui^ the young seedlings of these to find room lor 
growth or nourishment among the roots of other trees spreading 
every way. The continual shade and want of free air also must 
render them very weakly and irregular in their growth, even sup- 
posing they are able to surmount all other difficulties. 

It is, indeed, certain, that oaks arc frequently met with among 
the underwood of forests, but this is only the case in spots whero 
there has been a vacancy or opening; and that usually, where 
there arc not, nor have at any time been oaks in the neighbourhood 
of the spot. Those trees which grow at a distance, result most 
likely from the accidental acorns hi ought thither by birds This i.-: 
an instance familiarly verified, by observing, that them .no he- 
quently little hushes neur woods, which. 1 hough of vvl.'te-lhmii, or 
other trees, are usually surrounded and ornamented W|, h young 
oaks. Jays and like car* ivorous birds are the ie.il .m'h 'i'N ot these 
crops. 
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Naval Ar- duration of a ship to be fourteen years, and there are 
chitecture. many strong reasons for believing that this is too highly 
rated, an annual amount of 83, i 4!) loads would be re- 
quired, exclusive of repairs, which they estimate at 
27,000 loads, making in the whole about 1 10,000 loads, 
towards which, however, they thought the bravery of 
British seamen might yearly atford 21,341 loads in the 
shape of prizes ;* and from other sources than British 
oak 28,659 loads might be drawn, leaving a demand of 
Aunual GO, 000 loads annually for the oak necessary for support- 
i~ n ing in its then unexampled magnitude, the whole Bri- 
this hypo- lisli Navy, including ships of war of all sorts, which 
thesis. may be regarded as equivalent to twenty 74- gun ships, 
containing one with another as constructed at that time, 
about 2000 tons, or 3000 loads of timber. 

Number of (350.) Now it has been estimated on an average, 

trees m*cua- 0 f Slic li oak trees as are necessary for constructing 
shmofVhu ships of the line, forty cover an acre of ground, 
line. Hence 50 acres of land, stocked at this rate with the 

finest trees, would he necessary for the construction of 
such a ship ; and, consequent!)’, 1000 acres for the 
twenty ships assumed as the annual consumption, 
mborof Now, the oak, slow of growth, requires at least a cen- 
»hs ir ^tu l,,l 7 to bring it to maturity ; and hence 100,000 acres 
‘L'p u] ■ ai would be required to keep up a successive supply for 
ply of maintaining a navy of 700,000 or 800,000 tons. The 
Commissioners hence observed, that as there were 
20,000,000 of acres of waste land in the Kingdom, a 
two-hundredth part set aside for planting, would at once 
furnish the whole quantity wanted for the Navy. 
Objections (351.) This computation, it lias been remarked, is 
to this com- vcr y considerably overrated. It proceeded on one great 
pu a ion. nnt ] melancholy hypothesis, — perpetual war, and an 
amount of tonnage more than double its present actual 
amount. Added to which it was ulso questioned, whe- 
ther fourteen years was not too low an estimate for the 
average duration of ships ; but after what we have seen 
of the ravages of dry rot, we prefer calculating on the 
safe side. Assuming, however, with the author of a 
statement of apparently good authority, made in the 
midst of the War, the actual tonnage kept ill commis- 


es ne- 

i»8*i ary to 

•L'p ii] < a 

]i!y of 


Objections 


he the produce of 1140 acres. Allowing, ateo, only 
90 years for the oak to arrive at perfection, there 
ought now to be standing 120,600 acres of oak 
plantation, and an annual felling and planting, ill 
perpetual rotation of 1140 acres, to meet the con- 
sumption of the Navy alone. Large as this may 
seem, it is little more than 21 acres for each County in 
England and Wales ; which is not equal to the belt sur- 
rounding the park and pleasure-grounds of many 
estates.* 

(352.) This calculation proceeds on the supposition 
that every acre of the great surface of land referred to, is 
covered with timber fit for the purposes of ship-building ; 
and that the greatest possible care is taken to nurse 
the plantations up to that, standard. It may, however, 
be reasonably doubted, if we take the average condition 
of the Country into consideration, whether more than 
one-tenth of that number could be found on a single 
acre. Adopting also the ratio fixed on by some able 
writers, that the quantity of oak timber consumed in 
the Navy is only a tenth part of the whole consumption 
of the Country, it is evident that upwards of 12,000,000 
of acres would be necessary to satisfy the whole de- 
mand. We have no means of answering the question 
whether such a quantity exists or not ; but we know, 
that long before the conclusion of the War, a scarcity 
began to be felt, especially of the larger kind of timber 
fit for ships of the line. 

(353.) This Essay is, however, written under the 
favourable circumstances of Peace, and when the diffi- 
culties we have passed through exist in our minds only 
as important Historical facts. It is our duty in a season 
of such a kind to look around, to husband our resources, 
and so to augment them as to enable us to enter with 
confidence into those untried scenes which may yet be 
in store for us. Not only is it our duty to encourage 
the growth of oaks, but also to keep our attention 
steadily directed to the timber to be found in our 
Colonial possessions. It has been truly observed, that 
the superior quality and abundance of the teak timber 
of India, and the Naval establishments in that Comi- 
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sion to be 400,000 tons, and the average duration of 
a ship of war to be 124 years, there would be required 
an annual supply of tonnage to preserve the Navy in 
this state, amounting to 32,000 tons, or 48,000 loads of 
timber. According to the hypothesis before alluded to 
of the consumption for u 74-gun ship, these 48,000 loads 
would build 8 sail of the line and 16 frigates. Allowing 
one-fourth more for casualties, the annual consumption 
would he 60,000 loads, or 40,000 full-grown trees, of 
which thirty-five will stand on an acre. The quantity 
of timber, therefore, necessary for a 74-gun ship will 
occupy 57 acres of land,t and the annual demand will 

* The splendid Naval achievements of the late War prove that 
this was not an improper supposition. During that War, England 
seemed to have swept from the Ocean the fleets of her enemies. 
There were captured or destroyed during that arduous conflict 156 
sail of the line, 382 large frigates, and 662 corvettes, in all 2506 
sail of vessels of war. It appears, also, that on the 30th September, 
1811, there were prize ships, admitted to registry, nnd added to the 
commercial Navy of Great Britain, uo less than 4023 ships, mea- 
suring 536,240 tons. 

I On the hypothesis of 35 trees growing on a single acre, it 
will require for the building of a 120-gun ship, according to the 
present inode of construction, 168 acres of land ; of an 80-gun ship 
124 acres; of a 74-gun ship 103 acres; of a 52-gun frigate 68 
acres; of a 46-gun frigate 51 4 acres; of a 28-gun ship 27 . \ acres; 
of an 18-gun corvette 18 acres; of an 18-gun brig 13J acres; of a 
10-gun brig 9g acres; of a schooner 7 acres, and of a cutter 5j 


try, are available resources for keeping up our Na\al 
strength, far too important to be in anyway neglected. 

acres. For onu ship of each of these classes, 505 acres of land 
would be necessary, stocked according to the hypothesis ad- 
verted to. 

• At the time Lord Glenbervie was Surveyor General of the 
Woods, &c„ he reckoned in his first Report that 60,000jacres might 
he obtained from the several Royal Forests; and that the remain- 
ing *10,000 might probably he found among the forest lands in the 
Duchy of Lancaster, from Need wood forest, 3000 acres of which 
weie appropriated to the Crown, from allotments to the Crown oil 
the division of wastes and commons, by purchase, or otherwise, of 
lauds locally situated within the different Royal Forests occupied 
by individuals either by legal title or by encroachments, by pur- 
chase of wood-lands from private owners, and by purchasing out, or 
refusing the renewal of, Crown leases of land containing oak cop- 
pices oi land fit for the growth of ouk. To whicli might be added 
a reservation in every Enclosure Bill of a certain proportion to be set 
apart fi r the express purpose of planting oaks, besides an obliga- 
tory clause to plant oaks in the fences at limited distances. His 
Lordship also thought that the 100,000 acres should he enclosed and 
planted at the rate ol‘ about 4000 acres annually, which would 
complete the whole in about 25 yeftjp. The present and inter- 
mediate supply will be obtniued from timber now ready for felling, 
and in its different stages in the Royal Forests, on pnvnlc estates, 
from thinnings of the new plantations for inferior purposes, by im- 
portations of foreign oak, and by the use of other kinds of timber. 
At the tune this Report was drawn up 35,000 acres had already 
been appropriated in this way ; and since that tune our energies 
have not been slackened. 
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The supply which the forests of India yield, if not 
made use of in ship-building, must, like many other re- 
sources of that splendid region, be entirely lost to the 
nation. 

(354.) The teak forests are in the Ghauts of the inte- 
rior, both to the Northwurd and Southward of Bombay, 
but chiefly in the latter direction. Lord Wellesley was 
the first, in consequence of a communication from Lord 
Melville, to cause the teak forests of Western India to 
be examined, and measures were adopted for procuring 
a regular supply from them. The PJast India Company 
purchased various wood-lands, and the supply seems 
now inexhaustible. 

(355.) The quality of teak is in many respects pre- 
ferable to that of oak for ship-building. Alternate ex- 
posure to a verticul sun, and to the drenching rain of 
the wet monsoons, which would rend in pieces Euro- 
pean oal# produces no injurious effects upon teak. 
Many of the upright timbers for securing the stays in 
the Old Docks at Bombay have stood more than ibrty 
years with paint or tar, and in 1812 were still as perfect 
as when first erected. A piece of the same wood also, 
taken out of a gate of one of Tippoo’s forts in Canara, 
which had been exposed to every change of weather for 
more than Haifa century, when brought to Bombay was 
ascertained to be unimpaired, with nails, which hud se- 
cured it, quite free from corrosion or rust, and as sound 
as when first driven. The Turkish flag ship ut Bussorah 
was built by Nadir Shah, and after seventy years, when 
examined at Bombay, was found perfectly sound. The 
Hercules of 485 tons, built at the same place in 1763, 
when captured by the French in 1783, was entire in 
every part; and the Milford of G79 tons, after constant 
employment between China and Europe lor 24 years, 
was examined, and no timber found which required 
shifting. Her teak main mast continued in her twenty- 
one years, when, being partially sprung, it was converted 
into a main mast for a smaller vessel. Teak possesses 
the valuable property of preserving iron, while ouk de- 
stroys it. A piece of teak plank, which had been bolted 
to the side of the Chiffone frigate, was removed at the 
end of eight years. That part of the iron bolt buried in 
the teak was found perfectly good, whereas that which 
had been in the oak was totally corroded. 

(356.) Much lias been said in favour of larch for the 
purposes of ship-building. So fully was the Empress 
Catherine impressed with its value, that the exportation 
of it from Russia was at one time prohibited. The 
rapidity of its growth is so great, that it has been found 
to double in diameter that of the oak in the same given 
time, and hence to produce four times the quantity of 
timber. From several experiments it has been found 
not inferior in strength, toughness, and elasticity to oak. 
The Dukes of Athol and Montrose, Lord Fife, and 
several other great landholders in Scotland, have made 
very extensive plantations of this tree and the Scotch fir, 
which are rapidly rising into magnificent forests, ami 
will enable us in future years to diminish the consump- 
tion of our native oak. 

(357.) Trinidad contuins about a million and a half 
of acres, two-thirds of which, at least, are covered with 
wood, and wholly the€^roperty of -the Crown. The 
Spanish peons, nr labourers, are extremely dexterous at 
felling and squaring timber, and work at a cheap rate. 
In Catiada,,Nova Scotia, and New Brunswick, also, we 
possess immense forests abounding with ouk for ship- 
building. With all these Colonial resources, added to 
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our own domestic supplies, and the great attention now 
paid to the rearing of the oak in our Royal Forests, we 
have little fear of obtaining an abundant quantity when- 
ever the warlike energies of the nation niny be again 
called into exercise. 
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(358.) In the Mediterranean Islands, in the Morea, in 
Albania, Dalmatia, and Croatia, the finest oak timber, 
in point of size and shape, is most abundant. 

(359.) Tn the Annates Maritime* for June 1828 is a Report uf 
Report of a Commission charged by the French Govern- French 
merit with the examinationof woods imported from Africa. C’owwm*. 
Of the cail ccdra it was said, that though less flexible, su,n ,,u 
it is tougher than oak, and being as strong, without ll,ubl1 ’* 
being heavier, may he quite as advantageously employed 
in Naval construction. The gonakicr , almost as ilexihle 
as oak, und at the same time possessing one half more 
strength and toughness, is better calculated for the 
frames of ships. The dethard , of equal strength with 
oak, is more flexible, hut has not so much elasticity. It 
appears very well adapted for planking, and as a substi- 
tute for compass timber. The turtosa has rather less 
flexibility than oak, but is superior to it in every other 
respect. 

(360.) For many purposes, if timber have strength Timber 
and durability, it possesses every necessary quality ; but Mut.it 1« for 
there are some applications of wood in which other qua- »»avt- 
lities are necessary, such as flexibility, elasticity, and 
lightness. This is particularly the case in mast-making, 
a branch of ship-building on which the most important 
considerations depend. If a mast possesses so great a 
degree of rigidity as not to yield to the sudden shocks to 
which it is subject, it must soon become fractured ; and 
if its resilience when bent be not sufficient to cause it to 
recover its true position, it is rendered weaker at every 
impulse. 

(361.) The timber commonly used for masts is fir and F, r um ] 
pine, distinguished according to the character of their pine, 
leaves and cones. By masi-inakcrs it is distinguished 
by the name of the place from which it is imported, as 
the Norway and Riga firs, Canada red and white pines, 

&c. According to Mr. Finchum, the timber that pus- 
sesses in the greatest degree the qualities best suited for mi va- 
inasting, is the pinns silvcslris (Jcnevvmis vulgaris, iietii**. 
abounding in the vast forests of Russia, Norway, and 
Poland. The most esteemed is from the Ukraine and 
Livonia, and is brought down the Dwinn. It is com- 
monly called Riga from the port from which it is shipped, 
in the same vvuy as the Adriatic fir derives its name fmm 
being shipped in the Adriatic. The different firs and 
pines, besides those of the North, used for masting the 
Royal Navy of Great Britain, and likewise to u great 
extent her commercial Navy, are principally those from 
Canada, with some from Nova Scotia, and a few from 
Scotland. The timber from Canada consists chiefly of 
the pinus slrcbus> or what is commonly called the Wey- 
mouth, or white masting pine ; and the white, red, and 
black spruce, pinus Canadensis . The Scotch fir, pinus 
silvcslris , is common in the Highlands of Scotland, as 
well as in Norway, Denmark, and Sweden. 

(362.) Standing masts are geucrully made of yellow Further re- 
pine, and topmasts of A*d. The white, red, and black n,!irk, ». <» ri 
spruce are but little employed, excepting for small spars, ^ 

The Adriatic fir is frequently used tor the masts of j* lllt>> 
cutters and other small vessels, but its qualities are not IWi. 
very good. Timber denominated Poon has been par- 
tially used for masting ships built in India; am! the 
Cowrie brought from New Zealand has been employed 
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Naval Ar- for small standing masts, and for topmasts even for a 
chitccture. first-rate. This lutter possesses many of the most 
~ ~ esteemed qualities for masting. 

(363.) The French, according to Forfait and others, 
have received considerable supplies from Corsica, from 
the Pyrenees, from Catalonia, Savoy, from the neigh- 
bour hood of Mont Blanc, Puy de Dome, and Cantal. 
These firs, however, contain but little resinous matter. 
The heart is porous and the grain close, aud their flexi- 
bility is but very trifling. They soon become dry and 
break under very slight strains. 

Turks from (304.) The Turks obtain excellent firs from the 
shores of shores of the Black Sea. They are commonly of the 
Black Sc, i. S p ec j es denominated pinu* pinea , and pinus laricis . 
ticaUl!ill C " They are hut little inferior to the trees of the North. 

(365.) It requires great practical skill and experience 
to judge of the qualities of any kind of wood. Jn the 
selection of firs for masting, the climate, aspect, and soil 
in which they grow must be attentively considered. To 
judge of the qualities of trees while standing, is the duty 
of those employed in the forests; while the mast-maker 
makes his selection from the trees when felled, and 
judges of them as timber. The most desirable firs have 
a fine and close grain, with the ligneous layers closely 
blended together, and their annual concentric circles 
finely and firmly connected, decreasing gradually from 
the heart to the sap. The nearer these layers approach 
to circles or ellipses, the less likely is the timber to be 
defective. They are, generally, highly charged with 
resin, giving strength and elasticity, preserving the 
timber from insects, and preventing fermentation aud 
decay. The colour should be of a clear or bright yel- 
low, with a reddish cast alternately. The smell of Riga 
and other firs of this quality, should be strongly resi- 
nous, especially when they are exposed to the sun, or 
their shavings are rubbed between the fingers. In cases 
where the layers are open, with pale red tints near the 
heart, and white spots intermixed ; or where they are of 
a dark red colour with the resinous particles of a black- 
ish colour, the timber is in a state of decay. When firs 
are cut transversely, and not of an uniform colour, but 
interspersed with veins, and the smell is entirely gone 
or become fetid, they may be considered as past their 
prime, and approaching a state of decay. In some yel- 
low and red pines, the degree of unsound ness is indicated 
by the oflensiveness of the smell, uvid alternate layers of 
a foxy-brown, or red colour, will break out before the 
sharpest plane on being wrought. 

(366.) The experienced mast-maker, says Mr. 
expei H-nced Fiucham, forms his opinion of the quality of a stick, not 
mast-nmker only from the colour, smell, and appearance of the grain, 
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but also by its working ; for as a stick is more or less 
fragile, the greater ov less difficulty he has in separating 
its parts, as he chops them off. If the timber is good, 
its parts, on being separated, appear stringy, and oppose 
a strong adhesion, and the shavings from the plane will 
bear to be twisted two or three times round the fingers ; 
whereas, if the stick be of a bad quality, or in a state of 
decay, and has lost its resinous qualities, the chips and 
shavings come off short and brittle, and with much 
greater ease. * 

(867.) Those kinds of timber that have but little or 
no resin, and whose colour is of a whitish or light brown 
cast, and are of rather a coarse grain, as the Adriatic, 
Norway, &c., will, as they become dry, though they 
maintain their strength and resilience for a considerable 
time, he so rigid that they will ulways be subject to 


break, by any sudden impulse, without warning, espe- Naval Ar- 
cially if they are kept in dry stores for a long time. chitecture. 

(368.) The Riga and other timbers containing a pro- 
per quantity of resin, and the red pine, from the fine- 
ness and closeness of its grain, and the adhesiveness of 
its fibre, not only maintain their resilience, but their 
strength and flexibility much longer, even to a dry 
state. 

(369.) The Cowrie possesses advantages over most 
other timber, from the 6rmness of its grain, and the 
uniformity of its texture. The experiments which have 
been made on this timber, compared with the Riga, 

Dantzic, and other esteemed firs, justify i he conclusion 
that it possesses equally good qualities with these tim- 
bers, for all the purposes for which they are generally 
used. When exposed to the weather, it appears less 
liable to shrink, and stands equally well with them. The 
Cowrie spars that have been brought to F/tglund, ap- 
pear but a little beyond saplings, since many of the full 
grown trees are said to exceed 30 feet in girth, and to 
continue the full size to nearly 60 feet from the ground. 

Their common diameter is from three to six feet, and 
their length frequently from 90 to 100 feet clear of 
branches. 

(370.) These are some of the results which long 
practical experience affords, and are the only solid 
groundworks of improvement in the Mechanical Arts. 

In the various applications of timber, and in none more 
so than in mast-making, accurate experience is of the 
greatest importance. The Philosopher, as lie passes 
through a workshop, learns to value men who, at every 
step, may afford him some useful information ; some- 
thing probably which had been handed down by tradi- 
tion from one generation of workmen to another, but 
with which he is not acquainted. And that knowledge 
of this kind is indispensable, if be wishes to gain an 
accurate acquaintance with the Arts of life, will be rea- 
dily conceded by him whose mind has been properly 
disciplined and trained ; who regards all the practical 
Arts as helpmates to Science ; and as the only cer- 
tain foundations for the very best departments of our 
knowledge. 

Dry Rot , and other Sources of Decay, 

(371.) One of the most formidable evils the Navy of Dry rot, 
England has had to contend with is the dry rot ; a subtle & c « 
enemy, more terrible than the bullets of the greatest 
cannon, decomposing the fibres of timber, depriving the 
largest trees of ull their strength, and in a few years 
reducing the whole fabric of the noblest vessel to a mass 
of dry dust. « 

(372.) It has been reserved for our days to see Great deve- 
this destructive agent developc itself with gigantic 
power, attacking many of our modern built houses, 
and sapping with irresistible energy our finest built 
ships. The inquiring mind naturally* asks, how 
vessels built half a century ago are more durable 
than those constructed at the present time; to what 
circumstance it is to be attributed that the beautiful 
roof of Westminster Hall is as sound and as perfect 
as on the day it was built ,*#kvhy the mansions and 
Baronial halls of the olden time seem destined to sur- Masts, 
vive the modern built villa ; why some of our oldest 
ships should exhibit fewer elements of decay than the 
vessels on which all the resources of Modern Art have 
been bestowed ? 
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(373.) There can be no doubt that this disease, 
whatever it be, — for its nature and cure seem almost 
equally unknown, must have been coeval with timber 
trees themselves, though not known by its present name, 
or exhibiting so formidable examples of its power, 
until about the middle of the last Century.* About 
the year 18l0*t however, the public attention was first 
seriously awakened to its importance, in consequence of 
the Queen Charlotte, a noble first-rate ship of war, hav- 
ing been launched at Deptford, sent round to Plymouth 
under jury masts in 1811, found too rotten to be sea- 
worthy, and in the following year undergoing a repair, 
amounting, it is said, to £30,000. All her upper 
works wer$ infected with dry rot; the ends of her 
beams, carlings, and ledges, and the joinings of her 
planks being covered with a mouldy, fibrous, and re- 
ticulated crust, the portions of her timbers so covered 
being altogether rotten. It would be endless to enu- 
merate the abundant speculations to which this remark- 
able occurrence gave birth. Theovies of its origin, 
remedies for its cure were offered on all sides; and 
while the severest critic could not but applaud the 
zeal and patriotic spirit which animated their authors, 
the melancholy conviction was forced on his attention, 
that neither for one nor the other was any sound or 
rational opinion offered. 

(374.) Among other objects of discussion was the in- 
quiry whether the common rot and the dry rot were the 
same; and it was soon perceived that the two were 
essentially different, — different in their origin, and very 
different in their modes of operation. The common 
rot, it was remarked, is a gradual decay of the fibre of 
the wood, more or less accelerated by the uncertain 
action of wind, heat, and moisture on its surface ; its 
progress internally being greatest when the timber is 
constantly exposed to alternations of wet and drought, 
as exemplified in the rapid decay of that part of a post 
which is close to the surface of the earth, while all 
above and below is perfectly sound ; ami least, when 
constantly soaked in water, or kept constantly dry, 
exposed to a free current of air, or excluded entirely 
from it. 

(375.) The dry rot, on the contrary, commences its 
ravages internally, and is but little affected by any 
external circumstance, excepting that of heat. Its ex- 
ternal characters are differently described by different 
observers. By some a fine mouldy coating has been 
observed to spread over the wood, of a brownish-yellow 
or dirty white, which soon begins to resemble in form 
and structure some of the beautiful ramified algos or sea- 
weeds. This iu a little time becomes more compact, the 
iutcrstices being so completely filled up as to give to the 
whole the appearance of leather. By others it has been 
represented as fibres runuing over the surface in endless 
ramifications, resembling the nervous fibres of leaves ; 
the interstices being filled with a spongy-like substance 
assuming the character of that order of Cryptogamous 


* Mr. Knowles, in his inquiry into the means which have been 
taken to preserve the Navy, cites the 14th Chapter of Leviticus , in 
which dry rot is accurately described under the name of “ leprosy 
in houses," and the same remedies directed to be applied, which 
have been practised with smeess in our own time. That dry rot 
also existed in the latter part of the XVI 1th Century may be in- 
ferred from Mr. Pepys, who gathered toad stools in their holds “ as 
big as bis fists/* 

f Tlie term “ dry rot" was not inserted in any official document 
earlier than 1808. 


plants distinguished by the name of/i/ngi/'.* Acurcl- Naval 4r- 
ing to Mr. Wade, the wood at first* swells ; alter some chitociure. 
time it changes its colour, and then emits gases which -v-— - 
have a mouldy or musty smell. In more advanced 
stages, the wood cracks transversely, and in its latter 
stages becomes pulverulent, forming vegetable earth ; 
and, generally, in some of these staler, of decay, the dif- 
ferent species of fungus are found to vegetate on the 
mass. 

(37(5.) These appearances do not, however, inva- iy lvmit ilt 
riably huppen, the surface of the diseased timber some- its appear- 
times remaining unchanged, while the process of rotting *nc*. 
is going on within ; and however sound the surface 
may be, the whole of the exterior fibres become decom- 
posed, presenting a mass of dust inclosed within n thin 
external shell. No charring of the surface, no external 
application of paint, tar, or varnish, will step its ravages 
where the seeds of the dry rot exist in a situation favour- 
able for their growth, though the external character of 
numldiness may by such means be prevented from ap- 
pearing on the surface. 

(377.) This terribly destructive agent was discovered 
in all our harbours, and sapping the vitals of our ships 
more or less, wherever they were found on the sea. 

From the bc«t information that can be gathered, it up- Rapid con- 
pears, that to the rapid construction of our ships during struct ion of 
the lule War, may be attributed their very extraordinary 
decay. When Lord Spencer quitted the Admiralty in 
1801, it has been generally supposed that he left an ** y 
efficient fleet, but this was by no means the ease. It 
was numerous indeed, but many of the ships were nearly 
worn out. Lord St. Vincent, his successor, determiner! Lord St. 
to build no more ships in merchants' yards, and the Vincent de- 
King's yards were almost wholly occupied in patching j‘ ,r 1 inil,ui1 
up those actually in commission, and those brought for- ,ml ‘* U J\ 
ward from the ordinary. In 1804, when Lord Mel- ill nler- 
ville succeeded to the Admiralty, the Navy was wholi) chant 0 
inadequate to the situation of the Country ; scarcely one yards, 
of the ships in commission having more than three years 
to run, most of them but two, and many only one ; a Dangerous 
few, and but a few, new ones were slowly coming for- state of tho 
ward in the King’s yards, and none in the merchants’ ^ ,lV y irt 
yards. Thus circumstanced, recourse was had to pri- j ia ,{ McIp- 
vate builders, who were wholly unprepared with mate- v ^n t . c J, nl . 
rials. Contracts, however, were entered into at ad- polled to 
vanced prices, the axe was set to work, and trees which Knv rt- 
were one year growing in the forest, were in the next 
floating on the ocean ; and up to the termination of the 
Wur, so closely did the demand press upon the supply, 
that few, if any, ships were built in the Royal yards with 


* The Author of this Essay, early in life, had a book-case with 
close doors in its lower part, in a study on the ground- floor r jf a 
new house. Into this lower compartment of the book-ca 9 e. he 
had put a number of books he was not in the habit of using, 
together with many MSS. The doors were not opened for many 
mouths, but one day finding it necessary to refer to some Work, 
he opened the doors* and to his great amazement saw every opening 
filled with the most beautiful varieties of fungus. On examining 
the hooks, some of them crumbled beneath tho slightest touch ; 
and between all their leaves, the finest layers of a very tluu 
leather-like substance were found. This substance had removed 
all traces of writingfrom many of the MSS., and many fell into 
the finest powder. The lower part of the hook case was completely 
rotten, ana on examining the wood-work of the house, such us tho 
lower partitions, floors stairs. See., nearly the whole was found 
completely decayed. In a short time the staircase must have 
been broken down even by n little child treading on it, so active 
had been the work of destruction. Ho lost, several rare and 
valuable Works, and some importont MSS. on this occasion. 

3 if 2 
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\ ual Ar- well-sensoned timber. Hence the probable origin of an 
ciwtectiins evil, which at one time filled the stoutest hearts with 
dismay, and reparation of the ravuges of which has cost 
the Country millions. 

Scarcity of (378.) The scarcity of our own noble oak contributed 
oak. greatly to accelerate this fearful state of things. Its 
employment in the same vessel in a seasoned and un- 
Mixing (Vif- seasoned state, and its mixture with different kinds of 
iVrvnt kinds foreign timber, led to the most disastrous results. The 
»>l wood in- Queen Charlotte before adverted to was nearly seven 
Seasoned y earB building. Of the timber employed in her con- 
wit h un- sl ruction, some was seasoned and some quite green, 

seasoned. Port of it consisted of Canada oak, and part of pitch 
pine, both peculiarly susceptible of dry rot. Her 
timbers were covered with as many species of the bole- 
tus as there were different kinds of wood employed in 
Varieties of her construction. During our long protracted War we 
woudem- had line of battle ships constructed in the Hoyal Dock- 
mi?l)ock )» rc,s <?,,tirt,| y from Holstein, and frigates in the 

v!riU ° C same establishments altogether of fir imported from the 

during the Baltic. Iii the river Thames, also, we had gun-brigs 
War. liiiilt of this latter material, and numerous frigates of 
the red pine, pitch pine, and yellow pine of America. At 
Bombay, Calcutta, and Cochin, ships of the line and 
vessels of other classes were formed wholly from teak. 
At Prince of Wales's Inland, frigates were constructed of 
the different sorts of wood abounding iu that Island; at 
Halifax, ships of birch, red pine, and oak; at Bermuda 
numerous vessels entirely of cedar. The Athol, also, 
was built ill England entirely of larch. From Sierra 
Leone, timber was imported for ship-building. Of these 
varieties, leak is the most durable, and the red pine of 
America the least so. Frigates framed from this latter 
wood seldom lasted longer than four or five years. 
Examples (379.) As practically authentic examples of the evils 
of lm<l resulting from the careless employment of unseasoned 
building, timber, — of bad workmanship unchecked by vigilant 

superintending officers, — as examples, we fear we may 
say, of those tremendous frauds, which to a greater or 
less degree prevailed in most of our public departments 
at this time, we select from a host that might he adduced 
the following. The Rodney, line of battle ship, built in 
the private yard of Barnard, was launched in 1909. 
She had scarcely put to sen, when, owing to the un- 
seasoned state of her timber, nil her planks became 
loose, and it was necessary to bring her home from the 
Mediterranean in 18 J 2 to be paid off.* The three 

* The resident overseer who in such cases superintended the 
building of a ship, was what was then denominated a quartermau, 
one degree above a common carpenter, at a salary from XI 60 to 
£180 a year. This person was appointed to overlook und to 
check the work of a Body of men, who were not very easily con- 
trolled. It was stated in evidence, before the Select Committee 
of the House of Commous appointed to inquire into the subject, 
that a common shipwright then earned a guinea a day in job 
work. It was hardly to be expected, therefore, that an officer with 
so small a salary could resist the combinations of men gaining 
wages so high, particularly when joined by all tbe weight and in- 
fluence of tbe contractors. The t nspretion, therefore, was a nullity. 
It was utterly impossible for one individual to examine minutely 
into all the operations of the great number of men employed at the 
same time on the different parts of so large a machine as a 74-gun 
ship. While superintending the work of one gang on one side of 
the ship, another gang may be employed, to adopt the strong lan- 
guage of a Quarterly Reviewer, “ clenching devils,' 1 ' as they did in 
the Albion ; or driving 11 short bolts,'* as was the case in the Ardent; 
or filling up bolt holes and the rifts in shaky timber with paint und 
putty. 

Equally unsatisfactory was the resurvey of the ship when she was 
received into the King's yards. Wc quote the reply of the builder 


Kings master- shipwrights, who examined her, re- Naval Ar* 
ported that they found a bolt in the chock of a beam chitoc ture. 
not passing through the ship’s side, and that a hole 
bored for a bolt had only putty put into it. The Dub- Disgracefu 
li n, built in Brent’s yard, was launched in February workman- 
1812, put in commission in the following August, sent ih, P # 
upon a cruise towards Madeiru and the Western Islands 
in December, from which she returned to Plymouth in 
February 1813, in so dreadful a state, that she was 
ordered to be paid off. The officers of the Plymouth 
yard stated in their report of this ship, that “ her defects 
exceeded any tiling they had ever witnessed in a new 
ship." 

(380.) An idea of the enormous cost of repairs may Enormous 
be gathered from the following brief Table, part only of ^ rs ° re * 
a catalogue which fills the mind with the deepest indig- 
nation : 



When 

First 

Time of Ser- 
vice before 

Cost of 

When 


Built. 

Cost. 

being docked. 

Repairs. 

paid o If. 

Superb . . 

1798 

£38,647 

Yru. Mon. 

2 6 

£47,283 

1809 

Ajax. . . . 

1798 

39,039 

0 

5 

26,683 

25,646 

1802 

Achilla . 

1798 

38,450 

1 

5 

1802 

Spencer . 

1800 

36,249 

2 

9 

43,748 

1802 


In two cases out of the four the repairs considerably ex- 
ceeded the original costs of the vessels. The survey- 
ing officer who superintended the building of the Ajax, 


and his assistants when called on to explain their conduct with 
regard to the Rodney. 

‘‘ The Rodney was carefully inspected by us in the usual manner, 
und reported that, us fur as practicable for us to form un opinion, 
the works appeared to be executed in n workmunhke manner, und 
agreeably to the terms of the contruct ; but it is not pasoM r far us 
to form any opinion of the interna / parts of the t rork t which can be 
known only to those who inspect the whole of the work in the pro- 
gress of building.” 

How very imperfect an estimate is to be formed from the survey 
of a ship may be collected from tho following fact: four 74-gun 
ships, the Resolution, the Thunderer, the Monarch, and the Cul- 
loilen, were examined by tbe Dock-yard officers, and reported as tit 
to be cut down and converted into raz£es to be employed against 
the large American frigates. They were taken in succession into 
dock for that purpose, but rvery one of them, on being opened, was 
found unfit for further service, and ordered to be broken up. 

That a better system was employed in the King's yards there 
can be no doubt, and if tlie ships built in tho Royal Dock-yards 
decayed, it arose from the material ncccssurily employed, and not 
from defective workmanship. In practical shipbuilding we sur- 
pass every other people ; and a good judge of this kind of 
carpentry need only wulk through our Dock-yards, and minutely 
inspect the ships there building uud repairing, to be convinced that 
the most careful attention is bestowed on this importuut particular. 
There is, indeed, so complete a system of inspection and responsi- 
bility, as to make it quite impossible to slur over the workmanship 
in the same slovenly manner as was done in the private yards. 
The master-shipwright is churgcd with the general und unremit- 
ting superintendence of all the works in each yurd ; his assistants 
superintend and control the foremen ; they iu their turn check the 
leading men, and the leading men arc responsible for the divisions 
under them. Tho foremen, being salary officers, have no partici- 
pation in the earnings of the gang, no interest in the work being 
slovenly or rapidly performed. On the contrary, thS highest re- 
sponsibility rests on them for its proper execution. An account is 
taken of every timber and plank that enters the ship, of every hole 
that is bored, every bolt that is clenched, and every treenail that is 
driven. The hours of labour are precisely regulated. Every* ship- 
wright must be punctual in his attendance, and decent and orderly 
in his behaviour ; and hence it is no fault of the workmen, or of 
the officers who superintend them, if the ships built in the Royal 
Dock-yards decay. They can only convert the timber that is in 
store. The responsibility of providing proper materials rests with 
a higher quarter: in the' times we are alluding to with the Navy 
Board, at the present time, now that that Board is abolished, with 
the Admiralty. 
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Naval Ar- stated in justification of his conduct, “ That the unfit- 
chitecture. negs an d bad quality of the timber used ill that ship, 
neither were, nor could be discovered by the surveying 
officers of the yard, as the defects (if any) were always 
hid by putty, and the surfaces of the beams, knees, 
riders, &c., covered over with three coats of paint. 1 '* 


* The magnitude of the evils existing at this time in our ship- 
building, will amply apologize for tho following Reports of the sur- 
veying officers of Chathum yard on the state of the Albion, built 
in a merchant’s yard, and alluded to in a former note. Such 
Reports ought to read a lesson of the strongest kind to the future 
inanagjrs of our Navy. 

Extract of a Copy of a Letter to the Navy Board, C fiat ham yard , 
April 1, 1811. 

The Albion under repair in this yard, from her extraordinary 
defects, calls for a minuto inspection, and a particular description 
of the causes that may be discovered, that have led to such uncom- 
mon complaints, in order to prevent similar occurrences. 

We have taken a strake out of her bottom, at the run of the 
first and second futtock heads, when we discovered that the usual 
mode of fastening the plank by single and double boring the tim- 
bers alternately has nut been attended to, a large portion of the 
timbers being only single bored, of course the ship has been de- 
prived of a considerable quantity of fastenings, and the treenails 
that are driven appear much crippled from the strain that has been 
upon them ; the plank at. the run of the second futtock heads in par- 
ticular, is not generally in contact with the timbers, nor was it in tho 
first instance, for we discover that it is not in places the proper 
thickness. 

The butts of the wales and the materials above are drawn apart 
in many places by the hogging of thu ship, so that recourse has 
been had to the letting in of pieces at the butts, to make tho 
calking stand. 

In the hold, the foot waling was, from the orlop clamps down, a 
mass of defective matter ; we, in consequence, unbolted the riders, 
and took it out, when wo discovered tho timbers of the frame and 
the opening sodden with filth. Ilud the ship been sunk in mud, 
her state could not have been worse ; in places sbe appears to have 
been a prey to insects of different descriptions, for some of the 
openings were absolutely full of their remains. 

In unbolting the riders, hooks, and crutches, wo found many 
bolts broken, some short, and a few termed devils , or in other words 
false clenches ; in tho crutches we also found severul holts ragged, 
which we imugined was dono in consequence of their being for an 
uuger of a larger diameter than the bolt required, as rope yarns 
were wrapped round the holts so served. A piece of gun-deck 
spirketiug, and also a shift of foot waling was discovered to be 
chopped in, teimed a Spanish burn. 

The stern frame of the ship is fallen aft many inches, which 
inay he seen by the carling under the gun-deck beam which rises 
to The throat of the deck transoms. 

The thwnrtship’s arms of the knees of the various decks are 
twisted froih tho sides of tho beams, many of them sprung so as to 
he of little use to the ship, and a considerable quantify of the 
fore and uft holts broken, many of the beams defective, and de- 
parted considerably from their original round, particularly the 
orlop ; in fact, this ship presents a fabric of complete debility , 
arising principally from the insufficiency « f the workmanship . 

With respect to the devil butts, as they are termed, or false 
clenches, we conceive the act so truly criminal, that we are humbly 
of opinion, that the Legislature should provide a punishment pro- 
portionate to tho offence. 

If it is judged proper to enact a penalty to prevent accidents in 
cases where the common stages are loaded with passengers beyond 
a limited number, of how much more consequence is it to prevent 
acts which may ho tho destruction of hundreds l 

(Signed.) R. Sewings. K. F. Hbm.tbu. W. Hunt. 
Joseph Si’rck, I i Queen, 

Thom is Parrott, > Carpenters of the < Ramillics, 
Richard Prick, j (Albion. 

The warrant for the Navy Hoard ordering the repairs of this 
ship did not, it seems, embrace all that was necessary to be done ; 
upon which the surveying officers again addressed the Board, us 
follows : 

Wo can with great truth assure your Honourable Board, that 
our reason for making the representation was grounded on no other 
motive than that of doing our duty in a case where great neglect 
hat taken place, from which the Government hat sustained a consi- 
derable loss, and a ship's company narrowly escaped shipwreck. 

We had flattered ourselves that our survey would have met with 


(381.) In the Journal of Lord Sandwich's visitation Ai- 
of the Dock-yards in 1771, the following passage occurs ch,Kcluu * 
“ Went on hoard the Ardent, found her itwi total decay 
her timber and plank rotted almost universally. Tins 
ship was built at Hull in 1764, and never was at sea; hyU the 
her prime cost was about £23,000, and her repairs are Journal « i 
now estimated at £17,000. The cause of the great D»rdt\.»d- 
dccay of this ship is attributed to her being hastily wicll ‘ 
built. *’ His Lordship adds: “no more ships to be 
built at Hull. 19 Happy would it have been for the 
Country could this injunction respecting Hull have 
been extended in an after time to all the private >ards in 
the Kingdom ; or if the necessities of the Kingdom 
required their assistance, thut an effectual superintend- 
ence of them had been rigidly enforced. 

(382.) We have had so many examples of great du- M.inv 
rability in our Navy, that our regret ut these instances *x.mipi*s 
of decay, cannot but be augmented when we reflect on ‘; r k 1 ™ 1 
them. The Royal William, a first-rate, built at Ports- ^ sw. fy 
mouth in 1719, was among the ships sent to the relief Ruyal 
of Gibraltar in 1782, and afier the lapse of nearly a MiUium. 
century, bore the flug of the Port Admiral at Spithead. 

The breaking up of this fine old ship was an object of 
considerable curiosity. Various reasons had been 
assigned for her extraordinary durability. It was sup- 
posed that her timber had undergone some artificial 
seasoning, that the plank and thick stuff had been burned 
instead of kilned, the ends and surfaces of the various 
parts charred, and that the process of mail creeping or 
gouging out, in crooked channels the surfaces of the 
timbers and planks, was made use of to give a free cir- 
culation of air. It is understood, however, that no indi- 
cations of charring, burning, or snail creeping could be 
traced, und that her timbers had undergone no other 
preparation than that of time and the weather. This 
remarkable vessel was built by Mr. Nash, and he took 
particular care when building her to employ only well- 
seasoned materials. It is also a singular fact in the 
history of this ship, that owing to an ignoble jealousy 
which existed between her builder and Sir Jacob Aek- 
worth, Sir Jacob endeavouring in all things to lessen 
the merit of Mr. Nash, the Royal William was not for 


your Honourable Board’s approbation, and so we humbly conceive 
it would, but we suspect representations have been made to conn 1 tr- 
act what we have slated ; if that be the case, we should be happy to 
meet those on the spot that have advanced a contrary doctinic. 
Our suspicions that a different report has been given, arho from ti e 
mode of repair )Ou have been plcata’d to direct; und which mode 
we consider has been adopted in consequence of represent.it ions 
made by the assistant surveyor of the Navy, who has, with tlui 
merchant ship-butldcrs, visited this yard since our statement. 

We have opened her abaft since our survey, by which we have dis- 
covered great additional deficiency of workmanship, and should con- 
trary opinions have been given to that we have udvunced, we are 
of opinion, those that have offered them should come and view the 
ship. 

(Signed.) R. Srppinub. E. P. Hellykr. \V. lit nt. 

These horrible devils are not confined to the . Albion . In tho sur- 
veying officers’ reports on the Ardent is tho following passage: 
Several of the fore anil aft bolts of the gun, upper, mid qmirter 
decks, ulso the forecastle, worked wholly out. and others partly so, 
in consequence of many of the bolts being short ; seme that worked 
out were only five inches, and others nine inches long. 

(Signed.) Joseph Tucker. J.Ancku.. 

Edward Ch cue him,. James Jauoi.. 

The portion of the second Report, alluding to representations 
having been marie to counteract the statements that hud been 
afforded hy the distinguished ship-builders whoso names arc attached 
to it, shows at once the nature of the influence that was excited, and 
goes fur to explain the iiL.nninable practices that pievuilcd in these 
private yards where King's ships were building. 
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X.ival Ar- ninny years employed, and even si decree was on one 
chitcrturo. 0 ccaniou made lor making; her a hospital ship. “Thus,” 
said Lord Sandwich, “ that ship which has proved to be 
of as {rood qualities as any ship that was ever built, was 
lost to the public for many years, owing; to a jealousy and 
ill will between two officers. Such feelings arc the ruin 
of many great undertakings, and in the public depart' 
inents ought to be checked in every possible way.” 
Sovereign (383.) The Sovereign of the Seas, afterwards named 
oi the Sens, the Royal Sovereign, was built at Woolwich in 1637, 
and stood forty-seven years* service. The Barfieur was 
built at Chatham in 1768, and in 1812 was still a good 
ship and under repair for further service. The Mon- 
tague was launched at Chatham in 1779. After under- 
going several repairs, she carried the flag of Admiral 
Sir Manly Dixon, the “ Hero of the Lion’ 1 as he is called 
by the sailors, at Rio Janeiro. How different these 
examples from the Ocean, the Foudroyant, the St. Do- 
mingo, the Rodnev, the Ajax, the Albion, and many 
others, which were falling to pieces within five years alter 
launching, and some of them in less than three ! 

(384.) It is a consolatory reflection, however, after 
the really appalling considerations we have felt it our 
duty to go through, to state, that at the present time, 
the state of the British Navy is such as to warrant the 
most complete satisfaction in the general efficiency and 
soundness of our ships. The constant assertions of 
those authorities, whose situations make them neces- 
sarily acquainted with the general state of the Navy, 
and whose unremitting attention renders them most 
intimately acquainted with the minutest details of his 
Majesty's ships, are abundantly sufficient to remove 
every fear which its condition fifteen or twenty years ago 
could not but inspire. 

(385.) This great and desirable change has been 
brought about by various prerant ionary measures 
adopted by the late Navy Board, after reviewing all the 
pluus that had been proposed by different ingenious in- 
dividuals.* The methods at present adopted in his 
Majesty’s Dock-yords for the preservation of timber, are 
such as have been suggested by an examination of its 
nature, and the circumstances under which it is placed 
in ships, and which have been proved by experience to 
have been well calculated to produce this desirable effect. 
The principal of these— the plucing timber under roofs, 
mid keeping the logs apart from each other, is found 
an excellent method of seasoning timber, by admit- 
ting a free circulation of air without an exposure to 
the rain. Immersion of timber in water also is found to 
of timber in be an expeditious method of drawing out the juices of 

BoltVat l *r woo< * » an< * sn ^ water has been preferred to fresh, 

Bd wa er. f)n acconn | p 0 f the antiputrescent power of salt, which, 

though less effective on vegetable than on animal matter, 
Removing is useful in checking the decay of timber. Also taking 
bl, P # off’ the sap, which speedily becomes rotten, uiul preveut- 


Fnvau- 

tiou.iry 

thrit have 

been 

udoptud. 


Pl.H'lllg 
limber un- 
der roofs 
and not in 
contact. 
Immersion 


* Wo are far from applying to those plans, and to thoir nuthors, 
those terms of indiscriminate censure which by many writers have 
been so abundantly directed to them. It is true that ninny, per- 
haps the great majority of them, were visionary, hut their authors 
deserve at least the praise of endeavouring to do well, and of 
checking an alarming evil. What would have been our condition, 
had the public felt no interest in the welfare of its Navy, had the 
national spirit been so degraded, so morbid, and so dead, that it 
regarded neither the destruction of the natural bulwarks of the 
Country, nor the consequences to which so fearful a state ^ things 
must have led P ThU keen interest respecting our political state, 
and the maintenance of our national gloiy and honour, is Burely 
ua index of a healthy state of the public mind. 


ing the communication of the decay to the adjoining Naval Ar- 
hetirt wood. Covering, likewise, the surfaces of timber cliitectme. 
with mineral tar or paint, thereby keeping the timber 
from being rent by the air, and preventing the seed of 
the fungus, which may be in the outer la mi me of the 
timber, from vegetating, by the exclusion of the atmo- 
spheric air from iU It is also particularly useful when 
two kinds of timber are brought together, by preventing 
the fermentation which would arise from the union of 
different vegetable principles. The injection of tar and Injection of 
whitening into ships' bottoms, has been found also of tar - 
very great benefit in preserving the timbers, by its pre- 
venting effectually the growth of the fungus ; the open- 
ings between the timbers, which would otherwise he 
imperfectly filled, and the rents iu the timbers, in which 
places the seed of the fungus would be most likely to 
vegetate, being by this means completely filled, the air, 
so necessary to vegetation, is excluded. It is probable 
that the great advantages of the injected tar, &c., into 
the interstices of the wood, are not yet fully known. 

(386.) In addition to these preventives, ships are Building 
built and repaired under roofs, thereby preventing the and repair- 
rain from settling in the rents of the timbers and the * n K 
openings between them. In the ships in ordinary, also, uu irlu0 s * 
particular attention 1ms been paid to their preservation, 
by erecting temporary roofh ovei them, taking down 
parts of the bulk heads in the hold, and leaving out 
streaks in the decks and openings in the tru&s work, 
between the ports, to promote a free circulation of air. 

(387.) It is proper to observe, however, that the Free eur- 
estabhshment of a free current of air through a ship, runts of air. 
though of very great advantage in preventing decay, is, 
nevertheless, attended with the disad\antage of causing 
the timber to shrink, thereby impairing the strength of 
the fabric, by destroying in some degree the beuefits 
arising from fitting the pieces of work closely together, 
technically called ” faying well.” The maximum ad- 
vantage is therefore obtained by giving such a circula- 
tion of air as may be sufficient to prevent decay, without 
causing the timber to shrink too much. Kxpei ience is 
lending fast towards the discovery of the proper limit, 
towards which this principle may be carried with the 
greatest advantage to the service. 

(3S8.) The oak timber produced in the forests of German 
Germany is remarkably subject to the dry rot. Hence oak timber 
the ships iu the Scheldt, during the hitter part of Buo- 
naparte’s career, were rapidlv advancing in rottenness ° ru ' 
from this cause. The Chatham, a 74-gun ship, lmu the 
dry rot in her timbers when taken from thr stocks in the 
Dock-yard of Flushing. The Rivoli, juut off the stocks, 
at Malamacca near Venice, was also in the same state. 

This lutter ship was built of oak cut from the Eastern 
shores of the Adriatic.* Foreign ships, therefore, are 


* It is remarkable that the Rivoli was built of oak which had 
been paid lor by this Country, and brought down to the sea-coast 
at our expense to be shipped for England. The defection of 
Austria at this juncture put the French however into possession of 
it, the timber having been unfortunately placed in a most conve- 
nient situation for the use of their Naval Arsenal near Venice. 
Though the English paid for the timber, the French paid for 
putting it together and fitting out the ship. 

The Rivoii was floated out of the harbour over the bar that 
crosses the passage about midway, by means of a camel or water- 
tight box, resembling those used at Amsterdam and St. Petuce- 
burgh. The departure of the ship was anxiously watched by Cap- 
tain John Talbot, in the Victorious of 74 guns, and the Weaxle 
brig of 18 guns, Captain Andrews. The English ship* arrived off 
Venice on the 16th of March, 181*2, and on the 21st got sight of 
the Rivoli. She was attended by a large ship, two brigs, aud two 
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as much subject to the inroads of dry rot as our own ; 
and we may perhaps say, more so. 

(3S9.) Ships, however, are subject to other causes of 
deoay, besides those already enumerated. Marine ani- 
mals attack the plunking in every vulnerable part, and 
sometimes occasion the most alarming evils. In some 
climates, particularly in the East and West Indies, on 
the coast of Africa, and in the Mediterranean, the de- 
struction of timber is found to be much more rapid than 
in others, from the abundance of these animals infesting 
those seas. The danger to be apprehended from them 
there is very great ; and indeed it is every where unsafe 
to allow any part of u ship’s bottom to remain unpro- 
tected from their attacks. 

(390.) According to Mr. Willcox the most destruc- 
tive of these-marine animals are the Teredo, the Phobia, 
and the Lepisma. The former genus is most to he 
dreaded, and is said to have been originally imported 
from India It penetrates the hardest wood, und in- 
creases gradually in 6i/.e as it proceeds in the work of 
destruction, until the part attacked by it frequently be- 
comes like a honeycomb. It is but rarely that they 
bore through, although they frequently approach the 
inner surface within a very short distance, leaving a sub- 
stance not. thicker than the twentieth of an inch from the 
inside. There is an instance connected with the Sceptre 
of 7 1 guns, which fully proves the extreme danger of their 
attacks. .'Iiis vessel left Bombay tor England in 1807, 
and atn*r bet.ig me time on her passage, was obliged 
to return in consequence of a serious leak proceeding 
from her how. Or examining her, it was found to have 
resulted from some of the copper having been rubbed 
otf, and the parts oi the bottom and the gripe thereby 
exposed being attacked by the Teredo, which hud pe- 
netrated the e places to so great an extent as to render 


gun-bout* steering towards the port of Kota, in Istria. The Vic- 
t odors and WVa/.le gave chase, uml at u quarter pust four in the 
morning, the Weazle being a head, brought the two brigs to 
net ion. '♦ five, the Victorious being within pistol-shot of the 
Kivoli, a lurin' i<j action began. Soon after, one of the enemy's 
brigs blow tt; sod at daylight, Captain Talbot saw the Weazle ill 
clidhc of .. ' ouier, but recalled her, perceiving she did not gain 
iq on Ihc enemy. The other ships and the gun-boats were not in 
. ij'bt, and the contending shins hi ing in seven fathoms water, oft* 
the 'oint ot Gran, Caitein i'albut thought the brig would lie of 
more service near him, in case of either ship getting on shuic. 
Captain Andrews placed his biig within pistol shot on the how of 
the Kuoli and gave her three broadsides. It wus now nearly calm, 
and the act '.on had lasted four hours. The tire of the enemy was 
very faint, and at u ryiarter before nine she surrendered. She bore 
11-* broad pendant « l Commodore Barrc, the Commander-in-chief 
of the enemy’s torce in the Adriatic. 

At no period of the a lion were the two line of battle ships at a 
greater distance than half musket shot from each other. The 
Commodore did not surrender until nearly two hours after his ship 
had become unmanageable, llis mizen mast fell just before he 
struck his colours, when his c upturn, most of his officers, und 400 
of his men were killed or wounded. The loss on hoard the Vic- 
torious also was very great. She had 42 men killed and 99 
wounded. The Rivoli hud on board 892 men at the commence- 
ment of the action, hut the Victorious no more than 512, of whom 
60 were in the sick list. Cuptaiu Talbot received a medal for this 
action, and, subsequently, was mad j a Knight of the Bath. Captain 
Andrews was made Post, and Lieutenant Peake of the Victorious 
a Commander. It is a curious fact, t'lAt after the valuation of 
the Kivoli, no less a sum than £13,000 was deducted from the 
proceeds for damages done to the ship in action.-— Brenton, Naval 
History. 

Thus .though we at first lost the timber which had been paid for 
by British money, by the defection of Austria from the common 
cause, the gallantry of British sailors added the ship which had 
been copstrw'ted with French money to the Navy of England, with 
a large sliure of glory in addition. 


her quite unsafe to pursue her voyngo, without putting Naval Ar- 
on new plunks on the bottom, ami shifting- tlu* grip” rhitecture. 
The species of Teredo most commonly found in ship's ' 

bottoms is the Teredo Navalis . 

On the Tonnage of Shijjs. 

(391.) The rule commonly employed for finding the Tonnage, 
tonnage of ships is opeu to the most formidable objec- t)»*g»» P »»f 
tions. Founded on error, it opens a door to deccp- xh * l' 11,811 * 
tion and fraud, and even the good qualities of merchant 
ships have been sacrificed to the desire of obtaining ex- 
cessive ladings, which this rule largely encourages. It 
owes its origin to the 13 Geo. 111. cap. 74, which de- 
clares that “ the length shall be taken in a straight line 
along the rabbet of the keel of the ship; from the buek 
of the main stern post to a perpendicular line from the 
fore part of the main step under the bowsprit. The 
breadth, also, shall be taken from the outside of the out- 
side plank, in the broadest part of the ship, either above 
or below the main wales, exclusive of all manner of 
doubling planks that may be wrought upon the sides of 
the ship.* 1 In cases in which it may be necessary to ascer- 
tain the tonnage of vessels afloat, it was further declared 
by 26 Geo. III. cap. 60, that to obtain the length, the 
measurer is to “ drop a plumb line over the stern of the 
ship, and measure the distance between such line and 
the after part of the stern post, at the loadwater murk ; 
then measure from the top of the said plumb line in a 
parallel direction with the water, to a perpendicular 
point immediately over the lourlwater mark, at the fore 
port of the main stem, subtracting from such admea- 
surement the above distance ; the remainder will be the 
ship’s extreme length, from which is to be deducted 
three inches for every foot of the load draft of water for 
the rake abaft.*' Then by 13 Geo. 111. cap. 74, and 
26 Geo. III. cap. 60, 41 from the length taken in either 
of the ways above mentioned, subtract three-filtho of the 
breadth taken as above, the remainder is esteemed the 
just length of the keel to find the tonnage; then mul- 
tiply this length by the breadth, and that product by 
half the breadth, and dividing by 94, the quotient is 
deemed the true contents of the 

(392.) This rule expressed iu algebraic language,— Algebr.n'c 
the only language in which rules should at any time be 1 
delivered, is 

r „ B _ 

LxBx- Lxy 

94 = 94 ’ 

where L represents the length, and B the breadth. 

(393.) By this rule the whole of the vast tonnage of 
the British Naval and Commercial Marine is computed. 
Instances without number might be given of the errors 


* According to Mr. Parsons, the origin of this rule is as follows: 
A body floating in a fluid displaces a volume of that fluid, the 
weight of which is equal to the whole weight of the flouting body. 
This displacement must always bear some relation to the piincipul 
dimensions of a ship, denoted here by L, B, and I). It has been 
found, thatm vessels of rather full forms, the displacement esti- 
mated in cubic (eet of sea water, is equal to sixty iwohundiedtln. of 
the product of these three dimeuoiuns ; which being divided by 35, 
the number of cubic feet of salt wuter in a ton, will ghe 

L X B X P X . 62 
35 ~ 


for the displacement in tons. 

The draught of men ot war is generally about 


half the extreme 
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Naval Ar- it occasions. Even by calculating the tonnage of the 
chitecturc. same vessel by the two methods above given, tlie results 
will be very different. Thus if we take the cutter given 
by Mr. Parsons in hi9 Scales of Displacement of the 
British Navy , and apply the first method, the length to 
lie taken will be 52.25 feet, and the tonnage l(i0 tons ; 
but if measuired by the second method, which involves 
the length of the water line, and is here found to be 
50.4 feet, the tonnage will amount only to 154 tons. 
If, moreover, the rake of the stern post be increased, and 
the rake of the stern diminished, the water line remain- 
ing unaltered, the length by the keel will bp only 48.5 
Instil nee of feet, and the tonnage 148 tons. And supposing on the 
it® errors*, contrary the rake of the stern post to be diminished, and 
the rate of the stern increased, the length by the keel 
will then be 58 feet, and the tonnage 177 tons. But 
all the cases when measured afloat, or by the water line, 
will give a tonnage of 154 tons. Thus in so small a 
vessel as a cutter, a variation of 29 tons may be made in 
the register of the vessel, without any sensible differ- 
ence in its real capacity, while the absolute weight this 
vessel can carry under all the above circumstances 
amounts only to 90 tons. 

' (394.) In like manner the length of the keel may be 

constant, and the water line vary, by altering the ruke 
of the stern and stern post. Even the form of the head 
of the rudder will alter the tonnage of a vessel ; for if a 
round headed rudder be substituted for one of a square 
headed form, the back part of the post being taken off to 
receive the round head, the water line becomes imme- 
diately shortened, and the tonnage, as a necessary con- 
sequence, diminished. 

(395.) It has been observed, also, that by omitting 
the draught of water in the rule, the practice of increasing 
the depth has become general, by which means vessels 
arc capable of carrying a greater burthen without in- 
creasing the tonnage ;* nor is this the only defect, a far 
greater one exisiing by omitting to take the form of 
the vessel into consideration. This error in the 
rule operates to such an extent at the present time, 
as to make the register tonnage of merchant vessels 


breadth of the ship, and at the time of the formation of the rule, 
the same relation probably existed in merchant ships. If, there- 
H 

fore, — he substituted for D, the preceding expression will hecoma 

m 


Lx 


B® 


X.62 


35 


and as the weight of the hull, stores, Ac., was generally about two- 
tifths of thu whole weight, leaving three-fifths for the weight of the 
cargo, we shall further obtain 


-X? 

35 X 5 ~ !U 


for the burthen in tons, which is the.comraon rule. 

* It is a curious fuct, that a slop, which, in the port of London, 
was put into dock for the purpose of being raised upon, so as to 
increase the capacity of stowage, before going into dock, udmea- 
sured more than after she had been ratted upon, although by the 
alteration she acquired the capacity of carrying nearly 1 00 tons 
more tliau sire could have done previously to such alteration. On 
re-survey, she measured test when she came out of dock, than under 
her old register, although 100 tons larger. The ship in being 
raised upon was rather narrowed in her width ; the consequence 
of which was, that the increased depth of hold not being included 
in the calculation of her tonnage, she became less in tonnage by 
admeasurement to what she was at the time of the original register 
being granted. Edinburgh Review, No. 90. p. 4iG. 


amount generally to two-thirds only their absolute Naval Ar- 
burden. This excess of the absolute burden above ahitecturc. 
the register tonnage, results entirely from the form, and 
is found to vary in almost every vessel, even where the 
principal dimensions are the same; and as the present 
rule for tonnage is entirely independent of the form of 
the vessel, the excess is entirely exempt from dues. 

Should the dues be laid on the apparent tonnage, with 
reference to this excess, the objection will not be re- 
moved, since the excess is not constant. The register 
tonnage of men of war is considerably greater than their 
absolute burden. 

(396.) These, and similar methods, open a boundless liow the 
scope for evasion and fraud, according to the peculiar rule may 
views of the builder or owner of the ship. This is, at 1,0 
once, a sufficient reason why the rule should be im- 
proved ; for where can be the wisdom of that legisla- 
tion winch opens a door to dissimulation and deceit in 
any form ? 

(397.) Different nations employ different rules for Method 
the admeasurement of tonnage. The French add the employed 
length of the deck taken between the rabbets to that of 
the straight line of the keel, and take half their sum. rencl * 
This quantity is multiplied by the greatest breadth at the 
midship beam, and that product by the depth of hold and 
height between the lower and upper decks, the whole 
product being divided by 94. If the vessel has only 
one deck, the greatest length of the vessel i9 multiplied 
by the greatest breadth in midships, and that product by 
the greatest height, the whole being divided by 94. 

This rule is simple, but very erroneous. A certain 
depth of the vessel is taken as a third dimension, but it 
is altogether independent of the immersion produced by 
the lading, viz. the depth from the load to the light 
water line, and which is most essential to be considered. 

This depth, it is evident, may vary very considerably in 
two vessels whose ladings are the same. One may be 
much deeper than the other, from a greater rise of floor, 
the total displacements of the two vessels remaining the 
same ; and this depth may also vary from the decks 
being placed at different heights in the two vessels. 

The different forms of body are also totally neglected in 
this method of measurement. 

(399.) The Chinese take only two dimensions lor Method of 
finding the tonnage of ships, the length from the ceutre the Chi- 
o f the wizen mast to the centre of the fore mast, and the n0Be * 
extreme breadth close behind the main mast. These 
dimensions are multiplied together, and the result divided 
by 10 gives the tonnage. This method of measuring 
shipping for the purpose of charging duty is very favour- 
able to large ships. 

(399.) For measuring the tonnage of merchant ships Method of 
in the United States of America, the 64th section of an the Amo- 
Act of Congress, approved March 2, 1799, dcclured, ncRni * 

“ That to ascertain the tonnage of any ship or vessel, 
the surveyor, or such other person as may be appointed 
by the collector of the district to measure the same, shall, if 
the said ship or vessel be double-decked, take the length 
thereof from the fore part of the main stem, to the afler 
part of the stern post, above the upper deck, the breadth 
thereof at the broadest part above the main wales, half 
of which breadth shall be accounted the depth of such 
vessel ; and shall then deduct from the length three-fifths 
of the breadth, multiply the remainder by the breadth, 
and the product by the depth, and shall divide this last 
product by 95, the quotient whereof shall be' deemed 
the true contents or tonnage of such ship or vessel* 
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Naval Ar- And if such ship or vessel be single-decked, the said 

chitecture. S u rV eyor, or other person, shall lake the length and 
breadth as above directed, in respect to a double-decked 
ship or vessel ; shall deduct from the said length three - 
fifths of the breadth, and taking the depth from the 
under side of the deck-plank to the ceiling in the hold, 
shall multiply and divide as aforesaid ; and the quo- 
tient shall be deemed the tonnage of such ship or vessel.” 

(400.) These rules appear to have been derived from 
the English and French rules: the first, for double- 
decked vessels, being nearly the same as the English, 
and the latter, for single-decked vessels, being nearly 
the same as the French. They respectively possess the 
inaccuracies of each, with the additional error of being 
inconsistent with each other. 

Swedudi (401.) In 1778 the Swedish government adopted 
1 the following rule : 

“ 1. All mensuration is to be done by the Swedish 
foot, and the vessel's burden is to be marked down in 
lasts, each to be considered in weight equal to 18 skep- 
pund, iron weight, or eighteen times 320 pounds Swedish. 

2. The vessel's length is to be measured on the highest 
water line, when loaded, from the fore part of the rabbet 
of the stem to the aft part of the rabbet of the stern post. 

3. The ship’s breadth is to be measured in midships 
without board, close up to the main wale. 4. The 
height is to be measured from the surface of the water 
without board, up to that mark which determines how 
deeply the vessel will swim when completely loaded. 

5. These three admeasurements are to be multiplied 
together, and the product divided by 112, should the 
vessel be of the usual shape, and neither too full nor too 
sharp at the stem and stern. If the vessel is sharper, the 
divisor must then be greater, and if fuller a little less, as 
pointed out to the measurer in the separate instructions. 

6. If the necessary provision, water, wood, and uten- 
sils for the voyage be not on board when the ship is 
measured, and which weight does not actually belong to 
the burden the vessel is measured to carry, it is then 
necessary to deduct from the calculated burden of lasts 
as follows : — on a vessel of 350 lasts is allowed 11 lasts 


found ; but it is best to measure the vessel before it is Naval Ar. 
ballasted, if convenient. 12. The ship's measurer hav- chitecruro. 
ing duly considered the foregoing circumstances, and in s -^v— ^ 
consequence thereof ascertained the vessel's proper ton- 
nage to a certain depth, fore and aft, when loaded, he is 
theu to make an entry of the foregoing in the book of 
admeasurements given him for that purpose, which 
book is run through and sealed with the seals of the 
Court of Aldermen and Custom House : he is also to 
enter the number of lasts requisite to immerse the ves- 
sel, progressively, from one foot at the beginning of the 
loading till when completed, and also to set down how 
deep she lies fore and aft when unloaded. He isy to de- 
liver copies of the same, with specific calculations, ad- 
measurements, and deductions of all this, to the Court 
of Aldermen and Board of Customs, within two days 
after measured, that the same may be examined ami 
sanctioned. 13. Should there be any thing to be ob- 
served by the parties, the same must be made known at 
the respective places, within eight days after the delivery, 
at the expiration of which time the ship's register will 
be made out, and the approved calculation of the mea- 
surer annexed to the same, and to be kept on board as 
the ship's inventory. The same is to be entered, with 
all the calculations, in bound paged books, and alpha 
bets thereunto annexed, in the Court of Aldermeu and at 
the Custom House. 14. Whereas vessels, when old, and 
soaked through by the water, cannot carry so much as 
when new, it is therefore requisite to measure the vessel 
every tenth year, in like manner as expressed in the 
twelfth section." 

(402.) In the instructions alluded to in the fifth sec- Biviiioiw 
lion, vessels are supposed to be divided into seven 
classes, according to their fulness or sharpness; and c 
corresponding divisors are given, obtained by calcula- 
tions from different vessels. These divisors vary for the 
whole depth immersed by the lading, from 104 for the 
fullest, to 122 for the sharpest vessel ; and the divisors 
to be used near the load water line vary from 98 to 104, 
and near the light water line, or discharging line, from 
108 to 133. 


deduction; (corresponding deductions are given for 
vessels decreasing in burden from 350 to 40 lasts ;) and 
so on in proportion, in such vessels as are not coinci- 
dent with the above denomination. But should any of 
the articles mentioned be on board, the deduction will 
be less in proportion. 7. Should one or more of the 
necessary cables not be on board when the vessel is 
measured, the following deductions arc to be made : for 
an 18-inch cable 25 skeppund, iron weight. (The 
deductions for smaller cables, down to a four-inch cable, 
are specified.) 8. Should one or more anchors be 
wanting, their weight is to be deducted in proportion to 
the vessel's size. 9. If the vessel's sails are not on 
board, the deduction from its number of lasts is to be as 
follows: on a vessel of 350 lasts, 14 skeppund, iron 
weight. (Corresponding deductions for the sails of 
smaller vessels, down to those of 40 lasts, are given.) 
And less in proportion when fewer sails are wanting. 
10. If the vessel is built to carry guns constantly, and 
that none, or part of them only, are on board, a deduc- 
tion for cannon, carriages, gun-tackling, &c. is to be 
made as follows : for a 12-pounder, with its requisites, 
13 skeppund, iron weight (with corresponding deduc- 
tions for smaller guns.) 11. Should the vessel, when 
measured, have its ballast on hoard, then that weight 
must be ascertained, and added to the number of lasts 

VOL. VI. 


(403.) Mr. Morgan remarks on this rule, that it is 
strictly correct in principle, and that the only error which 
can arise in practice, is in the divisor being left to the 
determination of the measurer. A skilful measurer, 
after great practice, will be able to determine the divisor 
with ease and certainty. 

(404.) Mr. Parkin has given two rules for calculating Rules of _ 
the tonnage of ships, published in The Shipwright's ^ r * 
VadeMecum: one for ships of the Royal Navy, and 
the other for merchant ships. The following is his rule 
for merchant ships: — 1. “ Find the length of the lower 
deck, from the rabbet of the stem to the rabbet of 
the stern post, and take ^4 of this length for the 
keel for tonnage . 2. To the extreme breadth add 
the length of the lower deck, and take ^ of this sum 
for the depth for tonnage . 3. Set up this depth from 

the limber stroke, and at that height take a breadth 
also from out to out of the plank at dead flat. Take 
two more breadths, one at two-thirds, and the other at 
one-third of the height. Add the extreme breadth and 
these three breadths together, and take one- fourth of 
the sum for the breadth for tonnage. 4. Multiply the 
length, depth, and breadth for tonnage continually 
together, and divide the resulting product by 3flJ, 
which will give the burden in tons." This rule seems 
to make a little approach towards the true measure- 
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Naval Ar- ment of tonnage, but it is not founded on correct prin- 
chitecture. ciples. 

(405.) In 1792 Chapman furnished two rules on this 
ruletF nmn B ' m P ortant subject- The first was an approximate rule, 
ri * e *' relating to the payment lor the building of ships. “ The 
coat of a ship/' he says, “ is nearly in proportion to its 
outer surface multiplied by the thickness of its sides ; 
but as this thickness may be considered in proportion to 
one of the dimensions, so it may be judged that the pro- 
duct of the length, breadth, and depth gives the propor- 
tional costs. A difficulty, nevertheless, attends this, 
because the length and breadth can be precisely fixed, 


This divisor, 452, is subject to alteration according to Naval Ar- 
circumstances. chitecture. 

(406 ) Chapman’s other rule is for the correct deter- 
mination of the weight of the lading a ship carries. 

This rule is similar to that given by the Swedish Go- 
vernment, except that the divisors are adapted to the 
English ton, instead of the Swedish skippund. He 
gives a table for ten classes of vessels according to the 
fulness or sharpness of their bodies, in which the divisors 
vary from 89 in the fullest, to 48 in the sharpest vessel. 

He takes the extreme length on the load water line L, 
the extreme breadth just below the main wale B, and 


but the height or depth cannot. For instance, if the 
depth%f the hold be used as the third dimension, it may 
happen, in consequence of the cargo which the vessel is 
to carry, that the lower deck has been laid a foot higher 
or lower, although its length, breadth, uud the whole of 
the height remain the same; the expense of building, us 
also the burden, remain the same ; blit the difference of 
the height of the deck increases or decreases the product, 
and consequently the cost in proportion. The same 
thing takes place with regard to the upper deck. Should 
the height of the vessel from the keelson to the gunwale 
be taken as the third dimension, it will be found to vary 
just as much as the former. For example, the gunwale 
might be made half a footer a foot less in height, and this 
quantity added to the gunwale after the ship is built, 
which of course would make it cost less than if that 
height was included in the calculation. If that part of 
a ship which is immersed when loaded should be taken 
as the third dimension, the question to be considered 
would be how high the water line stands marked on the 
draught up to which the ship ought to be loaded, which 
might also be higher or lower. It is, therefore, better to 
institute a rule which, although not totally exact, is still 
not subject to disputes or contusion. 

“ I therefore propose,” says Chapman, “ that the ship’s 
height or depth should be taken so as to bear a propor- 
tion to two dimensions, namely, as the square root of 
the product of the length and breadth. If now the 
length and breadth be expressed by L and B, then must 

the depth bear a certain relation to LB)* without re- 
garding how great that quantity may be. This multi- 
plied by the length and breadth, the number of tons 



will be proportional to L B| ~ . This expression repre- 
sents the solidity, and in which two of the principal 
dimensions are equally involved. To apply it to the 
determination of a ship’s burden, it will be necessary to 
find what proportion the breadth bears to the length, 


the mean depth between the light and load water Tines. 

The product of these three dimensions, divided by D, 
the variable divisor in his table, gives the lading in tons. 

(407.) A rule for the measurement of tonnage has Another 
been given which approximates nearly to the true weight rule, 
of lading, by multiplying together the length of the 
load water line between the fore part of the rabbet of the 
stem and the after part of the rabbet of the stern post, 
the greatest breadth, and the mean depth between the 
light and load water lines; taking three-fourths of the 
product, and dividing by 35. To this sum is added an 
allowance in proportion to the fulness of different bo- 
dies, determined by actual measurement. 

(408.) In the Shipwright s’ Repository the error of Another 
the rule commonly employ-id is clearly explained, and 0Xlim P lc of 
the true tonnage shown to be the difference between the jjj® 0 
total weight of the ship to the load water line, and the myn rule, 
weight of the hull and furniture. The author lias given 
several examples of the tonnage of ships: the following 
is the result of his calculations of the tonnage of an 
80-gun ship : 

Tons. lbs. 


Weight of the ship at her launching 

draught of water 1593 406 

Weight of the furniture 195 720 

Weight of the ship at her light water 

mark 1788 1126 

Weight of the ship at her load water 

mark 3554 356 

From which deduct the weight at 
light water mark 1789 1126 

Real burden 1 765 1170 

Burden in tons by common rule . , . 1959 929 

Real burden 1785 1470 

Error.... 193 1699 


agreeably to the old method of determining the tonnage 
when the contract has becu equally beneficial. Suppose 
the breadth to have been '/o'fi of the length, or the length 
to be 100 feet when the breadth is26j feet. According 
to the old method , 


29 _ A 26. 5* 

poo - 45 x 26 ‘ 5 J * — _ 


= 301,79 tons; 


whence 


(100 x 26.5)* . . ro 

— ss 301 ,78, and x = 452. 

x 

Ileme the tonnage of a ship ought always to be ex- 
L"B)*„ 

pressed by . 


(409.) The real burden of this ship is therefore 193 
tons less thun her computed tonnage. In an East 
Indiaman, his result shows that the real burden was 
178 tons more than her computed tonnage. In other 
examples the differences are still .greater. 

(410.) Chapman, Clairbois, Atwood, and latterly Mr. 

Parsons, have calculated and drawn scales of tonnage for 
particular ships. The latter has made the calculations 
and drawn the scales of tonnage, for most of the classes 
of ships of his Majesty’s Navy, and for twenty-one 
classes of vessels of the British mercantile Navy. 

(411.) Mr. Parsons’s scales of tonnage are drawn for Mr. Par- 
all these vessels from the keel to the gunwale. Each sons's la- 
vessel is divided into fore and after bodies, by a vertical l, °. ur8 ?" 
line proceeding from the middle of the length of the thls 8ub J ec *' 
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Naval Ar- load water line, between the fore side of the rabbet of 
cm ecture. Btem an( i the aft aide of the rabbet of the sternpost 5 
Scalcof alM * 0 ^ ne tonnage is drawn for each body, 

tonnage. The solid content of the body in cubic feet, at different 
heights, is calculated by sections parallel to the keel, 
which being divided by 35, the number of cubic feet of 
searw&ter in a ton, gives the weight of water which 
would be displaced at those heights. By setting off 
from a vertical line, on lines parallel to the keel, these 
results by a scale of tons, spots are obtained, through 
which the line of tonnage may be drawn. By setting 
up, moreover, any height on the vertical scale of feet, 
and drawing a horizontal line at that height, it will re* 
present the weight of the corresponding displacement, 
and which is found by transferring it to a scale of ions 
laced horizontally over the figure. By taking, also, the 
eights of the light and load water lines of any vessel, 
and transferring them in this manner to the scales of 
tonnage, their difference will give the weight of the 
displacement between the light and load water lines, 
or the true weight of lading. The mean depths are 
taken for each body separately, and the sum of the two 
parts thus found gives the total tonnage. 

(412.) By these lines of tonnage may be ascertained 
the weight put on board, or taken out of a vessel at any 
time, by observing the different draughts of water, and 
measuring the tonnage or weights corresponding to 
them. The difference of these weights will be the quan- 
tity put into or taken out of the vessel. For example, 
in a cutter of 160 tons, when ready for sea with all her 
stores, the draught of waier is 8 feet 9 inches forward, 
and 13 feet 6 inches aft, the mean being 11 feet 1 £ 
inches. The mean depth, also, for the ufter body is 
12 feet 3J inches, giving 93 tons for its weight. The 
mean depth for the fore body is 9 feet ll£ inches, giving 
83 tons for the weight of that body, making the whole 
displacement 176 tons. The weight of the hull when 
launched having been 82 tons, the difference on the 
weight put on board must be 94 tons. 

(413.) This method of taking the mean depth in each 
body, though most correct, will seldom*be necessary, 
because if the mean depth of the extremities be used 
alone for each body, it will give nearly the same result. 
The tonnage is then measured by taking the mean 
depths of each body separately, and the difference of the 
results of the two methods is found to be only one ton. 
In vessels having a less difference of draught of water, 
the error is proportionally less. On this account, the 
mean depths of the load and light draughts of water 
are used in the scales of tonnage, which supposes the 
vessel to swim on an even keel, at the mean draught 
of water in each case. 

Remarks. (414.) In considering the practical bene tit of the 
scales of tonnage, observes Mr. Morgan, it is necessary 
to examine the difficulties which would attend their ap- 
plication. This method of measuring the tonnage of 
ships is strictly correct, assuming the light and load 
draughts of water to be known ; but it is in the practical 
determination of these lines that the difficulty exists. 
Mr. Parsons has assumed the launching draught of 
water as the light draught ; and this is the easiest me* 
thod, but not the most correct. The tonnage should 
express the lading which can be put into & ship, when 
every necessary article of furniture and stores is on 
board, in order to bring her down to its load draught of 
water. The two Swedish methods given above re- 
moves this difficulty, by taking the light draught of 
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water, when every thing is on board except the Naval Ar* 
lading ; an established allowance being made for every chitecture. 
article not 011 board at the time. This method may ws/-**-' 
be attended with trouble, in obtaining the weights 
of the different furniture and stores; but it is the 
only mode of determining the correct light draught 
of water, which is the first element necessary in mea- 
suring a ship’s tonnage. The next difficulty, ami by far 
the greatest, is the determination of the load draught of 
water. Two methods suggest themselves of accomplish- 
ing it. It may be determined by officers appointed for 
the purpose, the moment a ship is built, and the result 
inserted in the register, by which draught of water the 
tonnage may be measured. The objections to this 
method are, the liability of the load draught of water 
being incorrectly determined either by fraud or igno- 
rance, and afterwards requiring alteration; and the 
opportunity it affords the owner of taking on board, at 
his own risk, a greater lading than that for which his 
ship was registered. Experience may, however, render 
the officers capable of ascertaining the load draught of 
water with considerable accuracy, and fines may deter 
the owner from incurring the risk of loading his ship 
deeper than it was constructed to swim with safety. 

Another method of obviating the difficulty, is by a 
ship's always paying duty on the quantity of lading 011 
board; so that the measurement of tonuage may be 
taken at the actual draught of water at which the ship 
swims when it comes into port. This would render the 
load water line at first determined little more than nomi- 
nal : it would allow a vessel's being spoken of as having 
a nominal tonnage, producing no error in the measure- 
ment of the real tonnage on board. Either method will 
render these scales of tonnage applicable to general use ; 
but the latter may be preferred, because it brings the 
correct principle of measuring the true lading fully into 
practice. 

(415.) It is probable that tables of tonnage may be 
preferred by many to scales of tonnage ; but as tiieir 
principle and use would be the same, the preference is 
indifferent. It may, also, be observed, that if the whole 
displacement were represented by one scale, instead of 
being divided into two parts for the fore and after 
bodies, the use of these scales would be more simple in 
their application to the tonnage of ships, although less 
useful for general purposes of design. 

(416.) Sir. Parsons has applied scales of the exterior 
surfaces founded on the dimensions, scantlings, Ac. of 
ships to the determination of their churgcs for build- 
ing. Any surface of this kind multiplied by the mean 
thickness of the ship’s side, would give a tolerably cor- 
rect measurement of the quantity of materials. As the 
expense of building vessels must be in proportion to their 
outside surfaces, these lines will be a much better criterion 
for estimating the expense than the register tonnage. 

(417.) Fig. 10. pi. ii. is an example of Mr. Parsons's Example of 
mode of finding the tonnage of a brig of 170 tons, re- Mr. re- 
gister tonnage. Suppose this vessel to have every thing “ 0,lb snlodt ‘ 
on board except the cargo, and her draught of water 
to be six feet at the stem and sternpost, or on an even 
keel. Set this distance up from the base line, or lower 
side of the false keel, and drnw the line A 12 parallel, to 
the base, intersecting the line of tonnage 1 for the alter 
body in B. Then will the distance AB applied to 
the scale, measure 46 tons, the weight of the aller 
body. The same line intersects the line of tonnage 
2 for the fore body in C, giving for AC 64 tons, the 
9 1 2 
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*h!t U -ture we *=*^* ^ie ^ ore body. The whole weight of the 
eausc ure.^ veS sel with every thing on board, excepting the cargo, is 

therefore 110 tons. Suppose now the cargo to be put 
on board, and the draught of water 12 feet" at the stem 
and stern post. At 12 feet from the base draw Dll, 
which will give for the corresponding weight of the after 
body 157 tons, and for the fore body l!)3 tons, giving 
for the whole weight 350 tons. The weight before the 
cargo was put on board having been 110 tons, the weight 
of the cargo itself must be 240 tons. When there is a 
considerable difference in the draught of water at the 
stem and sterupost, Mr. Parsons recommends the me- 
dium depth to be taken for each body, instead of the 
depth in the middle of the vessel. 

Other pro- (4 IS.) The other lines in the figure have some useful 

th^finire properties. That marked 3, for example, denotes the 
^ Urt# whole area of the horizontal sections in square feet of the 
after body, and that marked 4 in the same manner for the 
fore body. The line denoted by 5 represents the whole 
exterior surface of one side of the vessel, in square feet, 
of the after body, and the line 6 of the fore body. The 
line 7 is for the whole area of the vertical sections, as 
high as the load water sections, in square feet, of the 
after body, and the line 8 for the fore body. ©© gives 
the situation and form of the principal transverse sec- 
tion ; 9, 9 the situation and form of the section in the 
after body, whose area is equal to two-thirds the area of 
the principal section, and 10, 10 in the fore body. II 
and 12 represent the load and light water lines. An 
analytical investigation of the properties of these sin- 
gular curves would be likely to lead to some useful and 
important results. 

Present (419.) The facility which the ordinary rules for find- 
rntcVniinat * n S tonnage ailbrds for the evasion of dues is not 
improve- the on 'y attending it. It unfortunately operates 

mentuf against any improvement in our mercantile marine, 

mercantile Great capacity with small dimensions is now the pri- 
munne. mar y object of consideration ; and ibis is too often ob- 
tained by sacrificing expedition and safety. If the ton- 
nage gave a true measure of the capacity of the ship, 
there would be no cause why the mercantile Navy 
should not equal, or indeed excel, the military in every 
quality of safety and velocity; whereas it is a well- 
known fact, that the British merchant shipping is infe- 
rior to that of almost every trading Country in the 
World. 

Labours of (420.) Attempts have not been wanting to improve 
Society for these imperfect modes of determining the tonnage, but 
ment of " hitherto without success. In 1791 the Society for the Im- 
NavalAr- provement of Naval Architecture offered a premium of 
chitecturo. twenty guineas, and a silver medal, for the most ready 
and accurate method, by approximation or otherwise, 
for determining the tonnage of vessels and ships of 
every description, from an admeasurement of all the 
principal dimensions. The two rules of Chapman, be- 
fore adverted to, were given in consequence of this in- 
vitation. 

Report of a (421.) On the 24th of May 1821, a Report of a 
Committee Committee consisting of several distinguished Members, 
in 1821. W as delivered to the Admiralty, and in 1832 another 
Committee was formed with the view of improving the 
in *1832? subject. Of the various plans that have been submitted 
to them, it has been said some are too laborious and 
complicated for general practice, and others entirely 
erroneous. Mr. Parsons’s Tables seem to form a dis- 
tinguished feature among these investigations. In a 
communication made from the Board of Trade to Mr. 


Lushington, at the time that gentlemau was one of the Naval Ar- 
Secretaries of the Treasury, it was urged, that if any chitecture. 
new method should augment the tonnage duty, the pro- 
prietors should not be subject to additional burthens. It 
is singular that among the many minds occupied with 
this useful and important practical question, no one has 
yet been able to devise a short, accurate, and convenient 
rule. The object in all these attempts should be, not so 
much to diminish the present error, as to abolish it en- 
tirely. Simplicity is most desirable, but considering the 
varied forms that ships’ bodies put on, it should not he 
obtained by a sacrifice of principle. We confess we look 
to the scale of tonnage as one of the great means by 
which this useful end will he accomplished.* 

Srppi ngs' s Rules for building and rebuilding Ships of 

the Line , Fifty-gun Ships on two Decks t and Fri- 
gates, 

(422.) Accurate and precise rules for the practical Scppings’a 
operations of ship-building are of the greatest import- 
ance to the successful prosecution of the Art. In vain ihu 

might the most perfect theories, did we possess them , line, &c. 
devise forms possessing stability, stowage, and velocity, 
if, when the fabric is to be reared on the slip, weak and 
inefficient combinations of timber are to be employed in 
its formation. A knowledge of scientific carpentry — of 
the best modes of combining timber, so as to unite a 
maximum of strength with u minimum of material — 
is possessed but by very few Naval Architects. Thou- 
sands of loads of timber were annually consumed in 
ship-building, yet, before the time of Seppings, where 
were the successful instances to be met with of timbers 
exerting all their power, and disposed according to 
principles which the eye of Science delights to con- 
template ? The praise of Seppings is, that he accom- 
plished all this and more for Naval Architecture ; and 
that lie imparted to our great and splendid marine a 
degree of mechanical strength it never possessed before. 

(423.) Jn the common disposition, alltbe timbers are Ftoho 
to be framed together in bends, (except the short timbers 
over the ports,) each scarf to be bolted with three bolts ,n 0 n dixpo-" 
of J-J inch diameter for ships of the line, and one inch tion. 
for 50-gun ships and frigates. The first futtocks also 
to be bolted to their respective floors, with three holts in 
each scarf of 1£ inch diameter for ships of the line, and 
1£ inch for 50-gun ships and frigates. The filling 
frames under the ports to be so opened as to divide the 
space equally. 

(424.) The greatest attention must be paid that the 
lips of the chocks at the heads and heels of the timbers 
be at least three inches in thickness, for ships of the 
line, and not less than 2£ inches for 50-guu ships and 
frigates, and that the abutments for the lips be cut on 
the timbers as near to a square as the faying of the 
chock will admit. N 

(425.) The chocks are to be roughly trimmed with a 
sufficiency of overcast, and placed with their faying 
sides outwards in their respective situations, in which 
state they arc to remain during the seasoning of the 
frame. Each range of chocks is to be placed on a 
small fore and aft riband, which is to be kept from 
coming in contact with the timbers by fitting a piece of 


* Since this was written the Committee has published a short Paper 
on the methods at present in use for measuring tonnage. It m-iy 
be seen in the United Service Journal for June 1834. 
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Naval Ar» batten for every nail to pass through. Such chocks as 
chitecturo. may be converted from free grown timber, and are 
v— therefore liable to split in the course of seasoning, are to 
have a small treenail driven in a direction from a right 
angle about uine inches from each end. 

(426.) When the chocks ure refayed and replaced 
after seasoning, the faying parts of both chocks and 
timbers are to be well fayed with oil and tar. 

(427.) The heads and heels of the timbers are to be 
scarfed where so directed on the disposition of the frame, 
but the heads and heels of all other timbers, where the con- 
version will admit, are to be wrought square, painted at 
each end with white lead, and put together with a cir- 
cular coak in each joint, of a diameter about one-third 
of the siding of the respective timbers. In the event 
of the timber being partially shifted so as not to 
admit of introducing the coak, a bill is to be substi- 
tuted, which is to be formed on the lower timber to pre- 
vent a lodgement of water ; such timbers as cannot 
be procured with square heads and heels are to be 
scarfed. 

(428.) All the timbers are to be framed together in 
bends, und to be bolted with two bolts in each scarf 
of 1-J inch diameter for ships of the line, and one inch 
for 50-gun ships and frigates, and the lower scarfs 
with bolts of l-£ inch for ships of the line, and 1 ^ inch 
for 50-gun ships and frigates. 

(429.) The under side of the wing transom to be 
sided straight and laid at a right angle with the rabbet 
of the post, and to be sided as much as the piece will 
admit. If the store will not supply a piece of timber of 
sufficient dimensions to make the wing transom for a 
large ship, it may be formed with four pieces. No 
transoms are to be introduced below the wing transom, 
but that part of the ship's frame is to be formed with 
timbers as described in the drawings. Ships built on 
this principle are to be single fastened throughout. 

(430.) That the openings may be kept us clear as 
possible during the seasoning of the frame, the timbers 
are to be separated with wedges driven alternately, 
which are to be taken out as soon os the frames are put 
together ; but in such cases where it may be absolutely 
necessary to introduce chocks in the usual manner, 
they are to he split out when the bolts shall have been 
driven. 

Ownings (431.) The openings between the frames are to be 
between the filled in and calked within and without board, from 
timbers of the keel to within four inches of the lower strake under 
ti> hcTi'ued ^ ,e 0|, 1°P clamps for ships of the line and 50-gun ships, 
and to within the same distance of the strake on the 
ends of the orlop beams in frigates. Care is to be 
taken that the outer edge of the upper filling lie rather 
above a level, by which means should any water pass 
between the timbers, it will be conveyed into the hold of 
the ship. Openings more than three inches are to be 
filled in with slab plank free from sap wood, or with 
sound old oak timber, with the grain in the same direc- 
tion as that of the frame timbers, which fillings are to 
be so trimmed as to admit of wedge fillings on one 
side. Openings less than three inches are to be filled in 
with wedge fillings, driven in alternately from within 
and without side, and square with the curve of the body. 
The filling in is to be executed as the planking of the 
bottom is carried down, and as the ribands and harpins 
are removed. 

(432.) All the filling? are to be provided as early 
as possible from offal and slab timber, free from sap, 


or sound old oak, and when trimmed, are, with Naval A* 
the sides of the frame, to be well payed with oil <-'hitecturc. 
and tar. ‘ ~ 

(433.) The inside of the ship, below the orlop clamps, Dubbing off 
need not be dubbed off with that strict attention as if it the inside uf 
were to be planked over, but to be made moderately the frame, 
fair, removing the projecting parts so as to prevent the 
lodgement of dirt. 

(434.) The heads of the stem and stern posts and 
timbers under the ports must be well saturated with oil 
and tar during the seasoning of the ship, which may be 
done by making the heads of the timbers concave, and 
boring holes therein ; the holes are to be plugged up, 
and the timbers cut fair and painted with white lead 
before the port cills are let in 

(435.) Great care is to be taken that no sap be suf- 
fered to remain on any part of the frame, and that no 
piece be put in to make good the deficiency occasioned 
by its removal from the edges of the timbers until the 
fillings, &c., shall have been calked. 

(436.) One joint of the fillings in each opening be- Calking 
tween the timbers of the frame, and also the joints of the the franu*. 
frames in wake of the said fillings, are to be well raimed 
and calked botli within and without board. 

(437.) Great care is also to be taken that the oakum 
which may be driven from one side be brought into 
close contact with that driven from the other side, so 
that on no account whatever is any space to be left 
between the two calkings. When the raiming and 
calking as already directed shall have been performed, 
all the remaining joints of the fillings, butts of chocks, 
butts of timbers, &c. are to be chinced. 

(438.) In fig. 1. pi. v. the method of filling in the 
openings between the timbers, &c. may be seen, and to 
which the following references may be made. A, u 
close joint; B, ail opening of less than three inches; 

C, an opening of more than three inches ; D, D, D, 
wedge fillings, the grain being in and out ; E, a common 
filling, the grain being up and down ; F,F» F, F, F,F, 
joints which are to be raimed and calked. 

(439.) The fillings in wake of the chain bolts are to 
be as few as possible, their moulding to be two inches 
less than the frame, thereby leaving one inch for air to 
pass between them and the inner and outer planking. 

They ure to be rairned and calked within and without; 
and should any fillings be required in the wake of the 
kuees, or any other place above the general filling in, 
the same mode is to be followed. 

(440.) No projection is to be left at the upper edge Projections 
of the channel wales, but at the upper and lower edges to he dis- 
of the sheer strake projections are to be permitted as 
usual. No projection whatever is to be allowed with- w ? a [ 41 1 s ,in 
out board aforo the second lower deck port from for- bows/ Ac/ 
ward, and to obviate the additional weight that wou.'d 
arise in consequence, the main wales, &c., arc to bo 
thinned at the fore end one-third of their respcctixe 
thickness, and to begin to taper off about ten feet from 
the fore end. To render the port lids (where the pro- 
jections are omitted) as light as they otherwise would 
have been, the stops are to be cut out of (he plank 
without going home to the port timbers; to ac- 
complish which, the short stuff between the ports 
must of course be worked fair with the sides of the por‘ 
timbers. 

(441.) The main wales, black strake, and four upper Coak'm^ 
strakes of diminishing stuff, the middle and channel the mum 
wales and sheer strakes, are to be coaked to the timbers wa k* B * 
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Naval Ar- of the frame with reference to every butt as described 
chiteeture. in fig. 2. 

(442.) The clamps and 9 pirketing are also to be 
clamp*, &c. C oaked to the timbers of the frame in a similar manner 
tl*L liill'* Uf to ^ le Wll ^ e8 » and the clamps are to be. bolted with 
up and down bolts agreeably to fig. 3. 

(443.) Where only one strake of spirkeiing is 
wrought, both butts are to be coaked to the timbers 
nearest their ends. 

(444.) The main wales, sheer strakes, spirketing, 
and clamps, are to be coaked and bolted as directed for 
ships of the line. 

(445.) The timbers of the frame are to be single 
bored only, in wake of the water way, shelf pieces, and 
such other parts where fastenings driven for the security 
of (he inside work are generally diffused ; also the bot- 
tom of the ship where the inside planking is omitted, 
viz. from the lower edge of the plank next under the 
orlop clamps to the limber strake. 

(446.) The general diffusion of metal fasteuings in- 
troduced with the new system, together with the bolts 
for bringing to the plank, will more than compensate 
for the treenails left out. 

(447.) Ships built upon the small timber system are 
to be single fastened throughout. 

(448.) To have two strake9 of orlop clamps on each 
side wrought top and butt, both eight inches thick, 
with two strakes on each side wrought under them, 
the upper strake to be six inches thick, and the lower 
strake four inches thick, which may also be wrought top 
and butt. 

(449.) Two strakes of seven inches thick wrought 
top and butt, with one of six inches, and one of four 
inches thick, wrought also top and butt under them. 

(450.) Should there be any difficulty in procuring 
the middle shift of diagonal timbers for ships of the line, 
another strake (or two if required) of three inches thick, 
may be wrought in midships below the strake of four 
inches. Care is to be taken that it be not worked so 
low as not to give a five feet scarf lo the middle rider 
from the upper part of the longitudinal piece at the first 
futtock heads. 

(451.) Two strakes of six inches thick, wrought top 
and butt, and one strake of four inches thick wrought 
under them. 

(452.) No plank or thick stuff whatever is to be 
wrought below the said strakes except one limber strake 
on each side, eight inches thick for ships of three decks, 
ships of the seven inches thick for 80 and 74-guu ships, and six 
line und inches thick for 50-gun ships, and to be coaked to the 
cross chocks only, with circular coaks, of 4$ inches dia- 
meter. 

(453.) No plank or thick stuff is to be wrought in 
this class of ships below the strake on the ends of the 
orlop beams, except one limber strake on each side of 
six inches thickness, which is to be coaked to the cross 
chocks only, with circular coaks of four inches dia- 
meter. 

(454.) In the wake of the main mast an additional 
keelson is to be placed on each side, at such a distance 
from the common keelson that the ends of the step may 
rest upon it, to support the great pressure of that mast. 
The additional and regular keelsons to be coaked to 
the cross chocks only, instead of being faced down as 
heretofore. 

(455.) To be of the same dimensions as the common 
keelson, and in length for ships of the line about 
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twenty-eight feet, and for 50-gun ships and frigates Naval Ar- 
about twenty-four feet. chiteeture* 

(456.) Instead of thick stuff, plank, riders, &c., a 
trussed frame is to be introduced, the various parts of ^ ni88ed 
which (particularly the longitudinal pieces and trusses) ramea 
are to be procured if possibly from old ship timber, viz . 
the sound parts of old floors, first futtocks, &c. Should 
aiiy sound old timber in a very dry state be made use of, 
it should be saturated with oil and painted with white 
lead to prevent an absorption of moisture. 

(457.) The diagonal timbers for ships of three decks, Trussed 
the upper and lower ones to be fourteen inches sided in ^ mc £°. r , 
midships, and the middle ones fifteen inches; and * 

two-decked ships the upper and lower ones to be from 
thirteen to fourteen inches, but the middle ones are not 
to be less than fourteen inches sided. The fore and afl 
pieces at the floor heads are to be sided in midships 
from thirteen to fourteen inches as the conversion will 
admit, and afore and abaft from twelve to thirteen inches; 
the fore and aft pieces at the first futtock heads from 
eleven to twelve iuches, the small dimensions to be used 
forward and aft. 

(458.) The trusses to be sided from eleven to twelve 
inches, and with the fore and afl pieces to be moulded 
so as to conform to the diagonal timbers as nearly as 
the conversion will admit. 

(459.) In executing the trussed frame the middle 
limber is to be first got into its station, aud laid as 
nearly to a right angle from the body of the ship as pos- 
sible ; the upper part to abut against the fore and afl 
stuff* that runs under the orlop clamps, and the lower 
part to be continued two feet six inches below the floor 
heads, or as much more us the piece will admit. The 
lower timber may next be placed, which is to abut 
again st the limber strake, and to run at least two feet 
six inches above the floor heads, thereby giving a scurf 
of not less than five feet to the middle timber : aud in 
order to take out the bevelling, or in other words to 
make the timber lie nearer at a right angle to the body, 
the lower end of the middle timber is to be reduced at 
the upper part, where it comes in contact with the lower 
timber. In the fore body it will be taken from the aft 
side, aud iii the after body oil the fore side ; the lower 
part of the upper timber, or upper part of the middle 
timber, is also to be taken away for the same purpose. 

(460.) Should any difficulty occur in procuring com- 
pass timber for the diagonal frame, a saw kerf may be 
cut in the upper part of the upper, and in the lower 
part of the lower timber, thereby avoiding a kerf in wake 
of the scarf. This will render procuring these timbers 
less difficult. 

(461.) In disposing of the diagonal timbers so as to 
clear as much as possible the chocks under the gun 
deck shelf piece, a chamfer of about six inches may be 
taken away when required from the angle of the lower 
edge of the orlop beam, as in fig. 4. 

(462.) The scarfing of the diagonal timbers to be 
side by side, and eaeh of the lower scarfs to be secured 
with two copper bolts of i£ inch diameter, and each of 
the upper scarfs with two copper bolts of 1£ inch dia- 
meter, which are to be driven square from the sides of 
the timbers. 

(463.) Each shifl or diagonal timber to be coaked to 
the frame timbers, and to the gun deck and orlop 
clamps with which they come in contact, with coaks of 
3J inches diameter, aud 3J inches in length. 

(464.) The fore and aft pieces at the floor and first 
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Naval Ar- futtock heads are to have their ends coaked to the dia- 
chitecture. gonal timbers with coaks of four inches diameter, and 
of the same length. As these coaks must be double 
sunk either in the timber, or in the fore and ail pieces 
to ensure their being driven up, a piece of thin iron 
hoop is to be placed over £>ne end of the coak to pre- 
vent its being split by the bolt in punching up ; this 
precaution should be taken in all cases where coaks are 
double sunk. 

(465.) Wherever there is a necessity of double sink- 
ing coaks, the vacant space is invariably and with the 
greatest care to be filled with a mixture of chalk and 
grease, or any other durable substance that can be 
introduced. 

(466.) Great attention should be paid that the fore 
and aft pieces at the floor and first futtock heads be 
driven in tight between the diagonal timbers, and parti- 
cularly the trusses, as they receive the weight of the 
ship when she has a tendency to arch or hog, and also 
when in the act of pitching. 

(467.) As the trusses need not have any coaks at 
their ends, should they by accident be cut short, an iron 
wedge is to be driven atone end ; and should they have 
shrunk, particularly at the upper ends, after they are 
put in place, thin iron plate wedges are to be driven in 
prior to the ship's being launched or undocked. In all 
cases a survey should be held to ascertain their state 
before the ships be launched or undocked. 

(468.) The diagonal timbers are to be bolted with 
bolts of 1 1 inch diameter, the bolts to be from eighteen 
to twenty inches apart, except at the extreme ends, 
where two may be placed nearly abreast; and at the 
heads of those under the gun fleck shelf piece, two 
bolts are to be driven through a plate of iron to secure 
them when the ship is in the act of rolling. 

(469.) The fore and aft pieces at the floor and first 
futtock heads to be fastened at their ends with bolts of 
1J inch diameter, and in the middle with bolts of 1% 
inch diameter, and from twenty inches to two feet 
asunder, the ends excepted, where, as in the ends of the 
diagonal timbers, they are to be nearly abreast. 

(470.) The trusses are to be secured with bolts of 
1J inch diameter, about two feet asunder. The upper 
trusses to he placed a little above a square or 90°. 

(471.) In driving the bolts of the diagonal frame, all 
those iu the ends, and one at least in the middle, are to 
be driven first, and from the inside, in order to draw the 
materials well in contact with the frame timbers. 

(472.) Water courses are to be cut wherever there is 
a probability that water may lodge, particularly at the 
ends of the fore and aft pieces and trusses, also at the 
ends of the diagonal timbers that abut against the limber 
strake, and the keelsons in wake of the main mast ; 
these water courses are to be formed by cutting off the 
angle with a plain chamfer at the upper part about 
four inches, and at the lower part five inches, the same 
to be observed with respect to the hooks, crutches, &c., 
but to a greater extent. 

Trussed (473.) The materials for the diagonal frames of these 
frame for classes of ships to be six inches thick. The timbers 
shmsand anc * ^ ore anc * P^ 69 to be from ten to eleven inches 
frigates. broad, and the trusses from nine to ten inches broad. 

(474.) The upper range of timbers may be procured 
of amull timber, sided eleven inches for 50-gun ships, 
and ten inches for frigates; the upper parts of which 
must be fayed to the clamps, &c., but the lower parts 
may be brought to with boiling in the kiln, should 


there be any difficulty of procuring timber of a proper 
growth. 

(475.) Chocks of dry oak well oiled are to be wrought 
under the lower edge of the lower strake of inside stuff 
to prevent the scoring of the diagonal timber. 

(476.) The other parts ot the diagonal frame may be 
procured of thick stuff, and brought to with boiling, 
(should it be required,) excepting those parts afore and 
abaft to form the hooks and crutches, which may 
be converted from small timber sided from ten to 
eleven incites, and moulded as broad ut the middle line 
as may be required to receive the iron plate hooks or 
crutches. 

(477.) The bolts for the diagonal timbers to be in 
distance asunder from eighteen to twenty inches, except 
at the ends, where two are to be disposed of, as before 
directed for ships of the line ; those for the upper range 
of timbers, and for the parts which form the hooks and 
crutches, are to be I*V inch diameter, and the remainder 
one inch diameter. 

(478.) Whenever the treenails of the bottom come in 
wake of, and at a proper distance from the edges of the 
fore and aft pieces and trusses, they are to pass through 
them ; and the additional fastenings that may be re- 
quired are to be made with bolts of ^ diameter; the 
euds are also to be secured with two bolts in each, as 
directed for ships of the line. 

(479.) Water courses are to be formed by cutting off 
the lower angle of those parts of the diagonal frame 
which form the breast hooks and crutches ; but no 
water courses are to be cut. in any other purl of the dia- 
gonal frame. 

(480.) The greatest care is to be taken that the fore 
and uil pieces and trusses be driven in tight between 
the timbers, and that their butts be well compressed by 
raiming prior to their being calked. The upper 
trusses shall be placed a little above a square or 90 . 

(4S1.) The hooks and crutches are to be constructed 
on a principle that will be shown by a drawing. 

Line of Battle Ships. Frigates. 

Cwt. qr. lbs. Cwt. qr. lbs. 

Weight 5 1 14 4 1 7 

(482.) The fore and aft carling under the after gun- 
deck beams, is to be secured to the inner post, and is to 
run to the beam afore the mizen step. 

(483.) The orlop beams for ships of the line to have 
a fore and aft strake of four inches thick placed under 
them in the midships, to receive the bends of the pillars 
in the hold. 

(484.) The half beams are all to be of fir, except 
those in the cable tiers. 
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A piece of oak plank is to be brought on the end of 
each half beam to make it of sufficient depth to reach 
the shelf piece. 
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The midship end of each half beam is to be secured 
to the carling with a dog-bolt. 
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(495.) For the gun deck ......... 12 . . 10 

For middle and upper deck* 11 . . 0 

To be of old oak, thick stuff, or plank. 

Fur the gun deck about 10 . . 5 

For middle and upper decks 9 . • 4 
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8 

14 




i 

Upper deck . . 

8 

14 

7 * 

13 

8 

14 

Quarter deck, 
and fore- 1 
castle. . . . j 

7 

12 

1 64 i 

11 


11 

Roundhouse . . 

G 

10 

54 

10 




The breadth given is for the upper bide of the shelf 
piece, the front side being bevelled. 

( 1S6.) The scarfs to be five feet six inches long, and 
to be coaked with four circular coaks in each scarf; the 
scarfs to be so disposed that the front lip may overrun 
a chock under the shelf piece about four inches. 

(487.) Should any difficulty occur in procuring shelf 
pieces on account of breadth, they may be wrought by 
bringing the top ends together alternately, and intro- 
ducing a connecting shift as described in fig. 5. 

(4S8.) The shelf pieces arc to be secured with bolts 
from eighteen to twenty inches asunder, and as the 
throat bolts of the iron knees will pass through the 
shelf pieces, no bolt should be placed nearer than twelve 
inches to the inidde of each chock that is intended to re- 
ceive an iron knee. 

(489.) The diameter of the in and out, and up and 
down bolts for shelf pieces must be as follows : 



Ships of 
the Line. 

50-pun 

Ships. 

Fri- 

gates. 

Qrlop 

H 

n 

1 

Lower deck 

i.l 

IJr 

i 

Middle deck 
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Upper deck 

H 

4 

4 

Quarter deck and forecastle. 

l 

1 

i 

Roundhouse 

* 

$ 



Coaks for (490.) The diameter of the coaks for the shelf pieces, 
shelf pieces. and the number in each beam end, are to be as follows: 



Shins of 
the Line. 

50-ifun 

Ships. 

Frigates. 



In. No. 

4 2 

In. No. 
34 2 

4 2 

In. No. 
44 1 

?< 

tower deck 

442 

4 2 

4 1 


Middle deck 


4 2 

34 2 

4 1 

4 2 

if 

Forecastle and 

quarter' 

4J 1 

4 1 


4 1 

34 1 

4 1 





41 1 

4J 1 

4 1 

3 1 




4 l 

358, 





4 1 

3§ 1 

31 1 

3J 1 

3 1 


1 

Forecastle and 
deck 

quarter 

4 1 


(491.) These coaks are to be of cast iron 4 inches Navol Ar- 
long, and the cavity to be filled with cement and sand ; j ure I 
if iron coaks cannot be procured, hard seasoned durable 
wood coaks are to be substituted. 

(492.) The chocks under the shelf pieces or beams Chocks for 
for iron knees, are to be sidgfl as follows : iron 
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Inches. 

For the Lower deck 
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9 

7 

Middle deck 

<> 



Upper deck 

H 

8 

9 

Quarter deck andV 
forecastle ) 

n 

7 

7 

Roundhouse 

6 

n 



(493.) The chocks under the orlop shelf pieces are 
to be placed conformably to directions that will be 
given with a section, sided for ships of the line and 
50- gun ships from eleven to twelve inches, and for fri- 
gates from ten to eleven inches. Care is to he taken 
that the bolts for the diagonal timber in the wake of 
these chocks, be so disposed us to pass through the 
chocks. 

(494.) The beams of the gun deck, and also those 
of the orlop, to be stationed so as to receive a side 
plate, by keeping one side of the chock fair, or in such a 
direction with the fore or afier part of the beam as may 
be most convenient. 

(495.) Side plates for ships of the line five inches 
broad, inch thick; for 60-gun ships, 4J inches 
broad, and l£ inch thick, diameter of the bolts 
inch. 

(49 G.) The chocks under the midship lower deck 
beams of frigates, are to abut on the beam ends of the 
midship platform in the same manner as those of ships 
of the line, and 50-gun ships do on the orlop beams, 
but no side plates are required for frigates. 

(497.) The chocks under the shelf pieces are to be 
got into place as tight as possible, which may be accom- 
plished by previously setting the beams an inch above 
their proper round. 

(498.) The weights of the forked knees are to be as Forked 
follows : knees. 
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(499.) Those beams that are placed over ports where 
the forked knee cannot with convenience be introduced, 
are to be secured by iron dagger knees on chocks, with 
an ear against the side for the introduction of a holt. 

(500.) The diameters of the bolts for the forked 
knees are to be as follows, viz . 
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Naval Ar- Inches 

chitecture. _ j * (The two throat bolts and the upl ,, 
— v — , Lower deck.| and down bolt “ Y H 

The lower bolts and those fore and 1 ,, 

afi in beams j * 

Upper and /"The throat, and up and down bolts, li 
middle < Bolts below, and the fore and aft") 
decks. ditto J ” 

f^^^lThe two throat bolts,* and the up") , . 

ile "/ -d down dUto .} l * 

Bolts below, and fore and aft ditto . 1 


The up and down bolts in the lower, upper, and 
quarter decks, are to be of copper. 

Iron knees (501.) The lower deck beams of frigates, and the 
under forecastle and quarter deck beams of 50-gun ships and 

beams. frigates, to be secured at each end with an iron knee 

under the beam, in weight 14 hundred weight, the toes 
or ends to be 4 inch in thickness and bolted with bolts 
of one inch diameter. 

Hound (502.) The beams of the round house arc to be se- 

house cured with a plate bolt at each end, diameter of the bolt 

Kmiwl° b ° * n ^ 1C ' )eam ^ inch, and bolted with bolts of -J inch 
with'plato dimeter. The plate on which the bolt is clenched is to 
bolt*/ lie upon the beam and be let into the under side of the 
flat of the deck. 


Beam ends (503.) The beams of the orlop and platforms, and 
to be si*- the foremost and aftermost beams of the lower decks of 
curiscl with frigates, are to be secured with three bolts of 1J inch in 
throuMi' 011 eac ^ cn d* which are to be driven through the bottom of 

the bottom, ship. 

Trussing (504.) The short stuff, or quick work between the 
between the ports of the lower, middle, and upper decks, to be coin- 
ports. of posed of materials, sound, well seasoned, and converted 
finoVo* run ^ lorn dmber if it can be procured. .'The abutment 
ships, niuT" P ,eces f° r die gun deck to be about thirteen inches 
frigates. broad, and for the middle and upper decks twelve inches. 

(505.) The trusses for the gun deck to be eleven 
inches, and for the middle and upper decks ten inches 
broad. The abutment pieces are to be the same thick- 
ness 'as the clamps, if they do not exceed six inches, 
wlrcli are not to be bearded, but should they exceed that 
thickness, they arc to be bearded to six inches; but the 
diagonal trusses arc to be half an inch less in thickness. 

(506.) Every abutment piece is to be conked to the 
port timber, with one circular coak of 34 inches diameter, 
which is to be placed so as to act against the pressure of 
the truss on the abutment piece. The head of each 
abutment piece is to be bolted with two in and out bolts 
of 4 inch diameter, each end being also bolted in a fore 
and aft direction, with one bolt of the like diameter. 
The space between the trusses and abutment pieces is to 
be left open, while the ship is in a state of ordinary, 
but when commissioned it is to be coppered over. 

(507.) In calking the trusses between the ports, the 
horizontal parts in contact with the spirketing and 
clamp are to be well raimed and calked, by which 
means they will act well against the up and down, or 
abutment pieces ; but should there be a space left be- 
tween the abutment pieces and trusses more than the 
calking will set home, the up and down joint is to be 
first calked, or a neat iron plate is to be driven in. 
Trussing (503.) Whether the stern be built in the common 
the stern, principle, or round with the rother head without board, 
drawings will be sent. The lower, middle, and upper 
decks of ships of the line, are to be laid diagonally. 

(509.) The water ways for the lower deck to be from 
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thirteen to fourteen inches square, and for the middle w llVA , a* 
tfnd upper decks from 12* to thirteen inches square. chitJdure. 
These scantlings may be t easily procured, as the rabbet w ^ J 
and rounding of the front will materially assist the con- Waterway* 
version. The rabbet for the flat of the deck is to be 1Vr * diagonal 
taken out, so as to admit of a calking seam of three ‘ lecks ‘ 
inches in depth, and with such an angle that the butts 
of the flat of the deck may be bearded J inch and ?io 
more. 

(510.) To prevent a lodgement of water on the upper 
side of the water ways, they are to be trimmed below a 
level from the spirketing, inwards, which may be done 
by letting the water ways down more on the inner edge, 
than on that next the timbers, according to fig. 6. 

(511.) It being of the greatest importance that the 
water ways and ekeings be procured 1 of dry, well sea- 
soned oak, or timber of equal durability, great care is 
to be taken in the selection ; and to promote this object, 
the water ways may be wrought of short lengths and 
butted on carlings let down for that purpose between 
the beams, observing that no more curlings are to be 
introduced than may be necessary for this purpose, and 
that, they be let down in scores which are to be taken 
entirely from the half beams. 

(512.) The carlings are to be of the same breadth as 
the water ways, and in depth the same as the binding 
slrakc, the upper sides of the carlings being flush with 
the upper sides of the beams. The clamps and spirket- 
ing are to be worked according to the usual practice. 

(513.) The butts of the water ways are to be dis- 
posed of in the middle of the carlings, and the scoring- 
down part of the water way to be taken away from the 
butt to the side of the beam next to it f as shown in 
fig. 7, and the binding strakes are to give shift to the 
water ways. 

(514.) Each butt of the water ways is to be secured 
to the curling with two coaks, and one up and down 
bolt. The bolt is to pass through the shelf piece, but 
should the bolt that passes through the end of the half 
beam come near to the butt of the water way, then one 
up and down bolt may be omitted. The in and out 
bolts in the wake of4hese carlings will necessarily pass 
through them instead of the water w f ays. 

(515.) No ekeings are to be wrought of greater 
scantlings than may be necessary to get the water wajs 
in and out of place, and to admit of disposing the up 
and dow'U bolts so as to clear the rabbet of the water 
way, the spirketing, aud the clamps sufficient for 
clenching. The ekeings arc to give shift to the water 
ways, and thereby reduce the calking at the butts as 
well os give a stop to the same. 

(516.) The water ways and ekeings are to be scored 
down on the gun de<^c main or principal beams three « 
inches, and on the middle and upper deck main or prin- 
cipal beams 24 inches ; the scores are to be taken from 
the water ways and ekeings, and the butts faced on the 
sides of the beams 4 an inch. No scores are to be 
taken from the water ways and ekeings in wake of the 
half beams, but the scores are to be taken from (lie half 
beams entirely. 

(517.) One up and down bolt in the water ways 
through the shelf piece is to be disposed of in the end 
of each beam and half beam, the diameter of the bolts 
for the beams of the gun deck to be li inch, ami for 
the middle and upper decks 1 J inch, for the halt beams 
of the gun deck inch, and for the middle and upper 
decks one inch. 
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Naval Ar- (518.) The in and out bolts in the upper part of the 
chitecture. wa te r W ays are b e e q Ua | ,* n number to those in the 
lower part in the binding strokes ; the diameter of the 
bolts for the gun deck to be l| inch, and for the middle 
and upper decks, one inch. 

(519.) The diameter of the coaks for the water ways 
and the number in eaeh beam end to be as follows, viz. 

Inches. No. 

Coaks for Each beam end\ Lower deck 4 2 

water ways, water way. J Middle and Upper decks. . 34 2 

These coaks are to be of cast iron four inches in 
length ; if iron coaks cannot be provided, then well-sea- 
soned, hard, durable wood is to be substituted. 

Side bind- (520.) Thick strokes for the gun deck six inches, and 
in# or scor- for the middle and upper decks five inches, broad ten 
straketTfor * nc ^ es » to ( l° wn ,n scores taken from the main or 

securing * principal beams ; for the gun deck three inches, and for 
the ends of the middle and upper decks 24 inches ; and what may 
tho ft at of be required to make the upper side of the binding strake 
diagonal flush with the upper sides of the beams, is to be taken 
* nmi ^ ,e stra ke, and the scores are to be faced 

line.* ° 1 on the sides of the beams half on inch. No scores are 

to be taken from the binding strokes for half beams, but 
the scores are to be taken from the half beams entirely. 

(522.) One in and out bolt in the binding strake and 
lower edge of the water way, is to be disposed of in the 
space between each beam and half beam ; and as there 
will be a space of three inches betweert the binding strake 
and water way, no chocks are to be fitted for the purpose 
of wooding the bolts. The diameter of the bolts for the 
gun deck to be 1J inch, and for the middle and upper 
decks one inch. 

Midship (522.) The binding strokes in midships are to be 
binding coaked to every main beam and breast hook, with one 
strakes for circular coak of 34 inches diameter. To be five inches 
muldlT’ind * rotn ^ lc l )art °f the fore hatchway forward for 
upper decks the gun decks of ships of the line, and four inches thick 
of ships of from the ward room or cabin bulkheads forward for 
the line, 50- middle and upper decks. 

ftndir^ates (523.) Every side butt of the flat is to be fastened to 
IHaKonal 08 the side binding or scored down strake, with two tree- 
docks for nails of 14 inch diameter, except those beams where 
the gun, the up and down bolts in the forked knees, or the bolts 

middle, and directed for the half beams pass through the flat, then 
of shiiiBof * one treenail only is to he driven ; the holes for which 
the line. are ll0t to be bored until tile deck shall have been calked, 
but not payed. All these treenails are to pass through 
the bindiug strake, but only one treenail is to pass 
through each half beam ; those in the gun deck main 
beams being ten inches long, and in the middle and 
upper deck main beams nine inches long/' 

(524.) Every midship butt is to be fastened to the 
main beams, or cartings, as the case may be, with two 
bolts, and every plank to be bolted with two bolts in 
each beam, which it may cross ; the bolts are all to be 
$ of an inch diameter, and eleven inches long, for the 
gun deck, and eight inches long for the middle and 
upper decks; the holes are to be bored through the 
beams, to admit of driving out the bolts. To be fastened 
tc the half beams with two, and to the ledges with one 
deck treenail. 

(525.) One up and down bolt is to pass through the 
flat of the deck, the side binding or scored down strake, 
and each main and half beam, excepting those beams of 
the upper and middle decks, where a knee bolt passes 
through the binding strake : at the gun deck these bolts 
will pass through the shelf piece ; diameter of the bolts 


for the gun deck one inch, and t.)r the middle aud upper Naval Ai- 
decks -J of an inch. dritectuie. 

(526.) The calking of diagonal decks to be carried 
on progressively, as follows : Calking 

1. The treenails. 

2. The fore and aft seam, next the binding strake in 
midships. 

3. The diagonal seams. 

4. The water way seam. 

Care is to be taken that the diagonal seams under the 
water ways be well filled with oakum, for which pur- 
pose irons are to be used similar to those described for 
that purpose in fig. 8. 

(527.) The forecastle, quarter deck, and round house Inner or 
of ships of the line, and all the decks of other ships and coaked 
vessels, to be laid in a fore and aft direction. The forTand 
coaked water ways for lower decks of 50-gun ships, to aft decks, 
be 124 inches square, and for frigates 104 inches; for 
the upper decks of 50-gun ships and frigates, 1 14 inches 
square ; for the forecastle and quarter deck of ships of 
the line, 50-gun ships and frigates, 104 inches, and for 
the round house of all ships, to be nine inches square. 

(528.) The rabbet to be taken out of the coaked water 
wuy, so as to admit of a calking seam of three inches in 
depth, and with such an angle, that the thin water way 
may be bearded 4 of on inch, and no more. 

(529.) The coaked water ways to be bolted with one 
up and down bolt in each beam and half beam ; the dia- 
meter of the bolts for the main beams of the lower decks 
of 50-gun ships to be 1J inch, for the upper decks of 
50-gun ships and frigates 1-J inch; for the lower decks 
of frigates, and the forecastle and quarter deck of ships 
of the line, 50-gun ships, and frigates, one inch, and for 
the round house of all ships J of an inch. 

(530.) The diameter of the up and down bolts in the 
water ways and half beams, to be 4 of an inch less than 
has been directed for the main beams. 


(531.) The in and out bolts for the water ways, to be 
disposed of at the distance of from twenty inches to two 
feet asunder, and to be in diameter as directed for the up 
and down bolts of the respective main beams. This 
kind of water ways to be butted on c&rlings, as already 
described for the diagonal decks. 

(532.) Each main beam end and water way to be Coaks for 
coaked with circular coaks of cast iron of the following waterways 
diameters and number. I* At,*™ 



Ships 
of the 
Line. 

50-gun 

Ships. 

Fri- 

gates. 

Lower deck 

In. No. 

• • 

In. No. 

4 2 

In. No. 
3* 1 

Upper deck 

• • 

9b 2 

3b 2 

Forecastle and quarter deck 

4 1 

4 1 

4 I 

Round house 

34 1 

Si 1 



(533.) The outer water ways to be one inch thicker ° t r er 
than the flat of the respective decks, and to be fastened W{ J y f or fj r9 
to the beams and half beams with treenails, and the and aft 
butts to be secured with mixed metal nails, decks. 

(534.) The forecastle, waist, and quarter deck of 
ships of the line, 50-gun ships, and 
fastened with mixed inetal nails. 

(535.) The holes for the bolts of diagonal decks are Boltsfoithe 
to be bored through the beams to admit of driving out flat of decks 


frigates, are to be ^ 
deck. 
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Naval Ar- the bolts on a repair ; the holts are to be made with tool 
chitecture. heads, and the points to be rounded for the purpose of 
driving them out wilheoncave punches. 

(536\) In the event of shifting the decks, the holes 
are to be bored through the new deck, by introducing 
the auger into the original boles in the beams from the 
under sides ; and to prevent the necessity of re-fastening 
the bolts of a larger diameter than were originally 
driven, a rope-yarn or yarns is to be introduced in each 
hole of sufficient length above the deck to take a turn 
round the head of the bolt before it may be driven 
home. But should this mode be found objectionable in 
practice, either the original mode may be followed by 
driving bolts of a larger diameter, or the old holes may 
be plugged up and new ones bored. 

Cross bolt- (537.) A system of cross bolting is to be introduced 
ingofthe between the bolts of the knee of the head and hooks 
wood ends f rom t | ie or i 0 p upwards, two bolts of 1-g inch diameter 
aft^hen 11 * for ships of the line, and two bolts of 1^ inch lor 50-gun 

transoms ships and frigates, to be disposed of in each space 

are omitted, between the hooks agreeably to fig. 9. No sup wood 
Sap wood (except on elm) is to be suffered to remain in any part 
to bo taken 0 f (be ship, but it is to be taken off from the materials 
away. before they are placed in the ship. The officers are to 
be considered particularly responsible for the perform- 
ance of this duty. 

Circular (538.) The holes for circular coaks are invariably to 
coaks and be puinted with white lead. Wooden coaks are to be 
ditto 8 t0f ma de the soundest and best seasoned durable wood 

painted. that can k e procured, they are to be soaked in oil, und 

their ends painted with white lead. In all cases great 

care is to be taken that the holes are not sunk lower 

than the coaks themselves, and where double sunk coaks 
are used great care is to be taken to fill up the space 
with chalk and grease as before directed. 

Oil and tar. (539.) Tn all cases where oil und tar have been 
directed to be used, the mixture is invariably to be made 
with four-fifths of oil and one-fifth of tar. 

Copper (540.) Every copper bolt lor iron knees, is to be 

bolts for driven with a ring under its head, and those copper 
iron knees, bolts which are clenched upon the bottom under the line 
of flotation, are to be carefully chinced, and putty 
placed upon the oakum before the ring is put on. 

Beams to be (541.) In order to facilitate the seasoning of beams 
placed erect they ure to be converted as early us possible, and placed 
for season- as „ car the ship as convenient, with their butt-ends 
lDR ’ upwards ; and as oil has been found to be a great pre- 

ventive to the dry rot, the butt-ends of these important 
parts of the ship are to be hollowed out so as to retain 
a quantity of oil, by which means it will be most readily 
absorbed by the timber ; a fresh supply of oil is to be 
afforded occasionally, and, in trimming the beams, as 
little of their ends so saturated, is to be cut off as possi- 
ble. The ends of the beams are to be covered, so as to 
protect them from water, and admit a free circulation of 
air. 

Mi'tmstobe (542.) Defects are to be cut out of timbers of the 
reser- ^ Panrie ’ an ^ °thor parts of the ship, before they are 
vatio^of * slowed away for seasoning ; and those timbers where 
the mar defects have been removed, the hole is to be on the 

terids. under side, but if that caunot be done, a hole is to be 

bored to take off the water. 

(543.) The faying part of the various materials, viz. dia- 
gonal timbers, fore and aft pieces, trusses, hooks, crutches, 
chocks under beams, the water wavs and ekeings to ditto 
are to be chaired with shavings or ironed with a hot iron, 
and while hot to be payed with oil and tar. 


Moans to be 
taken for 
the preser* 
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the mar 
terials. 


(544.) All the timbers of the frame in the hold of the Naval Ar- 
ship, but particularly those under the magazine and chitecture. 
coal-hole, when perfectly dry , are also to be payed over ' 

with oil and tar twice or more during the time the ship 
is building. The rents aud shakes of the frames, and 
also the diagonal framing, are to be chinced, and the 
surface well payed with oil and tar. 

(545.) The ends of beams, longitudinal pieces, trusses, 
chocks, under-shelf pieces, callings, &c. afu-r being well 
saturated with oil and tar, are to be painted with white 
lead. By this process the capillary tubes will be pre- 
vented from absorbing the juices of the timber with 
which they are to be brought in contact. 

(546.) The strictest attention is to be paid during the Opening', 
building of the ship, to keep the openings of the frame to be 
and every other part clear from chips or dirt, or any kept dear of 
tiling that may obstruct a free circulation of air. c c ‘ 

(547.) An entrance to the hold is to be left open in Entrances 
all ships at the head, and also on one side in midships as to hold, 
long as the carrying on of the works will admit, not only 
for the convenience of conveying the materials on board, 
but to facilitate the seasoning of the ship by creating a 
circulation of air; which latter object will be further 
promoted by leaving open the treenail holes in various 
parts until the calking of the ship. The calking of 
the ship is not to be performed until it shall be considered 
necessary. A strake is to be left open on the outside, 
opposite to the opening above the strake on the orlop 
beams within board. 

(548.) When a ship is not built or repaired under a 
roof, every possible precaution is to be taken to keep her 
dry during the progress of the works; and to accom- 
plish this desirable object, the forecastle, quarter deck, 
und round house are to be laid and calked us early as 
possible, aiul a temporary housing erected over the 
waist. Euve boards ure also to be fitted to the topside, 
as already practised, to carry the water from the ship. 

If necessity should compel the use of unseasoned tim- 
bers, it is to be boiled in the kilns, and afterwards 
exposed to the air as long as possible. 

(549.) Fig. 1, 2, and 3, pi. vi. represent the sheer plan 
or elevation, the body plan or plan of projection, and the 
half-breadth plan of a first- rate of 120 guns. 

(550.) Great (Britain is not only deeply interested in Oommoi> 
all that concerns her Navy, but also in that commercial rial marine 
marine, which counects her with other nations. When tlrcat 
we look at the magnitude of this portion of her power, at Brit*™* 
once the ample feeder of her wealth, und a nursery of sea- 
men for all the daring enterprises of war, We cannot but re- 
gard every improvement by which additional security can 
be imparted to it, with the greatest interest and delight. 

By the modes of ship-lnfilding commonly practised in 
our merchants' yards', Sir Robert Seppings observes 
there can be little doubt that lives and property to mi 
immense amount must from time to time be sacrificed by 
injudicious modes of construction, and by the inefficient 
plans which have had no better origin than a rude and 
barbarous experience. 

(551.) An idea of the great importance of our corn- its import- 
mercial marine may be gathered fiom the following ante, 
statement of the British shipping employed in the trade 
of the United Kingdom, and which have actually entered • 
the several Ports of Great Britaiu for some preceding 


years. 
British \ 
Tonnage J 1,! 


Cormncr- 


796,25.0 I 972,730 


1B2S IBM c ; .1 uhin,. 

1,955,548 2,033,654 2.036,091 


(552.) For the year 1831 we present a more detailed 
3 k 2 
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difocturT °0^ ie ®^*PP* n ff employed in the trade of the United repeated voyages,) with the number of their crews; Naval Ar 
v ingiiom, together with the number and tonnage of vessels separating British from Foreign ships, and distinguish- c h»tecture, 
entered inwards and cleared outwards, (including their ing the trade with each Country.* 


Inwards. 


Outwards. 


Countries, &c. 


Foreign, 


Foreign. 


Ships. Tons, Men. Ships.! Tons. Men. 


Men. Ships. Tons. Men. 


Denmark 
Prussia . 


Portugal, viz. Proper 

A sores 

Madeira 

Spain and the Balearic Islands 
Canary Islands. 

Gibraltar 

Italy nml the Italian Islands.. . 


Ionian Islands 

Turkey and Continental Greece 

Morca and Greek Islands 

Kgypt ( Ports on the Mediterranean.) 

Tripoli, Barbary. and Morocco 

Coast of Africa, from Morocco to the Cape of Good 


Cape uf Good Hope 

Eastern Coast from the Cape of Good Hope to Ba 

belmandel 

Cape de Verd Islands 

St Helena and Ascension 

Mauritius 

East India Company's Territories and Ceylon . . 


Philippine Islands 

Other Islands of the Indian Seas . . . 

New South Wales 

New Zealand and South Sea Islands 

British Northern Colonies 

British West Indies 


Cuba and other foreign est Indies 
United States 


Guatemala 

Colombia 


States of the Rio de la Plata 


The Whale b ishenes 

Islands of Guernsey, Jersey, Alderney, and Man . 
Foreign Parts, ’ the particular Places cannot be 



Imperfect (553.) With regard to the principle on which mcr- 
modo by cantile ships are at present constructed, and particularly 
whic J qs regards the putting together their ribs or frames, and 
areS pre ? 8 the arrangement of the materials, it may be observed, 
seut con- that in forming the frames or ribs, half of the timbers 
oiructcd only arc united so a9 to constitute any part of an arch, 
the alternate couples only being connected together; 
the intermediate timbers (termed fillings) being uncon- 
nected together, and merely resting upon the outer 
planking, instead of giving, as they ought to do, support 
to it. Ships so constructed cannot by any means pos- 
sess equal strength with those that have the whole of 
their timbers formed into frames or arches. 


(554.) Sir Robert Seppings observes, “that this 
imperfect mode of practice is peculiar Jo the English 
merchant, ship-builder ; and was pursued even till very 
lately tn his Majesty’s Navy, while the preferable system 
of connecting the ribs was common to other maritime 
Powers. There cannot be any doubt/’ he further adds, 
“ that the principle of uniting the frames now adopted 
in the construction of English ships of war, might with 
great advantage be also introduced into the mercantile 
Navy; thereby giving to the ships in that employ addi- 
tional strength and increased durability, without adding 
to the expense of building. 

(555.) There are also great objections to the present 


Principles 
employed in 
Navy might 
with advan- 
tage be 
adopted in 
merchant 
ships* 
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Great ob- 
jections to 
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mode. 


This mode 
peculiar to 
the English 
ship-builder 


Why 

chocks were 
introduced. 


Description 
<>f frames of 
u mercantile 

jihip. 


Defects. 


mode of joining together the several pieces of the same 
rib. In the ordinary way it is done by the introduction 
of a third piece, technically termed a chock or wedge 
piece. A, fig. 4. pi. vi. ; these pieces amounting to upwards 
of four hundred and filly in a 74-gun ship, and not less 
than that number in an Indiaman of 1200 tons. Of 
these chocks, not one in a hpndrcd is ever replaced in 
the general repair of a ship, being not only found 
defective, but very generally to have communicated their 
own decay to the timbers to which they are attached. 
In addition to this, the grain of the rib pieces is much 
impaired, to give them the curvature required ; and that 
they occasion a great consumption of materials, is ob- 
vious, the ends of the two rib pieces being first cut 
away, and then replaced by the chock. 

(556.) This mode of putting together the frame is 
also peculiar to the English ship-builder, and was 
introduced about the year 1714 ; and to the honour of 
Mr. Nash, the builder of the Hoyul William, it should 
be recorded, that he refused to adopt it. When that 
ship was taken to pieces at Portsmouth, in 18 J 3, Sir 
Robert Scppings found she was built without the wedge 
pieces or chocks, to which, in a certain degree, he attri- 
buted her strength and durability. 

(557.) Chocks were no doubt introduced in order to 
procure the necessary curvature, when crooked or com- 
pass timber became scarce, as may be seen in fig. 5. 
The same curvature, however, may equally be obtained 
by a different combination of materials, and at a con- 
siderable less consumption of useful timber. 

(558.) The frames of a mercantile ship, according to 
the present mode of building, before they are placed and 
united to each other, may be seen with their chocks or 
wedge pieces in fig. 6. From imperfect workmanship, 
also, the surfaces of the chocks are seldom in contact with 
those of the timbers ; and the ends of both are frequently 
reduced so thin, as to split hy the fastenings necessary 
to secure the planks to the ribs. Thus the ship, in the 
event of grounding, or even in the act of rolling, derives 
little support from timbers united only by two narrow 
edges. 

(559.) Another great defect, moreover, is, that the 
ends of the lower ribs or timbers, commonly termed the 
lower futtocks, fig. 6, are not continued across the keel 
C, so that no support is given in a transverse direction 
when the ship touches the ground ; nor any aid to 
counteract the constant pressure of the must. This 
great sacrifice of stre?iglk and safely is made for no 
other purpose than that of giving a passage for the 
water to the pumps. 

(560.) The floor timbers, which by this mode of con- 
struction are the only timbers that cross the keel, are 
also weakened for the same purpose, as shown at D, 
fig. 6. The conveyance of jthe water is hence very un- 
certain, the passage being very frequently choked ; the 
pumps, from its not being practicable to continue them 
sufficiently low, always leaving from six to eight inches of 
water in the ship. These compartments, therefore, con- 
stantly permit a certain quantity of putrid bilge water, 
offensive and injurious to the health of all on board. 

(561.) The deficiency of strength causes also an 
alarming insecurity in the plank of the bottom, as shown 
at E, fig. 6, termed the garboard strake ; which, conse- 
quently, has no other fastening to the general fabric than 
its connection with the keel at F, fig. 6, and a slight 
security at G, fig. 6 : hence it is obvious, that in the 
event of the keel being disturbed, the garboard strake, 


from its being attached to it, must share the same fate Naval An- 
as the keel, and in that case the loss of the vessel would chitecture. 
be inevitable. v— ^ 

(562.) To obviate these serious defects i* the principal Improve- 
object of the excellent Paper given by Sir Robert Sep- ” u ‘ n,s of 
pings in the Transactions of the Royal Society for lb‘2U. Sc IT m K s - 
The principle of this improvement may be seen by 
referring to fig. 7, the component parts of each rib being 
of shorter lengths and less curvature, and consequently 
less grain-cut. They are also rendered more firm and 
solid by substituting coaks or dowels for chocks or 
wedge pieces ; and the mode of connecting the lower 
timbers is better adapted, in the event of a ship ground- 
ing, to give support and strength to the fabric, as appears 
by the line denoted by II. 

(563.) This mode of connecting the ends of the tim- Origin of 
bers by circular dowels or coaks, as at 1, is that which 
has, from time immemorial, been practised to unite the ** 
fellies ot carriage wheels; and we learn from Mr. Wood, ^ 
that the same method has been observed in joining 
together the separate pieces of the shafts of the stone 
columns in the ruins of Balbec. 

(564.) To contrast the two systems, the Talavera, Comparison 
built according to the new plan, was compared with the 
Black Prince, constructed with chocks, the result being Black: ® 
most favourable to the former. The frame of the Tala- Prince- 
vera was composed of small timber, hitherto considered 
applicable only for the frames of frigates. Sir Robert 
was induced to attempt the construction iu this way ; 
from there being a surplus store of small timber in the 
yard, and from a conviction, that a well-combined num- 
ber of small timbers might be made equal, if not supe- 
rior, both in strength and economy, to the large, over- Timlwr 
grown, and frequently grain-cut materials, employed in commonly 
constructing the frames of large ships. The result has 
shown the correctness of the principle ; and its adoption may uMlicd 
cannot fail to prove of great national advantage, in the for lurgi r 
application of sloop limber to the building of frigates, ships, 
and of frigate timber to ships of the line, whenever large 
timber cannot be procured. On this principle, also, may 
frigates and small ships of war, or merchant vessels, be 
built of straight fir, without the assistance of ouk or 
elm, formerly employed to give the necessary curvature 
of the sides. As respects the general safety of the ship, Further 
it may be seen, by referring to fig. 8, pi. vi., and fig. 10, description 
pi. v., that the timbers uniformly cross the keel; that ,,f j 110 l' nu 
the frame of the ship is filled so os to form a compucl c ‘ 1 ’ e * 
body to the height marked K ; and that only certain 
internal slrakes of plank, or thick stuff, as it is termed, 
are introduced on the joints of the timbers, for the pur- 
pose of imparting strength where every alternate timber 
necessarily joins, as shown at L. The remainder of the 
inner planking may be omitted, and dunnage battens, 
in a perpendicular direction, brought upon the timbers 
between the plank, as shown at M, thereby forming 
regular spaces between each, as is usual at presem 
vpon the plank. This will give an increase of 
stowage in proportion to the thickness of the plank 
omitted. Water courses, denoted by dotted lines at N, 
are led in the joints of the timber under the plank, for 
the purpose of conveying the water to the pumps; 
which, by this plan, reach below the water, instead of 
being some inches above, as in former plans. No 
stagnant water will hence remain, the limber passage, 
forming a smooth uniform cliunnel, capable ot being 
cleared with ease, should it be required, whenever the 
hold is unstowed ; whereas at present it is inaccessible 
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in places, and forms compartments for putrid water, 
without there being any means of removing it. 

(565.) It is obvious that a ship constructed on this 
principle may sustain the loss of certain pLuk ■ the 
bottom, and^also the keel, (which has frequently hap- 
pened to ship9 of war on their being taken into dock,) 
and still reach the place of her »]<*• ‘button ; when the 
loss of either would be the ttadrnonini ,>l <i ship built on 
the present mode, [t is evident, also, ihat a ship con- 
structed on the new plan possesses greater capabilities 
of stowage, and ampler space for leakage than by the 
old; by omitting *the useless inner planking, and by 
laying the kentlage on dunnage, leaving a space for 
the water, which was formerly occupied by the inner 
lining. This dunnage in the bilge nmy be formed with 
the iron kentlage, and thereby serve as ballast, for which 
it is well calculated from its situation ; and by its occu- 
pying a space heretofore forming part of the fabric of the 
ship, cannot hut give an increase of stowage. 

(56(5.) The best mode of closing the openings be- 
tween the timbers, is by filling the intermediate spaces 
with pieces of wood, about three inches in depth, and of 
such lengths as the inferior conversions will atford. These 
fillings are to be well calked, after which the exterior 
plank is to be brought on. When the works are going on 
within board, similar pieces are to be fitted internally, and 
afterwards taken out for the purpose of filling the spaces 
between the pieces so fitted with a mixture of Parker’s 
Roman cement and drift sand, in the proportion of two 
to one, the opening being previously well payed with 
coal tar. Where there is sufficient space, a brick may 
be introduced, provided there is room for cement be- 
tween it and the timbers. When filled in to within 
about two inches of the surface of the frame, the three- 
inch pieces, already fitted and taken out, are to be well 
driven in and calked, thereby leaving no space unoccupied. 
These pieces may even be driven below the surface of 
the timber, leaving water courses to convey the leakage 
to the pumps in channels. Before the launching or un- 
docking of ships built on this principle, it has been the 
practice to inject the part filled in with mineral tar, by 
means of a simple forcing pump, boring holes in the 
joints of the timbers for the introduction of the pipe. 
By following this method, the air will be excluded, 
which, as experience has shown, tends much to the 
durability of the fabric. If what is here recommended 
be attended to, and mercantile ships be built under roofs, 
as ships of war now are, durability will be obtained in 
addition to safety, from the mode of their construction. 

(567.) The beams are to be attached to the sides, as 
shown at O, fig. 8. rendering wood knees unnecessary, 
i_ and requiring only a small number composed of iron. 
In fig. LI, pi. v. the portion P illustrates the old prin- 
ciple of framing the stern with transoms, and i) the new 
one, having timbers similar to the bow, omitting the 
transoms below the wing or upper transom. By intro- 
ducing the new principle on which the floors are made, 
the necessity of using the valuable compass timber, 
hitherto required, and which is with so much difficulty 
procured, is altogether avoided. Uniform support is 
thus given, and also increased room for stowage. In 
mercantile ships above 500 tons, Sir Robert Seppings 
recommends plate iron to be laid diagonally, us shown 
in fig. 10, pi. v. 

(568.) The important principle now recommended, 
not only causes a decrease in the consumption of mate- 
rials, and obviates th # difficulty of procuring the neces- 


sary curvature, but also affords protection from worms ex Naval Ai» 
ternally,and vermin internally. Leaks may be more easily chiteeture. 
discovered and stopped than by the old method ; and as 
a beautiful experimental proof of increased strength the 
Malabar, of 74 guns, built at Bombay, arrived at Ports- 
mouth, loaded to her upper deck with timber, having 
during her passage encountered four heavy gales of 
wind, without showing a symptom of weakness. This 
ship had no other attachment for her beams than the 
internal hoops and thick waterway; the iron knees hav- 
ing been omitted, from the difficulty of procuring them in 
India, until her arrival in this Country ; thus supporting 
her cargo without the aid of knees, either of wood or iron. 

(569.) The publication of Mr. Edyc’s valuable Work Mr.Edye's 
on Naval Calculations, has brought the great nume- 0 
rical results of ship-building into a very convenient point 
of view. The praiseworthy industry that has led to the 
formation of the numerous Tables contained in it, will, 
we hope, meet with its due reward. To the theoretical 
cultivator of Naval Architecture, as well as to the prac- 
tical shipwright, this collection of constants cannot but 
prove of tlie greatest value. 

The following Table contains the dimensions* of Dimensions 
different ships, with their light and load draughts of (llflelont 
water and height of ports. 8 lI>s ’ 

* We regret that our limits will not permit us to do more than allude 
with the greatest brevity to the important history of the dimensions 
of ships. It has been by very slow and gradual steps that our 
Navy has advanced in this important particular. In 1077 the 
length on the gun deck of a 100-gun ship, amounted but to 165 
feet, and in the establishment of 1745 it had increased only to 178 
feet. Spain was the first nation that increased the dimensions of 
ships to any considerable extent, and France followed her example 
with better success. The capture of the Princess of 70 puns from 
the Spaniards in 1 739, pointed out Ihe necessity of our inn easing 
the dimensions of our largest class of two decks ; but the French 
and Spanish Navies were long inferior to the English in tlie want 
of three-deckers, of which experience taught them the largest classes 
were much too powerful for their largest two-deckers. It wus not 
till after the Peace of 1763, that cither France or Spain possessed 
a single ship of three decks. It wus the English three-decker, the 
Royal George of 1 00 gnus, and of *2046 tons burthen, launched in 
1 7 f)6, that gave so great an impulse to ships of this class. The Com- 
merce de Marseilles, however, exceeded our present first-rates in 
length by 3 feet 4 four inches, in breadth by 1 foot 3 inches and a 
half, and in toniiHge by 145 tuns. 

By adopting 100 for the breadth of a three-deck ship of each of 
tlia following Nations, the proportional lengths arc those recorded 
in the following Table: Proportional Numbers Cor the 

11 read th. Length. 

Spanish 100 358 

Swedish 100 372 

French 100 380 

English 100 383 

Ana in the largest class of ships of two docks of 80-guns and 
upwards, theso proportional numbers are as follows : 

Spanish 100 Breadth. 362 Length 

Danish 100 367 

Swedish 100 369 

French * 100 375 

English 100 376 

By tAking the smaller ships of two decks, the proportional num- 
bers become : 


English ............. 

100 Breadth. 

361 Length. 

Spanish 

100 

365 

Swedish 

100 

365 

French 

100 

365 

Danish 

100 

373 

for frigates, we have the following : 


Spanish 

100 Breadth. 

367 Length. 

French (ImpGrieuse) . . 

100 

375 

English (Leda) 

100 

376 

Danish 

100 

377 

Swedish 

100 

379 

French (Niobo) 

100 

383 

English (Portland) . . . 

100 

399 
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Forward 


120 80 


26 

0 

6 

10 

5 

6 

6 

6 





lUzce 






— 


— 

1 


1 

52 

46 

Corvette. 

26 

23 

Corvette. 

18 

OrU 

18 


bri«. 

10 

Schooner 

Cutter. 

jFt. In. 

Kt. 

In. 


Ft. 

In. 

Ft. 

In. 

Ft. 

lu. 

Ft. 

In 

Ft. 

In. 

Kt. J n 

Ft. 

67 

In. 

3 

172 0 

150 

14 


145 

0 

113 

8 

112 

0 

100 

0 

90 

0 

80 0 

144 9 

125 

i< 


121 

H 

94 


92 

H 

77 

5* 

73 

7* 

64 54 

51 

4 

43 6 

39 

11 


3S 

2 

31 

6 

30 

6 

30 

6 

21 

6 

23 0 

21 

3 

44 2 

40 

3 


38 

6 

31 

10 

30 

10 

30 

9 

24 

8 

23 2 

24 

5 

14 6 

12 

9 


13 

3 

9 

0 

13 

10 

12 

9 

U 

0 

9 10 

10 

7 

1468 

1063 


944 

500 

456 

382 

23: 


183 

161 

Ft. In. 

Ft. 

In. 


Ft. 

In. 

Ft. 

In. 

Ft. 

In. 

Ft. 

In. 

Ft. 

In. 

Ft. In. 

Ft. 

In. 

12 2 

10 

9 

ij 

S-d 

10 

11 

9 

8 

10 

0 

6 

6 

7 

9 

6 1 

5 

1 

15 0 

15 

6 

11 

4 

11 

10 

11 

10 

11 

4 

10 

2 

9 0 

11 

10 

19 5 

17 

6 

■g c 
§.2 

17 

04 

15 

2 

14 

8 

11 

4 

11 

5 

9 2 

7 

7 

20 5 

19 

2 

so -5 

*18 

54 

15 

7 

15 

3 

14 

7 

12 

G 

11 8 

14 

5 

9 0 

8 

1 


9 

4 

5 

2 

5 

7 

5 

5 

4 

9 

4 7 

5 

9 

7 10 

7 

3 


8 

5 

1 

11 

4 

11 

4 

9 

4 

4 

3 5 

3 

2 

8 10 

8 

1 




9 

10 

5 

5 

5 

10 

5 

0 

4 

8 

3 7 

3 

11 


Total amount* 


£. 

a. 

, 1 . ' 

£. 

A. 

* 

£. 



£. 

A. 

d. 

£. 

s. 

ft. 

£. 

A. 

< 1 . 

£. 

A. 

d. 

i 

11 

» 1 

5 

13 

2 

4 

12 

0 

4 

14 

« 

4 

16 

0 

1 

11 

10 

M 

6 

3* 

0 

3 

8 1 

0 

5 

04! 

0 

5 

4 

0 

5 

<14! 

0 

r> 

5 

0 

r> 

5 

0 

5 

7 

0 

7 

c 

0 

11 

9 j 

0 

12 

7 

0 

11 

51 j 

0 

12 

3 

0 

11 

7 

0 

12 

0 

0 

.7 

8 

0 

6 


0 

5 

3 

0 

1 

or 

0 

2 

9 

1 ° 

.» 

10 

0 

2 

8* 

0 

1 

f> 

0 

0 

0 

0 

1 

4 

1° 

1 

21 

1 ° 

1 

4 

l u 

1 

6 

0 

1 

5 

' 

1 



i 

" 


3 11 5 \7 0 4 15 10 6 15 10 10 15 18 9 15 14 


4812 7 2878 IS 2090 IS 1812 5 1130 15 1 840 0! 094 1 
201 6 1 2B 19 123 13 102 10 73 0 

450 01 398 6 296 6 290 15 219 3 J 14 1ft 

480 0| 404 5 136 8 120 0 78 2 30 4 


7143 0 5926 4 3508 11 2656 6 2234 0 1395 6 1015 0. 870 0 


Great dif- (57 1 .) It appears from this Tabic that the rates of 
ference in ] a b our f or the different classes of ships are by no means 
labour for In the shipwrights, for example, there is a 

' different difference between the maximum rate for the 28-gun 

ships. ship, and the minimum rate for the 52-gun frigate, 

amounting to no less than £l. 1 5s. 2d, per ton. It 
would be curious to trace the cause of so great a differ- 
ence. The cheapest ship for the calkers and joiners is 
also the 52-gun frigate ; but the maximum price for the 
former trade is found in the 10-gun brig and the 
schooner ; and for the latter trade, the greatest price is 

* From these sums 20 per cent, must be deducted to bring them 
to the Peace rates. 


found in the 120-gun ship, and the 18-gun corvette. 

The greatest rate of labour for the smiths is found in the 
46-gun frigate, and the least in the cutter. The cheap- 
est vessel for the painters is the 18-gun brig, and the 
clearest the three-decker. Taking all the ships, the 
dearest vessel per ton is the 28-gun ship, and the cheap- 
est the 52-gun frigate. We might pursue these com- 
parisons further, did our limits permit. 

(572.) The relations, also, of the rate per ton for 
labour and materials are deserving, also, of an attentive of 1»- 
consideration. In the fourth and fifth columns of the lH) „ rHn( j 
succeeding Table, this relation is exhibited, the timber mnteriahi. 
exceeding the labour in the greatest ratio in the 120-gun 
ship, and the least in the 18-gun brig. 
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Number of 
Guns. 

Rate 
per Ton 
for 

Labour. 

Rate 
per Ton 
for 

Materials. 

Ratio 

of 

Labour 
to Cost 
of Ma- 
terials. 

1 

Total 

Expense 

of 

Labour. 

Total 
Expense 
of Ma- 
terials. 

Total 
Cost of 
Ship’s 
Hull. 

Total 
Cost of 
Masts 
and 
Yards. 

Total 
Cobt of 
Rigging 
and 
Blocks. 

Total 
Cost of 
Furni- 
niture 
and Sea 
Stores. 

Total 
Expense 
of Equip' 
raent.* 

Cost 
per Gun 
to the 
nearest 
Unit. 



£. 

s. 

d. 

£. 

a. 

d. 


£. 

£. 

£. 

£. 

£. 

£. 

£. 

£. 

120 

6 

0 

2 

29 

18 

7 

5 : 31 

15643 

77878 

93521 

3879 

2994 

16805 

117199 

977 


80 

5 

5 

0 

23 

7 

9 

5 : 25 

11976 

53303 

65279 

3506 

2997 

15114 

86896 

1096 


74 

5 

10 

5 

28 

0 

3 

5 : 30 

9615 

48773 

58388 

2994 

2691 

12433 

76506 

1034 


52 

4 

17 

5 

20 

3 

2 

5 : 26 

7143 

29G01 1 

3G744 

2598 

2013 

9512 

50867 

978 


46 

5 

11 

5 

20 

18 

5 

5 : 24 

5926 

22237 

26163 

1477 

1676 

7952 

39268 

854 


28 

7 

0 

4 

24 

4 

1 

5 : 22 

3508 

12103 

15611 

745 

7G4 

4434 

21554 

770 

Corvette 

18 

5 

16 

6 

19 

12 

7 

5 : 22 

2656 

8954 

11G10 

635 

792 

3706 

16743 

930 

Brig . . 

18 

5 

16 

10 

17 

13 

9 

5 : 20 

2234 

6758 

8992 

526 

610 

3285 

13413 

745 

Brig . . 

10 

5 

18 

9 

19 

11 

9 

5 : 21 

J395 

4604 

5999 

327 

395 

2075 

8796 

860 

Schooner . . 

5 

14 

2 

19 

9 

0 

5 : 22 

J045 

3560 

4G05 

200 

170 

1380 

6355 


Cutter . 

. . . 

5 

8 

0 

19 

6 

5 

5 : 23 

870 

3110 

3960 

351 

171 

1368 

5970 
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Loads of 
timber for 
different 
ships. 

Number of 
men to 
build a ship 
of each 
class. 


(573.) The next Table contains a statement of the man can work up in a twelvemonth in building') and of 
loads of rough timber, plank, &c. required for building the number of men it will take to complete a ship in that 
each class of ship and vessel ; of the quantity that one time for launching, calculated at the War rate. 


Rato of Ship 

Quantity of Loads required ...... 

Ditto, that one Man can work in al 
Twelvemonth J 

Number of Men to Jmild a Ship! 
in the same period J 

120 

80 

74 

52 

46 

28 

Corvutte. 

18 

Brig. 

18 

Brig. 

10 

Schooner. 

Cutter. 

5830 

29* 

200 

4339 

28} 

153 

3600 

29} 

122 

23 72 

25} 

914 

1800 

23} 

76 

963 

22 

44* 

624 

18* 

33} 

471 

17* 

27} 

337 

184 

18 

1 

250 

18* 

13* 

186 

17 

11 

If estimated at the Peace rate, the following will be the results. 

Quantity of Loads for one Man in ] 
a Twelvemonth J 

Number of Men to build a Shipl 
" in the sume period j 

35( 

160 

34J 

1221 

35} 

97 

30 

r.9 

28* 

60 1 

26 

354 

1 

* 22} 

27 

21 

221 

1 

22 

14* 

22 

10} 

20J 

SI 


.Number of 
men to rig 
a ship of 
fuch class. 


(574.) The time in which 20 riggers can fit the rig- 
ging and blocks of each class of ship and vessel is given 
in the following Table : 


4 * 


Class of Ship and Vessel. 

Hours. 

120 Guns 

300 

74 to 60 

285 

50 

260 

4 46 

230 

.W- 28 

140 

. y<f©18 Corvette 

110 

1 iV: * : 18 Brig 

105 

" 10 

80 


(57 5.) With this Table we reluctantly quit the import- 
ant subject of Naval Architecture. It is one of grow- 


ing interest to the World, and the present distinguished 
Surveyor of the Navy, Captain Symonds, in the ships 
already built and now building by him, has so largely 
increased the dimensions of ships, that we cannot but 
anticipate the most splendid results from his important 
plans. 


*’ 20 per cetft. must be deducted from these sums for labour, ami 
18 per cent, for materials, to reduce them to the Peace rates. The 
Cornwallis of 74 guns, of 1609 tons’, was built at Bombay of teak, 
at £30. 14*. a ton. The Triocomalee frigate, of 1065 tons, at the 
same place, of the same material, at £29. 8*, 2c/. per ton. The Vic- 
tory, also, of 382 tons, at £23. 9s. 7d. a ton; the Zebra, of 385 tons, 
at £21. 6*. 7 d. aton ; the Sphinx, of 239 tons, at £24. 6*. 6d» a ton; 
and the Camden, of 240 tons, at £25. 3i. lOrf. a ton. 





























CRYST A L tO G R A P H Y. 


Cry-stiil- 

lugiAphy. 


Tug following Treatise ha9, for the accommodation of, 
Oi lie rent classes of readers, been divided into two Parts. 

In the First an explanation is given of the relations of 
Crystals, founded upon the characters and positions of 
their planes ; and in the Second/ those relations are in- 
vestigated and demonstrated mathematically. 

The following characters are used in this Treatise. 

A, E, I, O, on the angles of primary terminal 
planes. (98.), 

11, C, D, F, on the primary terminal edges. (98.) 

G, H, on the primary lateral edges. (98.) 

P, M, T, on the primary planes shown in the figures. 
(98.) 

|| P, || M, || T, primary planes parallel toP,M,T. (106.) 

v. general expression of the law of decrement. (124.) 

A, E, &c., simple decrement on the terminal angles. 

(i2i.) ; 

A,., K,., &c. f general symbol of simple decrements on 
the lateral angles. (124.) 


terminal or laterul edgqs. 


li, II, &e., decrements on 
(!■-'■> ) 

(IV I V,, TV',) intermediary decrement. (127.) 

0, no decrement, absence of any symmetrical plane, 

127.) as 15, when only the upper plane of mod. c of 

0 v 

the £ ubt* occurs in the Crystal, (127.) or A A, when a 
plane occurs only on the alternate angles. (128.) 

00 absence of a symmetrical intermediary plane. 
(127.) 

a, /), c, &c., on the modifying planes. 

", b, < 7 , 'l, modifying planes on the angles of the 
doubly oblique prism, and ?, of the oblique rhombic 
prisrn. when they cut the terminal plane parallel to a 
diagonal. (106.) 

ft, plane a of doubly oblique prisrn when it cute M 
parallel to a diagonal. (106.) 

a,, the same modification when it cuts T parallel to a 
diagonal, (106.) and so of ,b, &„ c, &c. 

b„ &c., when an angle is modified by two symmetrical 
planes, as in the square prism, which cut the lateral 
planes parallel to a diagonal, (103.) 

h 

when only one of such planes appears on the left 
in the Crystal. (103.) < 

when the single plaue is.on the.right, (103.) 

~ r,whcn only one of two intermediary planes occurs 
on the right. (103.) 

l—y when. the single plane occurs on the left. (103.) 


are modifiod by only one half the number of planes re- Definitions 
quired by the law Of symmetry. (101.) '* ; and Kiq>ia- 

m, n, o, comparative lengths pf primary edges. (133.) v 
p , 0 , r, comparative lengths ,of edges of the defect. 

( 121 ) 7 . 

V,a, P,&, o, b, &c., inclination o( P on o, or 6 , of a ■ 
on 6 , &c. (81.) 

PART I. 

Definitions and Explanation*. 

(1.) The object of the Science *of Crystallography, 
regarded as a branch of Mineralogy,. is fo describe and 
explain the relations which subsist among the various \ 
crystalline forms of, minerals, so as to enable the Mine- V 
ralogist to determine the species of a‘mii\er&) from the 
characters of its Crystals. 

These relations will be explained by first separating / 
the Crystals into groups, and then selecting one from 
each group as a standard, with which the remainder of 
the group may be compared. ■ ■ ; , 

( 2 .) The standard so selected will be termed thepri- . , 
mary fonn , and the remainder of the group secondary \ 
forms , as will be afterwards more fully cxplaiucd. 

(3.) A Crystal , in Mineralogy, is any mineral solid, j 
whether transparent ur opaque, contained within natural . 
surfaces, generally plane, but' occasionally curved, and . 
symmetrically arranged. ' / 

(4.) These surfaces, as b 9 c, fig. 1 , are called 
planes or faces,. and to distinguish them from such as/'; 
arc developed by splitting a Crystal, they arc called its ' 
natural planes . . * 

The plane a, and that on which the figure fs supposed 
to. rest, are by some authors called summits, or bases, but . 
they arc more conveniently distinguished as terminal, s 
planes ; the planes 6 and c, and those parallel to them, 7 . 
are lateral planes. 

(5.) Crystals' may sometimes be split in directions 
parallel to their natural planes, and frequently in other '• 
directions. ‘ 7 - 5 

The splitting a Crystal in any direction, 'so as to pwvy 
duce a new plane, is termed cleaving it, and the Crystal 
is said r to have a cleavage in the direction in which 
may be so split. . * 1 -■ *' 11 

( 6 .) The' planes produced by cleaving a Crystal are.^ 
called its cleavage plane*. But when, a cleavage merely ; 
separates adjacent Crystals, without dividingtho Crystals 
themselves, the planes then developed are termed planes 
of composition „ 7 ' / ' * 

Both l^e natural and cleavage planes f of Crystals are / 
sometimes found to differ in lustre and' other characters . 
according to their position on the Crystal. 

(7.) An edge, as d, fig. 1 , is the line produced. by the;;;# 
meeting of two plaues: . ’ r . ' *' "M 


— , &c.» when planes occur only on the alternate V- : If tne two planes which produce on edge; ore those, of^ 

, * , , . ■; o primary form; the edge is termed primary, If they erej-tf 

angles or edges of the cube- (WO.) ; . ^secondary* and belonging to the tame modification', tfnt| 

.JLa JLil &e_ when the afarles ar edirea of the cube is termed secondary. Butif an edge be produced' ' 

• T 1 ’* ^w»f»f®?W^?^^ 0 f»becube fleeting, of .a primary wid a secondary plane*# 

' “ “ 
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Crystal- of different secondary planes, it is termed an edge of 
lo^rayhy. combination. • 

The edges of the terminal planes, as d, e, m, n , fig. 1, 
are terminal edges, and f g, h, produced by the meeting 
of the lateral planes, are lateral edges . 

(8.) A plane angle , or, as it is more commonly 
termed, an angle, is formed by the meeting of any two 
lines or edges, which are sometimes said to contain tho 
angle. , The angles doe, dog , fig. 1, are formed by 
, the meeting of the lines d o t o e, and d o, o g. 

(9.) A solid angle is produced by the meeting of three 
or more planes, as at o, fig. I. b 

(10.) The measure , or, as it is sometimes termed, the 
value of an angle , is the number of degrees, minutes, 
&c. of which it consists ; these being determined by the 
portion of a circle which would be intercepted by the 
two lines forming the angle, supposing the point of their 
meeting to be in the centre of the circle. 

For the purpose, of measuring angles the circle is 
divided into 360 equal parts, called degrees ; each de- 
gree into 60 minutes ; each minute into 60 seconds ; 
each second is sometimes further subdivided into 60 
thirds ; and so on if more minute divisions be required. 
And these divisions are thus respectively designated, 
360®, 60', 60", 60"'. 

If one fourth of the circle be intercepted by the two 
lines a o, o 6, fig. 2, which meet at un angle a o b in the 
ceutre, those lines arc perpendicular to each other, the 
angle they contain is 90°, and is termed a right angle* 

- If less than one fourth of the circle be so intercepted, 
as by the lines o b, o c, the angle boo is less than 90°, 
and is said to be acute. If it measure more than 00°, 
as it would if the angle were formed by the lines o o, 
o c, it is called obtuse. 

(II.) The planes of a Crystal are said to be similar 
when their corresponding edges are proportional and 
their corresponding angles equal. 

(12.) Edges ate similar when they are produced by 
the meeting of planes respectively similar at equal 
angles, 

(13.) singles are similar when tliey are equal, and 
contained within similar edges respectively. 

(14.) Solid angles arc similar when they are com-- 
posed of equal numbers of plane angles, of which the 
corresponding ones are similar. 

(15.) The homogeneous particles, by the regular ag- 
gregation of which Crystals arc conceived to be pro- 
duced, are termed molecules ; and these arc assumed to 
be separable, but not divisible, by splitting or otherwise 
breaking the Crystal. 

These molecules, which relate properly to the Crystal, 
must, when the crystallized mineral is not a simple body, 
be carefully distinguished from the elementary par licks 
of which the mineral itself is composed. Sulphur and 
lead arc the elementary particles of galena, in which 
. tjiey are chemically united but it ts the molecules of 
: galena which are conceived to form the crystalline 
mass. 

(16.) The same species of mineral Is frequently found 
crystallized in a considerable variety of forms. 

: ,, (1?;) The* term firm as it is used here, and as it will 
be employed throughout this Treatise, does not refer to 
; ihc actual figure of any particular Crystal, but to that 
/.perfect figure which the Crystal would present if all Us 
gperttf were frilly proportional and symmetrical. 

.. , Thus one of the firms of the Crystals of fluate of 
lime is, a cube, all of whose planes arc equal squares ; 


but the actual figures of the Crystals which represent Definition® 
that form, are probably never contained under equal ttu, l H*rl<*- 
square planes, but under unequal rectangular ones, t ^ 
•which differ also in different Crystals. ' J 

(18.) From among the various forms belonging to 
any species of mineral, some particular one may be 
selected from which the others might be derived in a 
manner winch will be afterwards explained. This form 
does not, however, always occur among the natural 
Crystals of a species, but is sometimes inferred from 
cleavage or other circumstances. 

This parent Crystal has been already termed a pri- 
mary firm, and the others which arc conceived to be 
derived from it, secondary forms. 

(19.) The selection of a figure which is to be re- 
garded as the primary form of a species, is in some 
degree arbitrary, as will be afterwards shown. And the 
number of different primary forms is also within certain 
limits a matter of choice. 

The following have been adopted in this Treatise, be- 
cause they appear to afford the most simple explanations 
of the relations of Crystals, and thus tend to facilitate 
the study of this important and interesting branch of 
Mineralogy. 

(20.) The cube, fig. 3, contained within six square 
planes. The regular tetrahedron, the regular octahedron , 
the rhombic dodecahedron, and the pentagonal dodeca- 
hedron, and their modifications, are secondary forms of 
the cube, and will consequently be referred to that figure 
as their primary form. 

(21.) A right prism with a square base, or square 
prism, fig. 4, in which the edge H is always greater or 
loss than G The tuiahedran with a square base, and 
its modifications, will be referred to this prism as its 
primary form. 

(22.) A right, rhombic prism , fig. 5, whose lateral 
planes M, M' are equal. These planes may be either 
square or rectangular. The octahedron with a rhombic 
base, and the right rectangular prism , with their modi- 
fications, are secondary forms of this prism. 

(23.) An oblique rhombic prism, fig. f>, whose lateral 
pianos M M' are equal, oblique-angled parallelograms. 

The right oblique angled prism and its modifications w ill 
be referred to this form. 

(24.) A doubly oblique prism, fig. 7, whose terminal 
and lateral planes are oblique-angled parallelograms. 

The only equality subsisting among these planes, is be- 
tween each pair of parallel ones. 

(25.) The rhomboid , fig. 8, a solid contained within 
six equal rhombic planes, and having two of its solid 
angles, a, b, composed of three equal and similar plutic 
angles ; these are sometimes called summits. 

The regular hexagonal prism being a secondary form 
of the rhomboid, will.be referred to that figure as its 
primary form. 

(26.) The secondary forms of Crystals consist of all 
those varieties which differ from the primary, and which, 
although extremely numerous, may be arranged in a few 
general groups, as will appear in the sequel. 

(27.) The general group , or series of Crystals, related 
to either of the preceding primary forms, constitutes 
what is sometimes termed a system of Crystallization. 

(28.) And a particular group, or individual aeries of 
Crystals, belonging to a particular mineral, to whatever 
system \t in ay appertain, is sometimes termed a series of 
Crystallization. 

(29.)' A line, as i k , or p q, fig* 1, drawn through 
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Crystal- two opposite angles of any parallelogram, arid dividing 
lo^raphy.^ ^ j n i 0 two equal parts, is called a diagonal of that 
plane. 

In the oblique rhombic prism, fig. 6, the doubly 
oblique prism, fig. 7, and the rhomboid, fig. 8. The 
line a c, which appears to lean from the spectator, is 
termed the oblique diagonal , and the line f g of the 
oblique rhombic prism, and df of the rhomboid, the 
horizontal diagonal . 

The line d f of the doubly oblique prism may also, 
for the sake of uniformity, be termed its horizontal diago- 
nal ; although from the nature of the figure, that line 
must be in some degree oblique when the lateral edges 
arc perpendicular. 

(30.) The diagonal plane of a solid, as i k p q t fig. 1, 
is an imaginary plane passing through the diagonal lines 
of two parallel planes, dividing the solid into two equal 
parts. 

A diagonal plane passing through the oblique diago- 
nal of the oblique rhombic prism or rhomboid is termed 
the principal section of each solid. 

(31.) The axis of a Crystal is an imaginary line 
passi ng through the centre of the solid. 

That which also passes through the centres of the 
terminal planes of a cube or prism is termed a prismatic 
axis. 

From the regularity of figure of the cube it may be 
said to have a prismatic axis in three directions. 

That which passes through two opposite solid angles 
of a cube or prism is termed an oblique axis. 

That which passes through the centres of two lateral 
planes of a prisrn may he termed a horizontal axis . 

The axis of a pyramid passes through its terminal 
point and through the centre of its base. 

The axis of a rhomboid is a line passing through its 
two summits. 

The diagonals and axes of Crystals and the diagonal 
planes are frequently referred to in describing the forms 
of Crystals. 

(32.) A Crystal is said to be in position , when it is 
so placed, or held, as to permit its being the most easily 
and precisely observed and described. 

The cube rests on one of its planes, and all prisms on 
their respective bases. 

The rhomboid is supposed to be held with its uxis 
vertical. 

(33.) The different primary forms stand in the fol- 
lowing relations to each other. 

If wc imagine the lateral edges of the cube, fig- 3, 
to be lengthened or shortened, a square' prism would bo 
produced. 

It will facilitate • our description of the relation of 
some of the primary forms to certaiu others, if we cou- 
ceive the edges to be formed of wires, united at the 
solid angles by universal hinges or joints, and thus ren- 
dered movable in every direction ; and, together with 
the axis, capable of being lengthened or shortened. 

If we conceive one of the oblique axes of the cube to 
be lengthened, the resulting figure would be on acute 
rhomboid. If the axis were shortened by bringing two 
opposite solid angles nearer together, an obtuse rhomboid 
would be produced. 

If two opposite lateral edges of e square prism be 
supposed to approach each other, so as to shorten one 
of the diagonals of the terminal plane and lengthen the 
other, the resulting figure would be a right Wiombic 
prism ; and if this prim were forced firm it* perpendi- 


cular in the direction of either of the diagonals of its Definitions 
terminal plane, an oblique rhombic prism would he * n <l Kxpla. 
produced. . nations. 

And if this were again made oblique in the direction 
of a terminal edge, a doubly oblique prism would be the 
result. 

(34.) The first formation of a Crystal is supposed 
theoretically to take place by the aggregation of a few 
homogeneous molecules around a single central one, 
so as to produce a small solid precisely similar in form 
to the molecules composing it. 

(32.) Crystals so formed are conceived to increase in 
magnitude by the continual additions of laminin, or 
plates of similar molecules to their surfaces. 

These plater are theoretically supposed to be either 
single, that is, of the thickness of single molecules, or 
to be double, triple, dc., that is, of the thickness of two, 
three, or more molecules. 

Fig 9. represents a single plate of molecules. 

Fig. ID represents a double plate. 

(36.) When the added plates successively envelope 
the whole of a smaller Crystal, its original form is pre* 
served through every increase of size, as is shown in 
fig. 11, representing a square prism which has increased 
in magnitude without change of form. When the addi- 
tions do not cover the whole surface of a primary plane, 
but there are rows of molecules omitted on the edges,, 
or angles of the superimposed plates, such omission is 
called a decrement ; because the primary form on which 
the diminished plates are successively laid, appears to 
decrease, as it were, on the edge or angle on which such 
omissions take place. 

(37.) Decrements are said to begin at, or to set out 
from, the particular edge or angle at which the oinihsion 
of molecules first takes place; and to proceed along 
that plane on which the defective plates of molecules are 
laid ; and they are said to take place either in breadth 
or in height. 

Decrements in breadth are those which result from 
the reduction of the superficial area of the superimposed 
plate, by the abstraction of rows of molecules from its 
edges or angles.. - 

Decrements in height relate to the thickness of the 
plate from which the abstraction of rows of molecules 
takes place. 

Decrements ore divided into two principal classes, 
simple and intermediary . 

(38.) Simple decrements are those in which one or 
more rows, in breadth, are abstracted from plates of one 
or more molecules in thickness. 

Fig. 12 exhibits a simple decrement by ohe row in 
breadth on the edge c d of the primary form. 

Fig. 1 3 exhibits a simple decrement by one row in 
breadth on the angle c of the primary form. 

For the sake of rendering the expression rows of 
molecules generally applicable to decrements both on 
the angles and edges of ft primary form, the term row 
is applied to express the single molecule first abstracted 
from the angle of any plate. 

In fig. 14 the single molecule a b is regarded as the 
JirsLrow to be abstracted from the angle of the imagi- 
nary plate ; the two molecules c, d as the second row ; 
the three molecules e % f as the third row , and so on. 

Fig. 15 shows a simple decrement by two rows ux 
height on the edge c d of the primary form. 

Fig. Ifi shows a simple decrement by two rows W 
height on an angle of the primary form. 
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Crystal* It is observable in these figures, that each successive 
lumpily. pi il tc is less by one row of molecules than the plate on 
vv hj c h it rcs ts. It is by this continual recession of the 
edges of ihe added plates, that the Crystal appears to 
decrease on its edges or angles, and that new planes 
ore produced. The edges of the new planes which 
would be produced by the four preceding decrements, 
are shown by the lines abed , tig. 12 and 15, and by 
the lines a b c, fig. 13 and 16. 

When the numbers of molecules in height and breadth 
are different, the nature of the decrement is expressed 
by a fraction, of which the numerator , or upper figurc t 
denotes the number of molecules in breadth f and the 
denominator , or lower figure, the number in height ; 
thus a decrement denoted by \ would imply an abstrac- 
tion of a single row from a plate of two molecules in 
thickness, and one denoted by ;} an abstraction of four 
molecules in breadth and three in height. 

(31). ) Intermediary decrements ailed only the solid 
angles of Crystals, and maybe conceived to consist in 
the abstraction of rows of small masses of molecules from 
the successively superimposed plates, each mass, or as it 
may be termed, compound molecule , containing unequal 
numbers of single molecules in length, breadth, and 
height. Thus if we suppose the compound molecule 
abstracted in an intermediary decrement to belong to a 
single plate, it must consist of some other numbers of 
molecules in the directions d and e, tig. 17 and IS. 

In fig. 17 the compound molecule consists of a single 
molecule in height, two on the edge d , mid three on the 
edge e, producing the new plane a b c. 

Fig. IS exhibits an intermediary decrement in which 
the compound molecule consists of three single mole- 
cules in height, four on the edge </, and two oil the edge 

producing the new plane abc. 

It may be remarked, that the planes produced by 
simple decrements intersect one or moie of the primary 
planes in lines parallel to one of their edges or diagonals. 
The term intermediary has been used, because the line 
at which the secondary plane thus produced intersects a 
primary plane, is never parallel to either an edge or 
diagonal of that plane, but is an intermediate line be- 
tween them, as may be observed by comparing the 
figures. 

(10.) The new planes produced by decrements are 
denominated modifying or secondary planes, and the 
primary form, when altered in shape by the interfeienee 
of Mich planes, is said to be modified on the edges or 
angles on which they have been produced. And such 
edges or angles are also said to be replaced by the 
.secondary planes. 

(11.) The law of a decrement, or, ns it is some- 
times expressed, of a plane, is a term used to denote the 
numbcis of molecules in height and breadth ahsti acted 
from each of the superimposed plates, in the production 
of such plane. 

(4*2.) It is evident from an inspection of the pre- 
ceding figures that the (fleet of any decrement upon 
the primary form is similar to that which would take 
place if the enlarged Crystal lmd been first completed, 
and then the whole of the omitted molecules removed 
from it hi one mass. 

Thi** mass, being* all the addition to the secondary 
form which would he required to complete the primary, 
will be termed the defect of the primary form. , And it 
is obvious from the preceding figures that the primary 
edges of this defect must be composed of edges of mole- 


cules respectively proportional to the numbers w hich Of the Co- 
express the law of decrement. monitor. 

Thus in fig. 13 each edge of the defect would consist 
of the edges of three molecules, and these being re- 
spectively divided by 3 correspond to a decrement by 
one row. 

The edge of the defect of fig. 15 corresponding to the 
lateral edge of the prism must consist of four molecules, 
and the edge corresponding to the terminal edge of the 
prism of two molecules ; which numbers agree with the 
law of decrement, the proportion of 4 to 2 being the 
same as that of 2 to 1. 

This theory of decrements, as it will be afterwards 
seen, is introduced for the purpose of rendering the 
explanations of the manner in which the secondary 
forms of Crystals may be conceived to be .produced 
more distinct. * 

(43.) When an edge, or solid angle, is replaced by 
one plane, it is said to be truncated . When an edge is 
replaced by two planes, which respectively incline on 
the adjacent primary planes at equal angles, it is be- 
velled. 

(44.) If any secondary plane replacing an edge, ami 
being parallel to it, incline equally on the two adjacent 
primary planes, or if replacing a solid angle, it incline 
equally on all ihe adjacent primary planes, it is called a 
tangent plane. 

Of the Goniometer . 

(45 ) The instruments used for measuring the angles 
at which the planes of Crystals incline to each other, are 
called Goniometers. 

(46.) The mutual inclination of any two planes, as 
of a and 6, lig. 1ft, is indicated by the angle, formed by 
two lines cd,ef drawn upon them from any point a 
on the edge at which they meet, and perpendicular to 
that edge. 

Now it is known that if tw r o right lines, as g j\ d //, 
fig. *20, cross each other at any point e, the opposite angles 
d e j\ g e. h are equal. 

If, therefore, the lines g f d h arc supposed to he 
very thin and narrow plates, and to be attached together 
by a pin at c , serving as an axis to permit t lie point f to 
be brought nearer either to d, or to h; and that the 
edges e d, cf of those plates, are applied to the plains 
of the Crystal, fig. lft, so as to rest upon the lines *'d,ef 
it is obvious that the angle g c h of the movable plates 
would be exactly equal to the angle def of the Crjsta!. 

(17.) The common Goniometer is a small instrument 
for measuring this angle g c. h of the movable plates. 

It consists of a semicircle, tig. 22, divided into 360 equal 
parts, or half degrees, and a pair of movable arms 
A h , g f fig. 21. The semicircle having a pin at i, 
which fits into a hole in ihe movable arms at e. 

The method of using this instrument is, to apply the 
edges d e, e f of the movable arms to the two adjacent 
planes of any Crystal, so that they shall accurately touch 
or resi upon those planes in directions perpendicular to 
their edo Cm The arm dh is then to be laid on the 
plate in n of the semicircle, fig. 22, the hole at c being 
suffered to drop on the pin at i, and (he edge nearest to 
h of the arm g e will then indicate on the semicircle, as 
in fig. 23, the number of degrees which tlur measured 
angle contains. 

When this instrument is applied to the planes of a 
Crystal, the points d and f fig. 21, should be previously 
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brought sufficiently near together for the edges d e % ef 
to form a more acute angle than that about to be mea- 
sured. The edges being then gently pressed upou the 
Crystal, the points d and f will be gradually separated, 
until the edges coincide so accurately with the planes 
that no light can be perceived between them. 

The common Goniometer is, however, incapable of 
affording v^ry precise results, owing to the occasional 
imperfection of the planes of Crystals t their frequent 
minuteness, and the difficulty of applying the instrument 
with the requisite degree of precision. 

(4S.) The more perfect instrument, and one of the 
highest value to Crystallography, is the reflective Gonio- 
meter, invented by l)r. Wollaston, which will give the 
inclination of planes whose area is less than of 

an inch, to less than a minute of a degree. 

This instrument, has been less resorted to than 
might, from its importance to the Science, have been 
expected, owing, perhaps, to an opinion of its use being 
attended with some difficulty. Hut the observance of a 
few simple rules will render its application easy. 

The principle of the instrument inay be thus ex- 
plained. 

Let a b c, fig. 21, represent a Crystal, of which one 
plane only is visible in the figure, attached to a circle, 
graduated on its edge, and mo\ahle on its axis at o ; 
and let a and b mark the position of the two planes 
whose mutual inclination. is required. 

And let the lines o e, o g, represent imaginary lines 
resting on those planes in directions perpendicular to 
their common edge, and the dots at i and k to be some 
permanent marks in a line with the centre o. 

Let the circle be in such a position that the line o c 
would pass through the dot at h y if extended in that 
direction, as in fig. *24. 

If the circle now be turned round with its attached 
Crystal, as in fig. 25, until the imaginary line o g is 
brought into the position of the line o c in fig'. 24, the 
number 120 will stand opposite the clot at i. 

This is the number of degrees at which the planes a 
and h incline to each other. For if the line o g be ex- 
tended in the direction o i, as in fig. 25, it is obvious 
that the lines o c», o *, which are perpendicular to the 
common edge of the planes a and b 3 would intercept 
exactly 120° of the circle. 

Hence an instrument constructed upon the principle 
of these diagrams, is capable of giving with accuracy 
the mutual inclination of any two planes which reflect 
objects with sufficient distinctness, if the means can be 
found for placing them successively in the relative po 
sit ions shown in the two preceding figures. 

(411.) This purpose is effected by causing an object, 
as the lino at m, fig. 26, to be reflected successively from 
the two planes a and b , at the same angle. 

It is well known that the images of objects are reflected 
from bright planes at the same angle as that at which 
their rays fall on those planes ; and that when the image 
of an object reflected from a horizontal plane is observed, 
it appears as much below the reflecting surface as the 
object itself is above it. 

if therefore the planes a and b , fig. 26, are success- 
ively brought into such positions, as will cause the 
reflection of the line at tn 9 from each plane, to appear to 
coincide with another line at 7/, both planes will be suc- 
cessively placed in the relative positions of the corre- 
sponding planes in fig. 24 and 25. 

To bring the plane 9 of any Crystal successively into 


these relative positions, the following directions will be Of the Go- 
found useful. mometer. 

(50.) The instrument, as shown in the sketch, fig. 27, ** 

should be first placed on a pyramidal stand, and the 
staud on a small steady table, about six to ten ortvvVhe 
feet from a flat window. 

The graduated circular plate should stand perpendi- 
cularly from the window, the pin .c beiinr horizontal, 
not in the direction of the axis as it is usually figured, 
but with the slit end nearest to the eye. 

Place the Crystal which is to be measured on the ■ 
table, resting on one of the two planes whose inclina- 
tion is required, and with the edge at which those planes 
meet, nearest and parallel to the wiudow. 

Attach a portion of wax, about the size of d, to one 
side of a small brass plate c, lig.25; lay the plate on the 
table with the edge f parallel to the window, the side to 
which the wax is attached being uppermost, and press 
the end of the wax against the Crystal until it adheres ; 
then lift the plate with its attached Ciystal, and place it 
iu the slit of the pin x, with that side uppermost which 
rested on the table. 

Bring the eye now so near the Crystal as, without 
perceiving the Crystal itself, to permit the images of 
objects reflected from its planes to be distinctly ob- 
served, and raise or lower that end of the pin x which 
has the small circular plate on it, until one of the hori- 
zontal upper bars of the window is seen reflected from 
the upper or first plane of the Crystal, corresponding 
with plane a , fig. 21, and until the image of the bar 
appears to touch some line below the window, ns the 
edge of the skirting board where it joins the floor. 

Turn the pin 'a- on its own axis also, if necessary, 
until the reflected image of the bar of the window coin- 
cides accurately with the observed line below the 
window. 

Turn now the small circular handle a on its axis, 
until the same bar of the window appears reflected from 
the second plane of the Crystal corresponding w idi plane 
6, fig. 24 and 25, and until it appears to touch the line 
below ; and having, in adjusting i\w first plane, turned 
the pin a? on its avis to bring the reflected image of the 
bar of the window to coincide accurately with the line 
below, now move the lower end of the pin laterally, 
either towards or front the instrument, in order to make 
the image of the same bar, reflected from the second 
plane, coincide with the same line below. 

Having ascertained by repeatedly looking at and 
adjusting both planes, that the image of the horizontal 
bar, reflected successively from each, coincides with the 
observed lower line, the Crystul may he considered ready 
for measurement. 

Let the 180° on the graduated circle be now brought 
opposite the 0 of the vernier at c, by turning the handle 
b ; and while the circle is retained accurately in this 
position, bring the reflected image of the bar from the 
first plane to coincide with the line belovq by turning 
the small circular handler. Now lorn the graduated 
circle, by means of the handle b , until the image of the 
bur reflected from the second plane is also obscivcd to 
coincide with the same line below. In this slate id the 
instrument the vernier at c will indicate the degrees and 
minutes at which the two planes incline to cadi .other. 

The accuracy of the measurements taken with this 
instrument will depend upon the precision with which 
the image of the bar reflected successively from both 
planes is made *o appear to coincide with the same lino 
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Crystal- below: and also upon the 0, or the 180°, on the gra- 
lugrapby. duated circle, being; made to stand precisely even with the 
lower line of the vernier when the first plane of the 
Crystal is adjusted for measurement. 

A wire being- placed horizontally between two upper 
bars of the window, and a black line of the same thick- 
ness being drawn parallel to it below the window, will 
contribute to the exactness of the measurement, by 
being used instead of the bar of the window and any 
other line. 

Persons beginning to use this instrument, ure recom- 
mended to apply it first to the measurement of frag- 
ments at least us large ns that represented in fig. 28, 
and of some substance whose planes are bright. Cr) stals 
of carbonate of lime will supply good fragments for this 
purpose, if they are merely broken by a slight blow of 
a small hammer. 

For accurate measurement, however, the fragments 
ought not, when the planes are bright, to exceed the 
size of that shown in fig. 27. And they ought to be so 
placed on the instrument, that a line passing through 
its axis should also pass through the centre of the mi- 
nute fragment which is to he measured. This position 
on tlu* instrument ought also to be attended to when the 
fragments or Crystals arc large. In which ease the com- 
mon edge of the two planes whose inclination is required, 
should be brought very nearly to coincide with the axis 
of the CSonioineter ; mi! it isdiequently useful to blacken 
the whole of the planes to be measured, except a narrow 
stripe on each close to the edge over which the measure- 
ment is to be taken. 

Of the Origin and Progress of Crystallography, and of 

the different Sys/tms which have been formed for 

e r plaining the Relations of Primary and Secondary 

Forms, 

(51 .) It does not appear that this Science was even known 
to the Ancients, or that the few crystalline forms with 
which they were acquainted were otherwise regarded by 
them than as mere accidental figures. 

Linnaeus was the first who bestowed any particular 
attention upon this subject. . 

Among the numerous observed fohns of Crystals, 
there are some which belong only to particular minerals, 
and others which are common to different species. Thus 
the cube occurs as a form of fiuateof lime and of galena. 
The regular octahedron as that of alum, the diamond, 
and the ruby. 

Observing that the form of the octahedron was com- 
mon to (he diamond and to alum, Linnauis conceived 
that the salts were in some manner the generators of 
the forms of Crystals, and that a mineral which agreed 
with a salt in its form, might in regard to form be con- 
sidered a subspecies of that salt. Hence the diamond 
was denominated alum diamond, and a remote analogy 
.was imagined to exist between his systems of Crystallo- 
graphy and Botany. 

This author appears to be the first who published 
figures of Crystals, and he is regarded by H aiiy, from whom 
we have extracted many of these preliminary observa- 
tions, as the founder of the Science of Crystallography. 

This title is, however, more justly due to ilomtTde 
lTsle, who made the first extensive collection of Crys- 
tals, and was the first to arrange together those belong- 
ing to each known species of mineral ; and having se- 
lected from each group so arranged some simple figure, 
aa the fundamental or derivative form from which the 


remainder might be produced by cutting away its edges Of the 
and angles, he reduced all the forms belonging to each Origin and 
set into a connected series ; and he thus exhibited for 1 ^^al- 
the first time an outline of the relations of crystalline lo^aphy. 
forms to each other. 

lie also published figures of the Crystals he had ob- 
served, with the measurements of many of their angles, 
from which it appeared that the corresponding planes 
on all the Crystals belonging to the same species of 
mineral, inclined to each other at the same angle ; this, 
it is evident, was an important step in the progress of 
the Science of which we arc about to treat. 

As the subject was new in his hands, the labour of 
arranging and analyzing all the forms he) had observed, 
and measuring their angles, must have been very con- 
siderable. The want, however, of instruments well 
adapted lo measure the angles of Crystals with accu- 
racy, exposed him, as might have been expected, to 
numerous errors, which have been corrected by later 
observations. 

AVerner, to whore persevering industry Mineralogy is 
so much indebted, also invented a method of describing 
Crystals by reference to certain fundamental forms. 

II is method, however, although it might be applied to 
simple and regular figures, will be (bund loo cumbrous 
for the description of such as are contained under nu- 
merous planes. We may refer such of onr readers as 
desire to know more of this nearly obsolete system lo 
B roc hunt's Traitc Element airc dc Mine rah gie, Paris, 

1808.; or to the second edition of Professor Jameson's 
Mineralogy. 

The preceding methods, it may be observed, are 
merely descriptive, and relate simply to the forms of 
Crystals, without reference to any theory of structure, or 
to any laws by which the relations of the observed 
varieties of form might be explained. No attempt is 
made to ascertain the cause of the constancy of the 
angles of inclination of corresponding planes of Crystals 
belonging to the same mineral, nor do these methods 
provide any means of determining, a priori , the. forms 
under which any species of mineral may present itself, 
from a knowledge of its simple fundamental Crystal. 

(52.) Bergman was the first who attempted to 
penetrate into the interior structure of Crystals, and 
to refer their observed variations of form to the super- 
position or plates of crystalline matter upon the pin lies 
of a fundamental solid ; these plates being sometimes 
constant in figure, and sometimes variable. 

This theory was supported by the fractures of one of 
the Crystals of carbonate of lime, known in this Country 
by the name of dog-tooth spar, contained within twelve 
scalene triangular planes, and forming a bi-pjramidal 
figure. One of these Crystals may be easily split so as 
to exhibit only the six planes of a rhomboid, which was 
in theory conceived by Bergman to represent the nu- 
cleus, or basis, upon which the twelve-sided figure had 
been constructed. But Bergman did not pursue the 
inquiry upon which he had thus successful ly entered. 

He neither determined the nature of his crystalline 
plates, nor the forms of the particles of which they might 
be conceived to be composed, nor the laws connected 
with their variable character. 

Nearly at the time, however, that Bergman was en- 
gaged in these researches, Crystallography occupied 
the zealous attention of Hauy, whose investigations em- 
braced the forms and dimensions of the molecules of 
which these plates might be composed, and who was 
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Crystal- thus led to a strict demonstration of the laws which 
lography. mjnrhf povern their arrangement ; and thus for the first 
time Crystallography assumed the character of a regular 
Science. 

‘ llis theory is founded upon a supposition that all the 
crystalline forms which are presented by any single 
species of mineral, and which are known sometimes to 
be numerous, arc related to some simple form, which 
may be regarded as a general type of all the known 
Crystals belonging to the species. 

This simple form is conceived to be composed of par- 
ticles either similar in figure to itself, or bearing some 
known and 1 constant relation to that figure. It is also 
supposed to be contained, as an inscribed solid , within 
all the Crystals which differ from it in external figure, 
and the observed differences of external figure are sup- 
posed to depend upon the laws according to which the 
added particles arrange themselves about the contained 
solid. 

To render this theory consistent w ith the observed 
facts, it is obvious that the form which is adopted as the 
type of the species should not be chosen arbitrarily, and 
that the assumed laws of arrangement of the envelop- 
ing particles should be capable, of precise and rigorous 
demonstration. 

The method adopted by Huuy to (level op c this type 
nr fundamental form, was by splitting or cleaving tiic 
Crystal, and he was induced from the following consi- 
derations to conclude, that this fundamental form might 
always be so derived. 

A Crystal of carbonate of lime presenting the form of 
a regular hexagonal prism, had been broken from a 
group of similar prisms. On examining it he observed 
that the iiactured surface exposed by its detachment 
from the group was a bright plane, and on more nar- 
rowly inspecting this fracture he observed that a termi- 
nal edge of the prism had been removed by it. 

On perceiving this, he attempted to remove all the 
terminal edges by analogous tinctures, but he found 
that only the alternate three of the six edges which ter- 
minate a prism of that form, could be so displaced. 

The fig. 20 exhibits the directions of the three cleavage 
pianos at each extremity of the prism ; the three below 
being severally parallel to the three above. 

By continuing to cleave this Crystal paiallel to all the 
newly developed planes, the faces of the hexagonal 
prism were observed successively to disappear, and 
when they were at length entirely removed, a new solid 
remained which was an obtuse rhqjobuid. 

The fig. SO exhibits the rhomboid in the. interior of 
the hexagonal prism. 

The idea which this fact suggested to Huilyls mind 
was, that all the Crystals of carbonate of lime, whatever 
might, be their external form, might possibly contain 
similar rhomboids; yet. it was difficult at first to con- 
ceive how this particular solid should be the nucleus of 
more acute and more obtuse rhomboids which occur 
among the Crystals of this substance. 

Experiment, however, proved, that this particular 
rhomboid did exist in a symmetrical position iu each of 
those forms which differed from it externally ; the only 
point to be attended to in developing the gucleus being 
the direction' of the necessary cleavage. This may ge- 
nerally be perceived by looking through the Crystal 
when exposed to a strong light ; or it maybe ascer- 
tained by slightly fracturing a terminal edge or angle. 
Haiiy states, that all other mineral substances, when 
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submitted to* mechanical division, have afforded analo- Of the 
gous proofs of the generality of this result; a state- Origiuand 
merit however not strictly correct, as there are several 
minerals which do not admit of being cleaved into u*gu- 
lar solids, and others from which two or more different v y \ 
solids may be obtained by cleavage, 

The forms of the solids tlu:s obtained by mechanical 
division he terms primitive , upon the supposition of 
their corresponding iu figure with the original minute 
solid upon which the Crystal was first formed. 

But the production in knany instances of several 
solids from the same Crystal by cleavage, and the im- 
possibility in others of producing any solid by that pro- 
cess; the inconsistency of admitting several primitive 
forms of the same mineral, and the impossibility of pro- 
ducing any such primitive form when there are not 
cleavages in at least three directions ; have induced us 
to abandon altogether the notion of a primitive solid, 
and to distinguish this original or parent figure by the 
term primary form , denoting simply its relative cha- 
racter to the secondary forms derived from it. 

From the mechanical division to which many Crystals 
may be subjected, Haiiy was led to the conclusion that 
every Crystal was from its centre to ifs surface an 
assemblage of molecules symmetrically disposed ; and 
although his views of its structure regarded a certain 
portion of its mass as an imaginary nucleus or elemen- 
tary solid, upon which subsequent increments had taken 
place, the existence of this nucleus is assn died only as a 
theoretic basis for calculating and demonstrating the 
laws according to which all the varieties of crystalline 
forms related io it might be produced. 

Ifauy'a theory next supposes that nature has set 
limits to the angles at. which the primary pianos of 
Crystals incline to each other ; a supposition which does 
not appear to be supported by a single tael. The cir- 
cumstance which led him to this conjecture was an in- 
accurate measurement of the Crystal of carbonate of 
lime, which afforded the tost clue to his theory of the 
.structure of Crystals ; ail iuaccuraacy occasioned by the 
unfitness of the instrument he employed to measure 
Crystals with exactness. 

We have not in this Treatise followed Ilaiiy iu class- 
ing and induing Crystals, but have adopted and gene- 
ralized a method of description first introduced by 
Bournoii. 

By a reference to any of his descriptions of minerals 
iu the Transactions of the Geological Society, or to Bour- 
non*s Treatise on Carbonate of Lime, it will be seen that 
he has arranged and numbered all those individual modi 
fications of the primary form of the mineral described, 
which had been found to occur among its secondary • 
forms. Our proceeding has been to reduce into classes 
in the tables of modifications not only all the observed 
modifications of Crystals, but all the modifications of 
which each particular primary form is susceptible irhtlc 
influenced by the lairs of symvntry. Thus presenting 
to the reader not merely the series of known forms, but 
the entire system of possible forms which can result 
from regular Crystallization; and hence every new form 
which may be discovered, if it be conform;) h'c to those 
laws, will be found among* those presented by our 
tables. 

(53.) Within a few years two new systems of Crys- 
tallogrupliy have been produced iu Ciennany. Cue by 
Professor Weiss, and Hie ether by Professor Mohs, now 
of Vienna. 
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Crystal- These systems differ from each other in ‘notation and 
lography. j n somc 0 ii lcr points, but they agree in using the axes 
of Crystals to express the relations of the secondary to 
the primary forms. 

The following statement exhibits thb relations of the 
four systems of primitive forms of Professor Mohs 
to our classes of primary forms. 

Mohs’s systems consists of the 

1 . The rhombohcdral rhomboid. 

2. The pyramidal square prism. 

■ f right Thombic \ 

3. The prismatic < oblique rhombic V prisms. 

[doubly oblique J 

4. The tessular .cube. 

The reader who may be desirous of seeing more of 
this very uninviting system, both in notation and nomen- 
clature, will find it developed in a Work on Miueralogy 
published in this Country by Mr. Haidinger, au able 
and intelligent pupil of Mohs. 

Of the Molecules of Crystals. 

(.VI.) The Molecules which arc aggregated together 
in the production of Crystals, are, as already stated, 
conceived to be minute homogeneous solids contained 
within symmetrically-disposed plane surfaces. And they 
are uUo supposed to differ in figure in the different 
classes of primary forms. 

(55.) If we attempt to fracture a piece of galena, 
it will split into rectangular fragments. But as the pri- 
mary Crystal of galena is a cube, it is assumed, that if 
the rectangular fragments could be reduced to single 
Molecules, those Molecules would be cubes. 

(56.) If a Crystal of carbonate of lime be reduced to 
fragments, it is found that their planes, however minute, 
incline to each other at angles respectively equal to those 
of the primary rhomboid. It is therefore inferred that 
the Molecule of carbonate of lime is a minute rhomboid, 
similar to the primary form. 

(57.) The primary form of sulphate of barytes has 
been ascertained from cleavage, and from its secondary 
planes, to be a right rhombic prism. This •prism may 
be split into smaller right rhombic prisms, whose angles 
are respectively equal to those of the primary Crystal. 
It is therefore supposed that the primary Crystal and 
the Molecules of this substance are similar prisms. 

Some other classes of parallelopipeds may also he 
split into fragments, resembling in their angular mea- 
surement the primary solids from which they have been 
detached, and it is hence inferred generally that the pri- 
mary forms and their respective Molecules are similar 
solids. 

(58.) In several instances, however, cleavage does 
not produce this primary solid. 

A cube of lluatc of lime, for example, does not yield 
that figure by cleaVagc, but, as will be shown in the 
section on cleavage, it will split into regular octahedrons, 
or tetrahedrons, or rhomboids whose plane angles are 
60° and 120°. 

Hatty has assumed the octahedron as the primitive 
form of this mineral, and has regarded the tetrahedron 
as the Molecule of the octahedral Crystal, upon which 
supposition the octahedron must be composed of tetra- 
hedral solids united by their points, leaving octahedral 
spaces ; and he has also supposed that the tetrahedron, 
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when that is the predominating, and in his view, the Or the 
primitive form, is constituted of tetrahedral Molecules Molecules 
and octahedral spaces. 0 j .| r j fg _ a ** 

The rhomhie dodecahedron may be cleaved into obtuse * 

rhomboids, obtuse octahedrons, and irregular tetrahe- 
drons, as will be shown in the section on cleavage. Of 
these, Unity has selected the irregular tetrahedron for 
the Molecule of the dodecahedron, and has supposed 
that the decrements on this form are produced by the 
abstraction, not of single Molecules, but of several of 
these combined in the figure of those obtuse rhomboids 
which are produced from it by cleavage. 

The very complicated view of the structure of the 
octahedron and dodecahedron, which Hatty has thus 
introduced into his theory of Crystals, and the ap- 
parent improbability that the Molecules of the cube, 
the regular octahedron, tetrahedron, and dodecahedron, 
among whose primary and secondary forms so perfect 
an indentity subsists, should really (litter from each 
other, have induced us to conclude that they are similar, 
and that the common Molecule is a cube. 

(5tt.) This theory of cubic Molecules may be recon- 
ciled with the cleavages which take place parallel to the 
primary planes of the tetrahedron, the octahedron, and 
the rhombic dodecahedron, as well as to those of the cube, 
by supposing the Molecules capable of being held to- 
gether with different degrees of attractive force in differ- 
ent directions. When this attraction is least in a direc- 
tion perpendicular to the planes of the Molecules, they 
will be most easily separated at their surfaces by 
cleavage. 

When the attraction is least in the direction of the 
oblique axis of the Molecules, they will be the most 
easily separated in that direction, and the octahedron or 
tetrahedron will be the result of cleavage. 

Anil if the attraction be least in the direction of their 
diagonal planes, a rhombic dodecahedron will be the 
solid produced by cleavage. 

This supposition of a greater or less degree of mole- 
cular* attraction in one direction of the Molecule than 
ill another, is not inconsistent with many well-known 
fads in Crystallography; and it is possible to conceive 
that the nature, tile number, and the particular forms of 
the elementary particles, which enter into the composi- 
tion of these three kinds of cubic Molecules, may so vary, 
as to produce the variety of character which is here sup- 
posed to exist. 

The primary form both of corundum and of carbonate 
of lime is a rhomboid ; and the Crystals of these sub- 
stances may becleavfed parallel to their primary planes, 
the carbonate of lime yielding much more readily to 
cleavage than the corundum. But the corundum has 
also a cleavage perpendicular to its axis, which docs not 
exist in carbonate of lime, and which would expose the 
terminal solid angles of the contiguous Molecules. It 
may therefore be inferred from this transverse cleavage 
that the molecular attraction is comparatively less in the 
direction of the axis of the Molecules of corundum, than 
it is in those of carbonate of lime. And from the 
greater adhesion of the planes of corundum, than of 
those of carbonate of lime, it is inferred that the attrac- 
tion is comparatively greater between the planes of the 
Molecules of* the corundum, than between those of car- 
bonate of lime. 

While, however, we thus attempt to reason concerning 
Molecules, it must not be forgotten that the whole 
theory of decrements and Molecules is to be regarded 
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\ Crystal- only as the foundation of a method of demonstrating the 
io^raphy. relations of Crystals, and of constructing descriptive 
characters, by which those relations may be expressed. 

It must also be admitted that we- possess no certain 
knowledge relative to the figures of the ultimate par- 
ticles of matter. They have been supposed by some to 
be minute spheies or spheroids, but whether they are 
plane or curvilinear solids, they present anomalies w hen 
in particular states at* combination which have not been 
hitherto explained. 

The crystalline form of native silver is a cube, and 
its Molecules are therefore supposed to be cubes. 

The natural crystalline forms of sulphur may be re- 
ferred to a right rhombic prism as the primary, anil 
which is therefore assumed to be the form of the Mole- 
cules. Yet the form of the compound of sulphur and 
silver is a cube. 

Now whether the Molecules be possessed of plane or 
curved surfaces, it is difficult to suppose that the cube 
of silver and the rhombic prism of sulphur should both 
be composed of Molecules which are similar in form. 
And if they arc not similar, it is equally difficult to 
account for the compound of silver and sulphur assum- 
ing the form of a cube. 

Wo have in the two crystalline forms of iron pyrites 
(composed of iron and sulphur) an example of a cube 
and a right rhombic prism being both produced by the 
same chemical compound ; and it is also found that sul- 
phur itself will assume two different forms, according to 
the circumstances under which the Crystallization takes 
place. The cause, however, of this dimorphous character 
of some substances is not at all understood. 

Of the Structure of Crystals . 

(60.) It 1ms been already stated that Crystals are 
conceived to increase in magnitude by the continual 
addition of plates of molecules to their surfaces! 

The Structure of Crystals, or the order in which these 
molecules are arranged , may be illustrated by an ex- 
perimcMit with common salt. If a portion of this salt 
be dissolved in water, and the water be allowed to eva- 
porate slowly, rectangular Crystals will be deposited on 
the sides and bottom of the vessel. These will at fust 
be very minute, but they will increase in size as the 
evaporation proceeds ; and if the quantity of salt dis- 
solved be sufficient, they will at length attain a con- 
siderable magnitude. » 

* if the edge of a knife be applied to the surface of any 
one of these Crystals in a direction parallel to one of its 
edges, as at a b , fig. 32, the Crystal may, by a flight 
blow, be cleaved parallel to one of its sides. 

If a knife be applied in the same manner successively 
to the other lines c d , efi g A, and to the other surfaces 
of , 'the Crystal, so that its edge be parallel in each in- 
stance to the edge of the Crystal, it wilt be found that 
there are cleavages parallel to all the planes of the rect- 
angular solid ; and the plates which have been removed 
by these cleavages may be also subdivided into smaller 
solids of the same character. 

It is hence inferred that the molecules of Crystals are 
so arranged as to form plates in the direction of all the 
primary planes, as shown in fig. 11. And that in com- 
mon salt the molecular attraction is least between the 
surfaces of the molecules. 

This regular Structure is supposed to belong to all 
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regularly* crystallized bodies, although in many instances Of 
it cannot be manifested by cleavage. Oka* ago* 

(61.) It frequently happens that the regular Crystal. 
lizalion of bodies has been prevented by some disturbing 
cause which has interfered with that orderly arrange* 
ment of the molecules necessary to the constit utiou^oi' 
perfect crystalline structure ; in this case the crystalline 
mass will be curved or otherwise irregular, or from the 
minuteness of the separate Crystals and their variety of 
position it rnay present a granular character. This 
granular character would be produced it the solution 
we have supposed of common salt were rapidly evapo- 
rated and suddenly cooled. 

Of Cleavage. 

(62.) The Cleavage of Crystals is sometimes an im- 
portant m in era logical character. 

'Hie direction in which the Cleavage of a Crystal lies 
may frequently be perceived by turning the Crystal 
round in a strong fight, although it cannot be readily 
cleaved in that direction. 

(63.) When a Crystal may be cleaved parallel to the 
primary planes, and also in other directions, it is said to 
have tw r o or more sets of Cleavages. Those which are 
parallel to the planes of the primary form, are called the 
primary set. and those which are not parallel to those 
planes, are. termed supernumerary sets. 

. The oxide of tin, described by Mr. Phillips in the 
Geological Transactions , has three sets of cleavages; 
one parallel to the planes of an obtuse octahedron with 
a square base, and two others perpendicular to that base 
and parallel to its edges and diagonals. 

Different specimens of the same substance will occa- 
sionally yield to the knife or hammer with different 
degrees of facility ; and even carbonate of lime, which 
in general splits with ease and regularity, will some- 
times present a couchoidal fracture. 

(61.) Some practice is necessary in order to cleave 
minerals neatly, and some little experience in the choice 
of the instruments to be used. 

In many instances, the mineral being placed on a 
small anvil of iron or lead, a blow with a hammer will 
be sufficient for dividing it in the direction of ils cleav- 
age planes ; and sometimes a knife or small chisel may 
be applied in the direction of those planes, and pressed 
with the hand, or struck with a light hammer, or tha 
Crystal may be .held in the hand, and split with a srnai 1 . 
knife ; or it may be split by means of a pair of small 
cutting pincers with parallel edges ; and a small short 
chisel, fixed with its edge outward in a block of wood, 
is sometimes a convenient instrument for resting the 
mineral to be cleaved upon. 

(65.) When ’all the planes of a primary form are 
similar, as those of the cube and rhomboid, the primary 
Cleavages may be effected with equal fucility in all 
directions, and the cleavage planes arc all similar in 
lustre and general character. This tnay be illustrated 
by cleaving galena and carbonate of I i me. 

But where the planes of a primary form are not all 
similar, as in all prisms, the primary Cleavages are rarely 
effected with equal facility in the directions of the dis- 
similar planes,. nor do the cleavage planes agree in their 
general characters. Hence the cleavage planes of a 
mineral may occasionally prove that it does nut belong 
to a particular class of primary forms, although the 
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Cryital- Cleavage alone is not, in all cases, sufficient to determine 
lography, t j ic p r j mar y f orm really is. 

Felspar, kyanite, and sulphate of lime, afford in- 
stances of the greater facility with which a Cleavage 
takes place in one or two directions than in any other. 

(66.) There are among minerals some substances 
which yield readily to mechanical division iit one or two 
directions, but do not admit of distinct Cleavage in a 
third direction, so as to produce an entire solid. 

This circumstance lias introduced into Mineralogy the 
terms si?igle t double , triple % quadruple , and sextuple 
Cleavage, which arc not to be confounded with the 
primary and supernumerary sets of Cleavages before 
alluded to. 

When a mineral can be split in only one direction , 
the Cleavage is said to he single ; when in two directions, 
which may be conceived to give four sides of a prism, it 
has a double Cleavage ; when there is a Cleavage in three 
directions, such as to produce a solid bounded by six 
planes, which are parallel when taken two and two, it 
is termed a triple Cleavage. 

A quadruple Cleavage, or 'one in four directions, will 
produce a tetrahedron, ail octahedron, or an entire hex- 
agonal prism. 

The rhombic dodecahedron being contained within 
six pairs of 'parallel planes' lying in different directions. 
Is produced by a sextuple Cleavage. 

Supernumerary Cleavages either alone, or combined 
with the primary, may produce solids contained under 
greater numbers of planes. 

In the preceding sections on molecules and structure, 
some of the results of Cleavage have been noticed. The 
subject, however, requires to be further illustrated. 

(07.) A cube of fluate of lime does not split in direc- 
tions parallel to its planes as galena does, but splits ob- 
liquely. Let fig. 33 represent a cube of this mineral. 

If the edge of a knife be applied to the diagonal line 
a b of this cube, and the knife inclined in the direction 
of e, the solid angle a bee may be removed. 

if the edge of the knife be again applied to the same 
line a b, and struck in the direction of f another solid 
angle a b f d may be removed, and applying the knife 
in the direction of the line c d , two other solid angles 
a and b may be detached. 

The new solid produced by these Cleavages is repre- 
sented by fig. 3 1 . 

If the knife be applied successively to the lines Hc % 
k l, l m, m t\ fig. 34, and struck in the direction of n, 
the remaining solid angles of the cube may bo removed, 
and the regular octahedron iklmn o will be produced. 

It is apparent that the solid angles of this octahedron 
must touch the middle points of the planes of the cube, 
Its position in which is shown by fig. 35. 

This octahedron may be further cleaved in a direction 
parallel to its own plaues. 

If it bo cleaved parallel to six only of its planes, 
omitting any two parallel or.es, and the Cleavage be con - 
tinued until only the central points of the two parallel 
ones remain, a figure of six sides will be produced. 

This figure is a rhomboid whose plane angles are 
60° and 120°. 

Fig. 36 shows the position of this rhomboid in the 
octahedron, from which it is evident that the Cleavage 
which produces it must be continued as far as the lines 
i k 9 lm $ n and to those which are parallel to them on 
the opposite plane, 


Fig. 37 exhibits the same rhomboid separately, and Of 
it may be regarded as an octahedron with two of its Cleavage, 
planes covered by small tetrahedrons, pfrs and tux. 

These tetrahedrons are supposed to consist of masses 
of cubic molecules, and by their removal, as in fig. 38, 
a perfect octahedron will be reproduced. 

If ah octahedron be cleaved parallel to any four 
alternate, planes, fig. 39, the Cleavage be continued 
until only the central points of the other four planes 
remain, a regular tetrahedron will be produced, as shown 
by the interior lines. 

The tetrahedron thus obtained, fig. 40, may be 
regarded as an octahedron, four of whose planes are 
concealed, or covered by smaller tetrahedrons, p q r s 9 
p qu t % u q x v, q x r y, and by the removal of these 
it may be reduced to a perfect octahedron. 

The tetrahedron and octahedron have thus obviously 
the same set of Cleavages, and the octahedron may be 
regarded as an imperfect tetrahedron, requiring certain 
additions to complete that form. 

(68.) A cube of blende will split in directions pa- 
rallel only to its diagonal planes. These Cleavages 
will truncate, the edges of the cube, and if continued 
until all the edges are removed, and the faces of the 
cube disappear, a rhombic dodecahedron will be pro- 
duced. 

Fig. 41 shows the position of the rhombic dodecahe- 
dron in the cube, in which six of its solid angles touch 
the middle points of the planes of the cube. 

If this dodecahedron, fig. 42, be cleaved parallel to 
the planes a , d , /, m, and to the lour planes parallel to 
these, until the four remaining planes of the dodecahe- 
dron disappear, an obtuse octahedron will be produced. 

Fig. 43 exhibits this octahedron separately, the planes 
being marked by the same letters as appear on the 
corresponding planes of the dodecahedron. 

If the Cleavage be effected parallel only to the planes 
a t d , e t and those parallel to them, until the other pri- 
mary planes disappear, an obtuse rhomboid will result, 
as seen in fig. 44 ; this rhomboid measures 120° over the 
edges at which the planes a and c meet. 

If the Cleavage takes place parallel to any four 
alternate planes of the obtuse octahedron, mid be con- 
tinued until the four cleavage planes alone remain, an 
irregular tetrahedron, tig. 45, will be produced, whose 
planes meet at an angle of 90° at the edges, n a, p q f 
and at an .angle of 60° at the other edges. 

The ultimate relation of the tetrahedron to the octa-* 
hedron in reference to the theory of cubic molecules, 
may be explained in the following manner. 

Let fig. 47 represent the smallest octahedron that 
can be imagined to exist, formed of seven cubic mole- 
cules, and let fig. 46 represent a tetrahedron containing 
this minute octahedron. The tetrahedron would ob- 
viously be reducible to the octahedron, as other tetra- 
hedrons are, by the removal of all its solid angles. But 
it is apparent that the solid angles to be removed in 
this instance, arc the small cubes a , e, g, i, and ou their 
removal the octahedral solid, shown in fig. 47, will 
remain. 

This octahedron is supposed to rest on one of its 
planes, and the molecules b c,c h t f c, c d t may be con - 
ceived to constitute four of its edges. 

In a similar manner the compatibility of the cubx 
molecule with the solids, obtained by Cleavage from the 
rhombic dodecahedron, might be easily shown. 
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f Of Decrement s, and the Characters of the Secondary 

o^iap y% Planes produced by them. 

(69.) The explanation already given of the manner 
in which new planes modifying the primary forms 
may be conceived to be produced by the operation of 
different laws of Decrement, has been limited to the 
effect produced upon only a single edge or angle of the 
primary form. When similar edges or angles are all 
operated upon at the same time by any given Decre- 
ment, a new figure is produced. 

The square prism has all its terminal edges similar, 
and all its terminal angles also similar, and, conse- 
quently, when one of thoso edges or angles is affected 
by any Decrement, they will generally all be so. 

The upper part of fig. 48 will explain the manner in 
which a Decrement by one row of molecules on the 
terminal edges of a square prism, is conceived to pro- 
duce a set of planes corresponding to those marked c of 
the tables of modifications. The lower part of the figure 
represents the ordinary character of the terminal planes 
of a square prism so modified. 

The upper part of fig. 49 exhibits the effect of a De- 
crement by one row of molecules on the terminal angles 
of a square prism, producing a secondary form corre- 
sponding to the planes a of the modifications of that 
figure. The lower part presents the ordinary appear- 
ance of a square prism so modified. 

(70.) The causes which occasion Decrements do not 
appear to be understood ; Crystals so minute as to be 
seen only by the aid of a microscope, are found variously 
modified; hence the circumstance, whatever it may be, 
which occasions the modification, begins to operate very 
soon after the Crystal has been formed. Perhaps it may 
influence the arrangement of the first few molecules 
which are capable of producing a modified form ; and 
as Crystals, during their increase in magnitude, some- 
times undergo a change of form by the extinction of 
some modifying planes, or the production of others, the 
cause which occasions a Decrement may be suspended, 
or may be. first brought into operation at any period 
during the increase of a Crystal in size. 

For the purpose of affording a clearer illustration of 
the theory of Decrements, it has bepn found convenient 
to imagine that the primary form of any modified 
Crystal had attained such a magnitude before the law 
of Decrement had begun to act upon it, as to require 
for the completion of the Crystal in its modified state, 
the addition of only those defective plates of molecules 
by which the modifying planes might be produced. A 
primary form of this magnitude is evidently the greatest 
that could be inscribed in the given secondary form ; 
and it is in theory termed the nucleus of the secondary 
form. 

(7 1 .) As far as we have proceeded with the theory 
of Decrements the diminished plates of molecules have 
been supposed to be laid constantly upon the primary 
form, in order to produce the modifications which are 
found to exist in Nature. But Jt is probable that De- 
crements. sometimes take place on secondary planes. 
Thus Decrements may be conceived to take place on 
any secondary rhomboid of carbonate of lime by the 
abstraction of small masses of primary molecules 
forming similar minute secondary rhomboids. 

Decrements are sometimes related, as will appear in 
the next section, to the capacity of a body to become 
electric by heat, but it does not appear that any expla- 


nation has been given of the manner in which this in- Of tho Pn- 
fluence is exerted. mar) Form* 

uf Crystals. 

Of the Law of Symmetry. * 

(79.) Among the definitions (U.) to (14.) will he 
found an explanation of similar edges, angles, an x\ planes 
of a Crystal. 

It has been ascertained from the observation of a great 
numbei of the secondary forms of Crystals, that when a 
modification takes place on any one edge or angle of 
any primary form, a similar modification generally takes 
place on v all the similar edges or angles. And this 
has been observed to. occur so frequently, as to induce 
the conclusion of its being the effect of a general law, 
which Hatiy has called the Law of Symmetry. This law, 
however, docs not act universally with regard to all such 
similar edges or angles as are included under the defini- 
tions already given. The tourmaline presents an instance 
of deviation from it. The primary form of the tourma- 
line is a rhomboid, and the three upper terminal edges, 
fig. 8, are similar to the three lower ones; the six lateral 
edges, ns well as the six lateral solid angles, ure also 
respectively similar. Yet it is found that the three 
upper terminal edges are sometimes truncated, while 
those below arc not. It is also observed that some- 
times only the alternate three of the lateral solid angles 
are modified, the three others remaining entire ; but the 
tourmaline is pyro-clectrfc, that is, capable of becoming 
electric by heat : awl many other substances which are 
endued with a similar property, -appear equally subject 
to a similar interference with the general Law of Sym- 
metry. 

But other minerals which are not pyro-electric, afford 
instances of deviation from strictly symmetrical modi* 
fication ; thus iron pyrites present a series of secondary 
forms which may be termed defective, when compared 
with those produced from the cube of galena. Pyro- 
electricity is not, therefore, Lhe only disturbing cause 
which influences the deviation from the general Law of 
Symmetry in the fonuatiou of Crystals. 

Of the Primary Forms of Crystals. 

(73.) It lias been stated that the selection of flic 
form which is to be regarded as the primary, is in some 
degree arbitrary ; and we might, as some other writers 
on Mineralogy have done, have assumed the cube, the 
regular tetrahedron, the regular octahedron, the rhombic 
dotlec&hedrOn, and the pentagonal dodecahedron, as 
distinct Primary Forms ; under each of which, particular 
modifications of the cube might have been arranged. 

Or, we might, in consequence of the general relation 
which subsists ainoug them, have referred oil the modi- 
fications of the cube to either of these os the primary. 

We might also have assumed cither of the octahe- 
drons arising from modification a or c of the square 
prisms as the Primary Forms of that system of Crystalliz- 
ation. And the same observation might be applied to 
the other classes of Primary Forms, it being demonstrable 
that any one of the forms so reluted to the others and. 
to the primary, as . these modifications are, might lie 
adopted as the fundamental form of the system. But 
there would be a considerable difference in the facility 
with which the relations of the secondary forms to the 
primary could be. ‘explained m reference to some ot 
these tlmn toothers. Those which are adopted in this 
3 M 9 
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Crystal- Treatise have been selected on account of the greater 
totfraphy. facilities they appear to afford for demonstrating those 
relations. 

The Primary Form of every Crystal may be determined 
either from the primary or the secondary planes ; or it 
• may sometimes be deduced from cleavage, or from a 
consideration of both planes and cleavage. And in the 
remarks which will follow the tables of modifications, an 
explanation will be attempted of the manner in which the 
Primary Form of any crystallized mineral may be dis- 
covered. 

« 

Of the Secondary Forms of Crystals 

(74.) The Secondary Forms of Crystals differ from the 
primary in the number or position of their planes, and 
they are either simple or compound . The simple Sc* 
com! ary Forms are those which are produced by single 
modifications. The compound arc those in which several 
modifications occur on one Crystal. The cube with the 
angles truncated or replaced by three or six planes, is 
an instance of a simple Secondary Form ; but if the edges 
be hlsu truncated, or b-jvillcd, or the solid angle be both 
truncated and replaced by three or six planes, it will 
afford »n example of a compound secondary form. 
These compound Secondary Forms are of very frequent 
occurrence among minerals. 

(75.) The secondary planes frequently obliterate en- 
tirely the ‘primary ones, and produce a new figure, as 
in the instance of the rhomboid being converted into a 
six-sided prism by the truncation of all its solid angles, or 
of ks terminal solid angles and its lateral edges. 

(76.) Particular Secondary Forms sometimes predomi- 
nate in particular specie* of minerals, as an octahedron in 
sulphur, whose primary form is a right rhombic prism, 
and the regular hexagonal pyramid in quartz, whose 
primary form is a rhomboid. 

A dodecahedral variety of carbonate of lime, com- 
monly called dog-tooth spar, occurs the most frequently 
in Derbyshire. 

In Cumberland, the most common variety is a six- 
sided prism terminated by the planes of an obtuse se- 
condary rhomboid. 

In the Hart/, the entire six-sided prism occurs more 
frequently than in other places. And we have noticed 
some Crystals from Plymouth which appear to have 
been originally of the form of the Derbyshire dodecahe- 
drons, and to have been afterwards enlarged by addi- 
tional particles, which have been so arranged as to 
convert the dodecahedrons into prisms similar to tlrose 
from Cumberland. And in sotnc Crystals, the points of 
the dodecahedrons are seen standing above -the summits 
of the prisms. 

Particular Secondary Forms are -found to occur con- 
stantly among some species of minerals, and rarely 
among other species belonging to the same class of pri- 
mary forms. 

Thus the regular hexagonal pyramids, which occur 
constantly among the Secondary Forms of quartz and 
corundum, rarely occur in carbonate of lime. 

. The Secondary Forms of some minerals contain only 
half the number of modifying planes which the law of 
symmetry requires ; as in the instance of the triangular 
planes ou some Crystals of quartz which occur on only 
one side of the edge .of the prism instead of being sym- 
metrically placed on both its sides. 

The causes of these peculiar habitudes of minerals 


arc not known ; and they appear to belong to that class Of Hcmf 
of facts, which our limited knowledge of the operations trope an<n 
of Nature does not enable us at present to comprehend. Ir ^®^ 1 1 od 

Of Ilcmitrope and Intersected Crystals. 

(77.) Besides the secondary forms referred to in the 
preceding section, there is another class which were 
termed macles by Home dc TJsle, and by Iluuy hemi- 
lrope % from their resemblance to Crystals which may be 
supposed to have been cut through, and one-half to have 
been turned partly round on an imaginary axis, pussing 
through the centre of and perpendicular to the plane 
of section. The imaginary axis being termed the 
axis of revolution , and the imaginary section, the plane 
of revolution. 

This kind of structure may be readily understood 
from one or two examples* 

(78.) If we conceive an octahedron, abed ef fig. 

50, to be cut through in the direction g h parallel to two 
of its planes; and if we suppose the half, b df partly 
turned rouud, as in fig. 51, until 6 is opposite to c, and 
d opposite to e , a Ilcmitrope Crystal would be produced, 
resembling one of the varieties of the common spindle. 

Again, if we suppose a doubly oblique prism, as in 
fig. 52, to be cut through in the direction 7ii n o. 

; And if we then conceive one-half to be turned half 
round, as in fig. 53, we shall have a form of Jlem it rope 
Crystal of frequent occurrence in cleavdundite. 

These examples are sufficient to illustrate the manner 
in which Ilcmitrope Crystals might be conceived to be 
produced. The arrangement, however, of the molecules 
in so apparently capricious a manner, is doubtless the 
consequence of some law operating on the structure of the 
Crystal from the commencement of its formation, ami 
analogous to those laws by which other secondary forms, 
are produced. 

Crystals of this character may occur among cither 
unmodified primary forms, or secondary forms; the 
plane of the imaginary section being always parallel 
either to one ot the primary planes, or to some second- 
ary plane which would result from a regular decrement. 

Oxide of tin, as shown in Mr. Phillips’s Paper on 
that substance in the lid volume of the Geological. 
Transactions , exhibits a considerable variety of forms of 
this nature. They are very common also in felspar, rutile, 
and sphene; and they occur in many other substances. 

One character by which Ilcmitrope Crystals may fre- 
quently be known, is the re-entering angle which is pro- 
duced by the meeting of some of their planes. This 
is very obvious in the figures 51 and 53. But even 
where this re-entering angle does not appear, there is 
generally some line, or some other character, which in- 
dicates the nature off the Crystal. 

The term twin Crystals has been applied by some 
authors to denote these compound forms, upon the 
supposition that they arc pairs of single Crystals united 
by partic liar planes. 

(79.) Crystals are frequently found intersecting each 
other with greater regularity than can lie ascribed to 
accident, and forming a class very analogous to Hemi- 
tropes, of which the staurotido affords a good example. 

The primary ibrm of the staurotide is a right rhombic 
prism, fig. 54. 

Two of these prisms frequently cross each other at right 
angles, as in fig. 55. And sometimes at an oblique 
angle. 
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Y Crystal- Jii other minerals it is sometimes observed, that three, 
^hi£"»l>liy. f our> or 1|lore Crystals intersect each other in this man- 
ner.aml produce figures apparently remote ill character 
from the primary forms’ to which they belong. Com- 
bined or intersecting Crystals frequently occur in arra- 
gonite, in carbonate of lead, in sulphuret of copper, and 
in other species of minerals. 

Of Epigone and Psendomorphous Crystals. 

(80.) The crystalline forms already alluded to are 
supposed to be the proper forms of the mineral sub- 
stances among which they occur. But minerals fre- 
quently present themselves under other, and what may 
be termed foreign, forms. 

One class of these to which Ilaiiy has applied the 
name of Epigene t consists of Crystals, the substance of 
which has undergone some chemical change subsequently 
to their formation. 

Tims Crystals of blue carbonate and of red oxide of 
copper are frequently found converted into green car- 
bonate. Sulphuret and carbonate of iron are changed 
into oxides, without losing their peculiar crystalline 
forms ; and the same alteration takes place in other 
minerals. 

(SJ.) Another class of Crystals whose forms are also 
foreign to the substances in which they occur, have 
been denominated Pseudotnorphons. These have been 
formed either within cavities from which Crystals of 
some other substance have been previously removed by 
some natural cause, or upon Crystals of some other 
substance, which Crystals have subsequently disap- 
peared ; the space they occupied eiihcr remaining void, 
or being louiui tilled with some other matter. 

Both these classes of Crystals, particularly the first, 
may occasion some embarrassment to the young Mine- 
ralogist, but. this will be lessened by an improved ac- 
quaintance with the minerals in which they occur. 

The theory of the formation of Pseudomorplious 
Crystals presents however some difficulties which it does 
not seem easy to remove. It is not easy to conceive 
how r the Crystals, resembling in their figure those of 
quartz and carbonate of lime, which are found in what 
is termed crystallized steatite, could have been formed. 
The Crystals themselves and the mass in which they 
are imbedded being apparently composed of homogeneous 
matter. * 

Of the Phenomena of Crystallization . 

(82.) Little is at present known concerning the 
nature of those forces or influences which determine 
mineral bodies to assume crystalline forms, or concern- 
ing the causes which produce such a diversity of those 
forms. Hatty says, that ** when the molecules of a body 
are suspended in a fluid, which afterwards, either by 
evaporation, or through some other cause, abandons them 
to their reciprocal affinities, if no disturbing force should 
interfere, the molecules would unite by those planes the 
most disposed to such union, aiul would by their com- 
bination produce the regular solids which we term 
Crystals.” 

But this explanation of the manner in which a change 
of state from solution to solidity may take place, docs 
not assist our inquiry into the causes which predispose 
the molecules to form solids of particular shapes; or 
why their mutual attractions should cease in particular 
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directions, as in the formation of a cubic Crystal, which Of tlu» 1’hv 
is defective at all its solid angles. nouwn.i *4 

The causes of Crystallization arc probably allied to 1 r>Mi,ll,>tl1, 
electricity, whose relations are much more extensive than 
they were formerly Supposed. We shall not, however, 
enter further upon this subject, 1m t shall hi icily in- 
quire into the general phenomena of the production of 
Crystals. 

► (83.) The different hypotheses which assign an 
aqueous, or an igneous origin to what has been termed 
the crust of our earth, suppose the minerals forming 
that crust to have been produced by analogous causes. 

It is however certaiu that many of the natural Crys- 
tals with which wo arc acquainted, were not foimed 
contemporaneously with the beds in which they ha\e 
been discovered ; but that they have been produced at 
later periods, and possibly under very different circum- 
stances. Sometimes their origin may bo ascribed to 
the action of heat, sometimes to the solvent power of 
some fluid, and in other instances to the united influence 
of both these causes. 

The observations of Sir Humphrey Davy Upon the 
slnte of water and aeriform matter in cavities found in 
certain Crystals,” printed in the Philosophical Trans- 
actions for 1822, render it not improbable that natural 
Crystals are formed under very different degrees both 
ot pressure and temperature. There arc several ap- 
pearances not uncommon among Crystals, from which 
it may be inferred that they are sometimes very slowly 
formed, and that accompanying Crystals of different 
minerals have been deposited at very different, periods. 

The Crystals of carbonate of lime which are found 
at Jieton in Staffordshire, frequently contain numerous 
minute Crystals of copper pyrites, apparently first de- 
posited on small Crystals of the carbonate of lime. This 
substance has then formed over the pyrites, and pro- 
duced it larger Crystal of carbonate of lime, upon which 
a second deposit of copper pyrites has taken place. 

This has been again enclosed within a still larger Crys- 
tal of the calcareous matter, upon which other Crystals 
of pyrites have been again deposited. And wc may dis- 
cover, when the Crystals are large, many alternations of 
these two minerals successively covering each other. 

The Crystals which arc termed pseudoniorphotis 
sometimes afford very distinct evidence of successive 
formation, as the period at which these were produced 
must have been posterior to lhaf of the Crystals whose 
forms they imitate. We have observed in one instance 
a mould in preparation, if we may so term it, for u 
pseudomorphous Crystal, from which a part only of the 
model, a cube of fluutc of lime, had been removed, 
leaving in the cavity only a small loose nodule with an 
irregular and smooth surface like that of partially dis- 
solved salts. 

Hollows of various forms contained within crystallized 
quartz are not uncommon ; but we do not recollect any 
other instance of the Crystal, whose removal had pro j 
duced the vacuity, being only in part destroyed, as if its 
dissolution had been recently going on. Numerous 
other examples might be cited as evidences of the gra- 
dual ^formation of Crystals, by processes which arc 
probably still in operation, although we are uninformed 
respecting their nature. 

There are circumstances which render it almost certain 
that some Crystals have been produced from solution in 
a fluid. * The water found in the cavities of certain 
Crystals of quartz, would seem to refer their origin to 
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Crystal- ‘ solution in that fluid ; and it is known from the copious 
»ograj»by. deposit of silicinus matter from the waters of the Geyser 
in Iceland, and from the hot springs in the Island of 
St. Michael's, that quarts u\ay be held abundantly in 
solution by water. 

Whether the metals have been deposited from che- 
mical solutions, or from a state of fusion, are points 
upon which no certain information has been obtained, 
nor do the few facts which are known throw much 
. general light on the subject. 

Some specimens brought from Torre del Greco havebeen 
described by Mr. Aikin in the Geological Transaction v 9 
among which were some minute octahedral Crystals of 
red oxide of copper attached to the surface of a fused and 
partly oxidated mass of copper and iron. These must 
have been produced by sublimation of the particles 
which composed them. 

It appears from a Paper by Dr. Wollaston published 
in the Philosophical Transactions for 18:23, that the 
metallic titanium which he discovered among the slag's 
from some iron-works, is wholly infusible ; but he con- 
jectures that it might have been precipitated in its pre- 
sent crystalline forms in the state of oxide, in which it 
might have been sublimed. And in this manner Crys- 
tals of the metals and their ores may possibly have been 
deposited upon quartz, or upon other earthy substances. 

The red oxide of mercury produces sometimes very 
distinct Crystals by sublimation. And Crystals of 
calomel and of other substances may be produced in a 
similar manner. 

(84.) The processes of the laboratory arc the only 
means we possess of investigating the phenomena of 
Crystallization. Some minute Crystals of quartz are 
said to have been deposited from hn alkaline solution 
of that substance after long standing; and Crystals of 
carbonate of lime have been observed in vessels which 
contained the elements of that mineral in solution. Lead 
may be produced in thiu metallic plates from the de- 
composition of acetate of lead by metallic zinc. Bis- 
muth, antimony, and some other metals may also he 
made to crystallize by fusion : but these few facts afford 
no conclusions explanatory of the natural processes of 
metallic Crystallization. Many experiments have, how- 
ever, been made with a view to investigate those pro- 
cesses, from which several curious and interesting re- 
sults have been obtained. 

Most bodies have a tendency to crystallize in passing 
from a state of fusion or solution into a solid state. 
Water may be said to crystallize at 32° of Fahrenheit, 
although it docs not exhibit regular cleavage planes 
when broken, and flakes of snow frequently exhibit 
regular and beautiful forms. Highly concentrated ace- 
tous acid becomes solid and assumes a crystalline form 
at about 50° of Fahrenheit: and mercury crystallizes at 
about 72° below live freezing point of water, and when 
in a solid state it is brittle and exhibits a distinct crys- 
talline fracture if broken. Lead, antimony, and most, 
other metals, become fluid at different temperatures 
above that of boiliug water, and when suffered to cool 
gradually, they may be brought to crystallize with more 
or less regularity. For this purpose they are to be 
- melted in deep vessels, and when the metal lias become 
. solid at the surface by slow cooling, that surface is to be 
bioken.'and the tnetal which remains fluid within, being 
poured out, the hollow will frequently be found lined 
with very regular Crystals. 

Among the slags from ftirnaces regular Crystals fre- 


quently occur, not only of metallic but of earthy sub- Of the Phc * 
stances. numena of 

(95.) Tire artificial production of Crystals from M)lu- - 

tion in a fluid may be considered in reference to the cir- ^ 

cumstunces attending their deposition, to their size, their 
forms, whether simple or compound, regular or ii regu- 
lar, and to the characters of their planes. 

(86.) The variations in the temperature and hygro- 
inctric state of the air, but more particularly the latter, 
will influence the deposition of Crystals. When the air 
is dry, evaporation proceeds more rapidly, and Crystals - 
are then deposited more freely. Heat, as it promotes 
evaporation, predisposes a solution to deposit Crystals, 
which arc generally best formed when the evaporation 
has been slow, and as the solution cools. 

But Crystals are not always deposited when even a 
saturated solution cools. 

If a concentrated solution of sulphate of soda be en- 
closed while hot in a tube, it will not deposit Crystals 
on cooling ;• but if air, or gas of any kind, he admitted 
to it, the whole mass becomes almost instantaneously 
solid. 

(87.) There is a considerable diversity in the manner 
in which the Crystals of different salts are deposited. 

Sometimes they stand singly on the bottom of the vessel 
containing the solution. In other ‘instances their ten- 
dency is to form into groups, the Crystals of which appear 
sometimes to radiate from a common centre. This cha- 
racter is very conspicuous among natural Crystals in wu- 
vellite, in some varieties of sulphate of lime, arse i date of 
cobalt, and other miucials. The Crystals of sulphate 
of magnesia, of rhombic sulphate of nickel, of nitrate of 
potash, and many other substances, if lather rapidly 
produced, form long slender prisms, which so intersect 
each other as to lie in almost every direction. Car- 
bonate of magnesia does not crystallize, if the quantity 
dissolved be small, until the bulk of the solution be 
nearly equal to t lie bulk of the Crystals that are pro- 
duced from it. And the solutions of other sails are 
known to require a high degree of concentration before 
they will deposit any Crystals. 

(88.) The nature of the surface of the vessel contain- 
ing the solution will influence the precipitation of Crys- 
tals. Thus Crystallization is said to take place more 
rapidly in rough earthenware than in glass vessels, and 
it is well known that ihtends, horse-hair, tine wire, 
sticks of glass, and other foreign bodies introduced into 
a solution will be covered with Crystals in preference to 
the surface of the containing vessel. 

When a solution is ready to deposit Crystals, they 
will be immediately produced if a fragment of the sub- 
stance dissolved be introduced into it. And however 
irregular the shape of this fragment may be, the irregu- 
• laritics will be found to disappear as it increases in 
bulk, and a regular Crystal will be produced, which will 
be enlarged as the evaporation proceeds. 

(89.) The size of the Crystals is generally influenced* 
by the volume of the solution and by its depth. 'When 1 
the volume and depth are considerable and the evapo- 
ration slow, large Crystals will generally be formed. 

But in operating upon small quantities of fluid. Crystals 
of different sizes arc frequently produced in the same 
vessel, and in apparently a capricious manner. And 
it has been said, that solutions charged with electri- 
city have deposited smaller Crystal^ than when in their 
natural state. 

•Sortie salts, of which the sulphate of copper anr 
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Ifiystol- nickel, and the sulphate of copper and zinc are exam- 
tography p] e9 ^ deposit much larger Crjstals during the cooling of 
a smaller quantity of a saturated hot solution, than 
from the spontaneous evaporation of a much greater 
volume at the actual temperature of the atmosphere. 

(90.) With regard to the forma of Crystals, those 
-which are considered primary rarely occur among either 
natural or artificial Crystals, nor has experiment yet 
pointed out any means by which these may with cer- 
tainty be produced. 

It has been said, that more simple forms are pror 
duced when an impalpable powdei is mixed with the 
solution of a salt. 

There does not, however, appear to be much con- 
stancy in the result of such experiments, but on the con- 
trary different substances appear to possess peculiar 
habitudes in this respect and not to exhibit correspond- 
ing results. 

Chemical mixtures influence the forms of Crystals, 
perhaps more frequently than any other cause, yet in a 
manner of which wc believe at present no clear concep- 
tion can be formed. Mr. Brochatit remarks, with great 
justice, that the nature of .this influence is a highly im- 
portant point in the History of Crystallization, as it is 
probable that it very frequently governs the formation of 
natural Crystals. Some chemical mixtures appear to 
influence even the primary forms of Crystals, without 
apparently altering the nature of their chemical consti- 
tution, while others merely occasion changes in the 
modifications of those forms. Thus sulphate of nickel, 
if crystallized from an acid solution, takes a square prism 
as the primary form ; Imt if the square prisms thus 
obtained be dissolved in water and re-crystallized, 
rhombic prisms are produced, without any apparent 
atomic difference in the proportions of their respective 
elements. 

The difference between the forms of carbonate of lime 
and arragonitc, which are probably similar chemical 
compounds, may have resulted from some interference 
analogous to this; and we may, perhaps, refer to the 
same cause the difference of figure between the common 
and the white iron pyrites. 

(91.) The faces on which Crystals deposited from 
solutions rest, are generally extended disproportionately 
in .relation to the other planes. But this is not in- 
variably the case, nor does the position of the deposited 
Crystal in the solution always influence its figure. 

If the crystalline particles were constantly more nume- 
rous towards the bottom of the solution than at its 
surface, it might be supposed that Crystallization would 
first take place at the bottom, and that the lower planes 
of immersed Crystals would be the most enlarged ; and 
this is frequently found to be the case. 

But several of the salts begin to crystallize almost 
invariably at the surface; and while the Crystals thus 
formed sink and increase in size at the bottom, others 
are successively produced above. 

We have remarked also among some Crystals of 
nitrate of lead, which were deposited together in the 
same vessel, some which were unmodified octahedrons, 
and others that were he mit ropes. Of the octahedrons, 
some had their axels perpendicular to the surface on 
which they rested ; others rested on one of their planes ; 
and others were attached by an edge to the bottom of 
the vessel ; a variety of position which excludes the idea 
of its being the result of any particular law. 

The natural planes of Crystals are subject to a con ; 


siderabfe diversity of character, some possessing the Of the 
highest degree of brilliancy, and others being so dull as Tables of 
to afford no distinct reflections. Sometimes they are Mulifica- 
r>lriated, sometimes curved, and they comnionlv exhibit litms - 
greater or less degrees of inequality. Particular planes w 
of some Crystals are frequently marked by some distin- 
guishing peculiarity which occurs also on the corre- 
sponding planes of other Crystals, of the same substance. 

Thus the planes which truncate the primuiy terminal 
edges of tbe Crystals of carbonate of lime are generally 
striated parallel to their edges of combination ; and the 
terminal planes of hexagonal prisms of that substance 
are generally opaque and dull. 

Among artificial Crystals a difference is frequently 
observable in 'he characters of the planes, but it is not 
constant even under analogous circumstances. Some- 
times the most perfect planes appear on those Crystals 
which have been slowly formed, and sometimes on those 
which hstve been rapidly produced, particularly in some 
of the double salts. We have repeatedly tried to obtain 
by slow evaporation Crystals of the sulphate of copper 
and zinc with blight planes, but without success; yet 
they have been immediately produced on the cooling of 
a hot saturated solution, and we have observed more 
perfect Crystals of sulphate of copper produced in this 
manner than from slow evaporation. 

It must, however, be admitted that these experiments 
and facts do not afford the desired illustration of the 
natural processes of Crystallization. 

Of Ike Tables of Modification* . 

(92.) Crystals of different mineruls may belong to the 
same system of Crystallization. Thus fluate of lime 
and sulphuret of silver are both referable to the cube. 
Carbonate of lime and red silver arc both rhomboids. 

Sulphate of lead and hydrous oxide of iron arc both 
right rhombic prisms. And so of other minerals. 

When several species are related to one system, or, as 
we shall henceforth express ourselves, to one class of 
primary forms, they will, unless that class be the cube, 
generally be found to di filer from each other, in the 
mutual inclination of their primary planes, or in the 
comparative lengths of some of their primary edges. 

(93.) Crystals rarely present themselves under their 
respective primary forms, but are usually modified by new 
planes, producing secondary Crystals, from which the 
primary are to be inferred. Hence an accurate know- 
ledge of the relations between the secondary and pri- 
mary forms of Crystals is essential to a correct crvstal- 
lographical discrimination of minerals. 

The secondary forni9 of Crystals have been explained 
to consist of Modifications of the primary, occasioned by 
decrements on some of their edges or angles, the laws of 
which will be afterwards investigated. But as there 
are many who form collections of minerals as an amuse- 
ment, and others who pursue 9ome branch of Mineralogy 
as a business, and who from want of inclination, or 
Icisuve, or a habit of engaging in such inquiries, arc 
disinclined to undertake a geometrical investigation of 
the relations of Crystals, we have attempted to supply 
another method of exhibiting those relations in the fbi- 
lo wing Tables of Modifications of the prim ury forms, and 
the explanations which follow them. And although 
these may not furnish the Mineialogist with all the 
assistance he requires, his study oi Crystals will be 
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materially asMsted l»y the opportunity they will afford 
him of comparing nil the primary and simple secondary 
forms with each other, and of obtaining a general view 
of the entire series of simple secondary forms under 
which Crystals may present themselves. And as the 
most compound secondary forms are only combinations - 
of two or more simple Modifications, these Tables will 
explain the most complicated figures of Crystals, 

(94.) The Tables contain not only the observed Modifi- 
cations of Crystals, but the entire series of which each class 
of the primary forms is susceptible while influenced by 
the law of symmetry, with the addition of some of • the 
observed instances of departure from this law in the 
production of what may be termed incomplete secondary 
forms. 

From a general view of the Tables, it will be seen 
that, the first Modifications are those on the angles of 
the primary form ; these being succeeded by the Modifi- 
cations on the edges ; beginning in all cases with the 
simplest change of form. 

It lias been already stated, that each class of the pri- 
nmry forms may comprise many series of Crystals belong- 
ing to as many different species of minerals. And in the 
same manner each of the Modifications, excepting those 
which produce tangent planes, may include a number of 
individual or particular planes differing* from each other 
in the angles at which they respectively incline on the 
adjacent primary plaues. 

Thus a scries of modifying planes comprehended 
under b in the Modifications of the cube may occur 
within two natural limits ; the one the primary plane 
of the cube, and the' other the plane a . For it is oh 
viousthnt the inclination of b on P may approach nearly 
to 180°, but it can never reach that limit. And it may 
pass from this position through perhaps an unlimited 
series inclining less and less on P, until at length the 
inclination would be nearly the same as that of a on P; 
but it is apparent that it can never attain this limit, 
there being no other plane than a which can incline to 
the primary planes at the same angle that a does. 

The series of planes belonging to Modification c of 
the cube, are limited within the planes a and c. The 
angle at which the planes marked c incline to eacli 
oilier, may be conceived to increase, until it approaches 
very nearly to 180^; the three planes would then very 
nearly become one, or be nearly similar fo a , but they 
can never reach that limit. And they may also be con- 
ceived to incline more and more upon the edge, until at 
length they would very nearly coincide with the planes 
e, but they could never exactly coincide with those 
planes. 

The series of particular Modifications of the cube com- 
prehended under d, may be conceived to lie within 
several limits, according to the direction in which -the 
change of position of the modifying planes. may be sup- 
posed to take place. The angle at which the two planes 
d, which rest on P incline to each other may be ima- 
gined to increase until they nearly approach to one 
plane, corresponding with 6, or the angle at which the 
two planes </, which meet at the edge of the cube, incline 
to each other, may approach nearly to 180°, when they 
would nearly become analogous to c. Or if the two 
planes d, which meet at the edge of the cube, be con- 
ceived to incline more and more on that edge, they will 
at length approach nearly to the position of the planes 
f t but they can never coincide with those planes. 

These remarks on the nature of the differences among 


the planes belonging to some of the Modifications, 
might easily be extended to all. But it will not be 
difficult for the reader to apply them himself to all the 
other variable ones. The nature of the variation, how- , 
ever, will occasionally be poiuted out in the Tables. 

(95.) When the new planes which would result from 
any particular Modification arc so much extended as to 
efface the primary planes, a new solid will evidently 
result. The scries of new solids which might result 
from any siugle Modification, will be found generally 
to possess one common character : tjiat is, their planes 
will generally be all triangular, or all quadrilateral, or 
all pentagonal, or some other common figure ; but this 
is not invariably so. Among the scries of secondary 
forms resulting from particular Modifications of the 
rhomboid, some will be contained within scalene trian- 
gular planes, and others belonging to the same Modifi- 
cation within isosceles triangular planes, as will be 
pointed out in the Tables. 

(96.) A particular position is chosen in these Tables 
for the figure of each of the primary forms, and the 
same is retained in the series of Modifications. 

The right rhombic prism is supposed to have its 
greater diagonal horizontal. 

in the oblique rhombic and doubly oblique prisms 
the angles of P with M and T are supposed to be ob- 
tuse; and il the figures of Crystals of different sub- 
stances belonging to the same class of primary forms, 
were always placed in ihc same positions as tlio^e in 
the Tables, they might more easily be compared with 
each other, and their peculiar characters be more readily 
described. 

(97.) On each of the primary forms certain letters are 
placed, which arc intended to designate the angles, 
edges, and planes of Crystals, and to denote their simi- 
larity or dissimilarity. 

Some or all of the vowels A E I O are used to desig- 
nate Ihc plane angles of the primal y form ; some of the 
consonants, B C 1)F G II, to designate the primary 
edges, and P M T the primary plant a of Crystals. 

The same letter is repeated where the angles, edges, 
or planes arc similar; and different letters are used 
where those angles, edges, or planes arc dissimilar, 
according to the definitions of similar angles, &c., already 
given (11.) to (14.) 

Thus the letter A is repeated on the four angles of 
the -cube, these being all similar ; while A and K are 
placed oil the alternate angles ot the right rhumbic 
prism to show that in that figure those angles only arc 
similar which are opposite to each other. 

In the cube the letter P is repeated on all the planes, 
because they arc all similar. 

In the right rhombic prism the letter P stands on the 
terminal plane, and M on the lateral planes, implying 
that these are not similar to the terminal plane ; but M 
being repeated on both the lateral planes, denotes that 
these ire similar to each other. When M stands on 
one and T on the other, they are dissimilar.* 

The ' and", (which are to be read dash ami two dash,) 
added t u sonic of these letters, serve merely to distin- 
guish two or more similar edges, angles, or planes from 
each other. * 

By carefully observing the letters thus used to desig- 
nate the planes, 8cc., the class of primary forms to 
which any figure, drawn according to this method, 
belongs, may be readily discovered. 

When the planes of a Crystal are parallel, if taken 
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Crystal- 1,1 pairs, not more than one half of their number can be 
5o*rraphy. rendered visible in the front of the drawing; but when 
the planes are not all parallel, 11 s in the tetrahedron, 
jinore than half maybe exhibited according to the position 
of the Crystal. For it is evident that if the tetrahedron 
he held with a solid angle nearest to the eye, three of 
its four planes will be seen at the same time. 

Jt may be remarked that the modifying planes con- 
tained in the Tables, are produced by cutting off por- 
tions of the figure of the primary Crystal, and thus 
reducing its bulk. It is almost unnecessary, idler what 
has been already said on the formation of Crystals, to 
observe, that nature proceeds by building up the se- 
condary forms instead of thus truncating the primary. 
And we may, if we plehse, imagine that the secondary 
figures given in these Tables, have been produced by 
additions to primary Crystals of , smaller relative di- 
mensions. 

The inclination of any two planes to each other, as 
P, and Modification a of the cube, or the angle at which 
they meet, may be expressed by P on r/, or a on i\ or 
simply by or n,P, adding the Yalue of the angle 
in degrees and minutes. 

Tables of the Primary Furtns and their Modifications . 

THE CUBE. 

Fig/ 56. 

(99.) Mod. a , fig. 57. The solid angles replaced by 
tangent planes, whose surfaces arc equilateral triangles. 

AY lien the modifying planes are extended so as to 
efface the primary planes, a regular octahedron is pro- 
duced. 

r,« = 1:25° 15' 52" 
a.a' = 100° 2S' 16" 

«',«"=* 70° 31' 44" 

Mod. b , fig. 5S. The solid angles replaced by three 
planes resting on the primary planes. 

From this Modification a series of new figures might 
result, each of which would bo contained within twenty- 
four equal trapezoidal planes; the trapezoids being dis- 
similar in the different members of the series, and inclin- 
ing at different angles on the primary planes and on each 
other. The different members of every other series of new 
figures which can result from any Modification of this 
or any other Primary Form will generally agree in the 
character of their planes, but these will always differ iri 
their inclination to the primary and. to cadi other. An 
observation which it will not be necessary to repeat in 
reference to any series belonging to any other of the 
Primary Forms. 

Mod. <*, fig. 59. The solid angles replaced by three 
planes resting on the primary edges. 

New figures contained within twenty-four equal isos- 
celes triangular planes. 

Mod. d t m fig. CO. The solid angles replaced by six 
planes. 

New figures contained within forty-eight triangular 
planes. 

Mod. e f fig. 61. The edges replaced by tangent planes. 

New figure the rhombic dodecahedron. • 

P,e = 135° 
e t e' = 120° 

Mod. f fig. 62. The edges replaced by two planes. 

New figures contained within twenty-four triangular 
planes. 

VOL. vi. . 


(100.) Some of the forms assumed to be derived Tables of 
from the cube, contain only half the number of modi- (hi- Primary 
fyi.ng planes which the law of symmetry requires. Of Forms and 
these there are two different sets. One belonging to 
the tetrahedron, the other to a pentagonal dodeeahe- ^ ca * 1Qlm - 
dron ; and us these are the predominating figures of 
some species of minerals, it will be convenient to denote 
their relations to the cube in the following manner. 

In fig. 63 the planes a appear only on the alternate 
solid angles, and present only half the number of planes 
required by the law of symmetry. The tiguie may 

therefore be denoted by Mod. When these planes 

are so much extended as to efface the primary planes, a 
regular tetrahedron would be produced, as shown by the 
lines on the figure. And it is evident that this same form 
would be produced, but in a transverse position, if the 
modifying planes were placed on those angles which are 
entire on the figure. 

The planes 6, c, and d occur also on the* alternate 
solid angles, and may he denoted by ~, and 

* * 4 

It is evident that the planes of this class of herni- 
forLns, as they may be termed, are not parallel, but in 
dined to each other; a character by which they may be 
distinguished from the following. 

(101.) When the cube is modified by only twelve 
of the planes of Mod. f as show n in fig. 6 1, ‘a series 
of pentagonal dodecahedrons will be produced, contained 
within six pairs of parallel planes. The relation of this 
figure to figure 62, is seen by the corresponding letters 
on the planes of each. This class may, on account of 

f 

the parallelism of its planes, be denoted by ~ ||, and as 

a 

three only of the six planes of Mod. d sometimes occur 

d 

ou each solid angle, these may be denoted by - -- 1|. The 

addition of ||, the symbol of parallelism, being sufficient 
to distinguish these from the planes already denoted by 

a b e d ‘ 

-p and T . 


THE SQUARE PRISM. 

Fig. 65. 

(102.) The Crystals of different minerals belonging 
to this class may differ from each other in the compara- 
tive lengths of the edges jB and G. 

Mod . a % fig. 66. The solid angles replaced by single 
planes which are isosceles triangles. 

This Modification would produce a scries of four 
sided pyramids, resting on the lateral edges of tins 
prism. And when the modifying planes are so much 
enlarged as to efface the primary, a series of octahe- 
drons with square bases will result. 

The planes a incline equally on M and M\ but at a 
different angle from that at which they incline on P. 
A character by which this form is distinguished from 
the cube, where a inclines equally on the adjacent pri- 
mary planes. 

Mod . 6, fig. 67. The solid angles replaced by two 
planes. 

The new figures are bi -pyramidal, and contained 
within sixteen sides, 

(103.) The two planes of this Modification may in- 
tersect the planes M, M', parallel to a diagonal orother- 
3 N 
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wise, according to the nature of the decrement by which 
they arc produced. 

When both planes occur on a Crystal, and intersect 
M and M' parallel to*a diagonal, it will be convenient 
to denote them by the character b t% and the series of such 
planes may be distinguished by b, l, b, 2, b t 3, &c. When 
they result from intermediary decrements, and conse- 
quently do not intersect M orM' parallel to a diagonal, 
they may be denoted simply by h . 

If only one of the two planes b should appear on the 

Crystal, it may he denoted by ~ or-—, if parallel to 
a diagonal on the left or right of the figure, and by 
t — or — r, if not parallel to a diagonal. 

The same observations will apply to the planes b and 
d of the right and oblique rhombic prisms. 

Mod. c, fig. (IS, The terminal edges replaced by 
single planes not forming equal angles with the terminal 
and lateral planes, producing a series of four-sided 
pyramids resting on the lateral planes of the prism, 
and, by an extension of the modiJying planes, a series 
of octahedrons with square bases. 

Mod. d % fig. 69. The edges of the prism replaced by 
tangent planes. 

Mori, e, tig. 70. The edges of the prism replaced by 
two planes. 

The separate Modifications of (he terminal edges, or 
the lateral edges, will distinguish the secondary Crystals 
of this class of prisms from those of the cube. 


THE RIGHT RHOMBIC PRISM. 

Fig. 71. 

(104.) The solid angles at A are the obtuse , and 
those at E the acute solid angles. The edge G is ilic 
acute, and II the obtuse lateral edge of the prism. 

The. particular prisms belonging to different minerals 
may differ from each other in the inclination of M on 
M', or in l he ratio of the edge 11 to the edge II. 

Mod. a, fig. 72. The obtuse solid angle* replaced 
by single planes which intersect the terminal plane pa- 
rallel to its greater diagonal. 

When the planes a increase, the secondary form may 
l>c an octahedron with a rectangular base, as shown in 
fig. 73. 

Mod. b , fig. 74. The obtuse solid angles replaced hy 
two planes. 

This Modification would produce a scries of four- 
sided pyramids, and the new figures would be octahe- 
drons with rhombic bases. 

Mod. c, fig. 75. The acute solid angles replaced by 
single planes, which intersect the terminal plane parallel 
to its short diagonal. 

An- octahedron with a rectangular base, as shown in 
fig. 76. might result from this Modification. 

Mod. d, tig. 77. The acute solid angles replaced by 
two- planes. 

The new figures would be octahedrons with rhombic 
bases. 

The planes b and d may be denoted ns in the square 
prism. 

Mod. e, fig. 78# The terminal edges replaced by 
single planes. 

This Modification would produce a series of four- 


sided pyramids, and the new figures would be octahe- Tallies of 
drons with rhombic bases. thePnumry 

Mod. j\ iig. 79. The obtuse lateral edges replaced tiiVir AKi'ii- ■ 
by tangent planes. liV.mons." 

Mod. g, fig. 80. The obtuse lateral edges replaced v.— 
by two planes. 

When the primary lateral planes are effaced by the 
planes g, a series of secondary Right Rhombic Prisms 
would be produced. 

Mod. h , fig. 81. The acute lateral edges replaced by 
tangent planes. 

Mod. U fig* S2. The acute lateral edges replaced by 
two planes. 

This Modification would produce another scries of 
secondary prisms. 

THE OBLIQUE RHOMBIC PRISM. 

Fig. S3. 

(105.) The figure is supposed to be oblique in the 
direction O A, so that the terminal plane forms an 
obtuse angle with the edge II. The planes M M' 
may meet at an acute, or an obtuse angle. The solid 
angle at A is in either case termed the acu/c t and that 
at () the obtuse, and those at E the lateral solid angles. 

The edges 11 me the acute, and those at D the obtuse 
terminal edges. The edge II and its opposite arc the 
oblique , and G and G' the lateral edges of the prism. 

The Crystals of this form belonging to ditfcieul mine- 
rals may differ from each other in the inclination of \* 
on M, or of M on M\ or in the ratio of an edge b Id 
ail edge II. 

Mod. a, fig. 81. The obtuse solid angles replaced hy 
single planes. 

Mod. 6, fig. 85. The obtuse solid angles replaced by 
two planes. 

Mod. c, fig. 86. The acute solid angles replaced by 
single planes. 

Mod. d, fig. 87. The acute solid angles replaced by 
two planes. 

The planes b and d may he denoted as in the square 
prism. 

Mod. c f fig. SS. The lateral solid angles replaced l»y 
single planes. 

(106.) The planes of this Modification may cut the 
terminal or lateral planes parallel to u diagonal, <>r 
otherwise according to the decrement hy which they a re- 
produced. If e cuts the te rminal plane parallel to a 
diagonal, it may be denoted by ? ; if the plane || Yl' hy / ; 
and if the plane M, by e t . And a corresponding nota- 
tion may be applied to the planes a, b, c, and d, of the 
doubly oblique prism. 

Mod. f fig. 89. The obtuse terminal edges replaced 
by single planes. 

Mod . £, fig. 90. The acute terminal edges replaced 
by single planes. . 

Mod. b, fig. 91. The oblique edges of the prism re- 
placed by tangent planes. 

Mod. f\ fig. 92. The oblique edges of the prisin re- 
pi teed by two planes. 

J tod. k, fig, 93. The lateral edges of the prism re- 
placed by tangent planes. 

Mod,. /, fig. 94. The lateral edges of the prism re- 
placed by two planes. 

Mod. i and l would produce other Oblique Rhombic 
Prisms, varying from the primary and from each other, 
in the angles at which their lateral planes would meet. 
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f’-yptal- This class of prisms may generally be distinguished 
uv.iiiphy. f mm rhomijoif!*, by the unequal inclination of the plane 
^ c to three adjacent primary plaUes, and by the dissimi- 
larity of the planes f and h> gr g and k . 

TIIE DOUBLY OBLIQUE PRISM. 

Fig. 95. 

(107.) In this class of prisms the inclinations of P on 
M, P on T, and M on T, are all different. 

The edges and angles of these prisms may be de- 
signated by the same terms a3 have been used for the 
corresponding ones of the oblique rhombic prism. 

The different Crystals belonging to this class may 
differ from each other in the inclination of P on M, 
P on T, and M on T, and in the ratios of the edges D, 
F, and H. 

Mod. a , fig. 96. The obtuse solid angles replaced by 
single planes. 

Mod. b % fig. 97. The acute solid aflgles replaced by 
single planes. 

Mod. c, fig. 98. The lateral solid angles E replaced 
1>) single planes. 

Mod, d % fig. 99. Lateral solid angles I replaced by 
single planes. 

Planes a, b % c , and d may be denoted similarly to 
those of Mod. c of the oblique rhombic prism. 

Mod. <*, fig. 100. The obtuse terminal edges D re- 
placed by single planes. 

Mod. f fig. JO J. The acute terminal edges C re- 
placed by single plane*. 

Mod. g f fig. 102. The acute terminal edges D rc- 
p! acid by single planes. 

M f d. //, tig. 103. The obtuse terminal edges F re- 
placed by single planes. 

Mod. i. fig. 101. r rbe oblique edges of the prism 
replaced by single pianos. 

Mod. fig. 105. The lateral edges of the prism re- 
placed by single planes. 

From the dissimilarity of any two adjacent edges or 
angles of this class, the separate Modifications produce 
only single planes; but several varieties of these may 
occur on the same edge or angle. The secondary forms 
belonging to this class, are among the most difficult 
Crystals to be understood. 

THE RHOMBOID. 

Fig. 109. 

(108.) The angle alT is the superior, that at O the 
inferior , and those at E the lateral angles of the plane 
P. The edges R are the. superior , and those at I) the 
inferior edges of the same plane. 

The solid angle at A is the terminal , and those at E 
and O are the lateral solid angles. The edges R are 
the terminal , and 1) the lateral edges of the Rhomboid. 

Rhomboids are distinguished from each other by the 
inclination of P on l v . When P on P' measures more 
than 90°, the Rhomboid is called obtuse ; when less it is 
called acute. 

Mod. a, fig. 107. The terminal solid angles replaced 
by tangent planes. 

Mod. b , fig. 109. The terminal solid angles replaced 
by three planes resting on the primary planes. 

Mod. c, fig. 109. The terminal solid angles replaced 
by three pin lies resting on the primary edges. 

Each of the Modifications 6 and c would produce a 


series of Rhomboids more obtuse than the primary ; but Tallies of 
differing in their relative position*. the primary 

Mod. d , fig. 110. The terminal solid angles replaced r,,r,ns - 1,u ! 
by six planes. The new figures :uv obtuse dodecuhe- 
drons whose planes arc generally scalene triangles. mu>ns.^ 

Mod. Ci fig. 111. The lateral sot id angles replaced 
by single planes parallel to the aria of the Rhomboid. 

These planes are the lateral planes of a regular hex- 
agonal prism. 

Mod. f \ tig. 119. The lateral solid angles replaced 
by two planes, Whose edge of intersection is parallel .to 
the axis of the Rhomboid. 

These planed represent the lateral planes of a series 
of dodecahedral prisms. 

Mod. g, fig. 113. The lateral solid angles replaced 
by single planes intersecting the primary plaues pa ralld 
to their oblique diagonals. 

The new figure would be a Rhomboid more acute 
than the primary. 

Mod. h f fig. 114. The lateral solid angles replaced 
by two planes intersecting the primary planes pa ralld 
to their oblique diagonal 

The new figures would be acqle dodecahedrons, whose 
planes arc generally scalene triangles. 

Mod. i, fig. 115. The lateral solid angles replaced 
by single planes which intersect the primary planes in 
lines that converge towards the summits. 

The new figures would be Rhomboids, more acute 
than the primary. 

Mod. k, fig. J 16. The lateral solid angles replaced 
by two planes, which intcisect the primary planes similar 
to Mod. i. 

'flic new figures are generally acute dodecahedrons 
with scalene triangular planes. 

Mod. I, fig. 117. The lateral solid angles replaced 
by single planes, whose, intersection with the primary 
planes converge toward the in ferior angUs. 

This Mollification produces Rhomboids more acute than 
the primary, but in an inverse position to those of Mod. i. 

Mod . m, fig. I IS. The lateral solid angles replaced by 
two planes, whose intersections with the primary planes 
arc similar to those of Mod. 1. 

The new figures are acute dodecahedrons, generally 
with scalene triangular planes, and in an inverse posi- 
tion to those of Mod. h or k. 

Mod. ?i, fig. I 19. The terminal edges replaced by 
tangent planes producing a Rhomboid more obtuse thau 
the primary. 

Mod. o, fig. 120. The terminal edges replaced by 
two planes. 

The new figures are obtuse dodecahedrons, whose 
planes are generally isosceles triangles. 

Mod. p y fig. 121. The lateral edges replaced by tan- 
gent planes. 

Plunes p ave the lateral planes of a regular hexagonal 
orisin. 

Mod. q, fig. 122. The lateral edges replaced by two 
planes. 

From this Modification there results a series of dode- 
cahedrons, whose planes are always scalene triangles. 

Some of the Modifications of the Rhomboid and the 
secondary forms which they produce, bear a general 
resemblance to those of the oblique rhombic prism, as 
will be readily perceived by comparing Mod. a of the 
prism with a of the Rhomboid. And by respectively 
comparing g and J’ of the prism with n and p ot the 
Rhomboid. 

3 n 2 
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Crystal- But these forms may be distinguished by the equal 
lugraphy. i n elinsit ion of a of the Rhomboid on t)ie three adjacent 
planes; or by the simultaneous Modification of the 
three terminal or six lateral edges of the Rhomboid. 

When the primary planes of the Rhomboid are effaced 
by secondary planes, it is only by observing the direction 
of the cleavage planes, or some other determinate cha- 
racter, that the Modification to which the secondary 
figure belongs can be ascertained. 

Of the Application of the preceding Tables. 

(109.) The preceding Tables and remarks will have 
afforded the reader such a general outline of the relations 
among the several primary and secondary forms of 
Crystals, as will enable him in very many cases to de- 
termine at once the primary form and modification of 
any gi\en Crystal. But he may not be enabled to do 
this generally without some further explanation of the 
method of what may be termed reading Oi )stals. 

The practical use of Crystallography is, as we have 
before stated, to enable the Mineralogist to determine 
the species of a mineral from au examination of its 
crystalline forms. • 

These forms arc either primary or secondary ; they 
arc frequently very complicated ; and the Crystals from 
which they are to be determined, are generally only 
fragments detached from the matrix on which they 
have been produced, and are occasionally very imperfect. 

(1 10.) The regular symmetry of the secondary forms 
of the cube is such as to admit little doubt concerning 
the primary in those cases where the secondary planes 
can be distinctly recognised. Rut the planes a of the 
regular octahedron are not always distinguishable from 
those of Mod. a of the square prism, without measure- 
ment. 

(111.) The secondary forms of the sept arc prism may 
generally be distinguished from those of the cube by the 
want of simultaneous and similar Modifications on the 
lateral and terminal edges, and by the difference of 
measurement between the octahedrons derived from it 
and the regular octahedron. 

(1 12.) When there is only a single set of cleavages 
parallel to the lateral planes of a square pi ism, the planes 
parallel to the cleavage are assumed to be the primary. 
If there are two sets of cleavages, parallel to the planes 
M and </,either oftlie.se might be considered the piimary 
set; and in respect of any Crystals already described we 
can only ascertain which set lias been assumed as the 
primary by a comparison of the Crystals themselves 
with the published descriptions and figures. 

(113.) The right rhombic prism presents very little 
analogy to cither of the preceding forms, unless the 
inclination of the lateral planes upon each other is very 
nearly a right angle. The octahedrons which might 
then result from Mod., e would nearly resemble those of 
the squure prism, as the inclination of e on e' would be 
nearly the same as that of ef on e". But the rhombic 
prism may then he distinguished from the square prism 
by either of the Mods . f or g or h or i appearing singly 
on the Crystal. 

There is* sometimes a cleavage corresponding to the 
position of the planes M, M', in Crystals belonging to 
this form, in which case those planes are determined 
from the cleavage. But occasionally the only apparent 
cleavages arc parallel to for h, in which case the planes, 
which are to be regarded as M M' t must be inferred 
from some analogy to other Crystals. 


OGRAP H Y. 

(111.) The oblique, rhombic prism will he distin- Of the 
guishable from the right rhombic even when the incli* Applicant, 
nation of 1* cm M is* very nearly 90°, by the want of 
corrcspondig planes on the front and hack of the Crystal 
in the Modifications a or r, b % or d, and /or g, as may - ^ > 

be seen by comparing those respectively with Modifica- 
tions b , and c of the right rhombic prism. 

The distinction between the secondary forms of this 
prism and of the rhomboid have been already pointed . 
out in the Tables of Modifications. 

The primary planes of this class of prisms are to be. 
determined either by cleavage or from its secondary 
planes. The varieties of cleavage that occasionally 
present themselves inny he seen by referring to the 
different minerals whose Crystals assume this form. 

(115.) The doubly oblique prism will be found the 
most difficult of all the primary forms to determine 
from its secondary Crystals. It is distinguishable from 
till other forms jvhen its Crystals are single, by the 
absence of symmetrical planes analogous to tlioM! of 
other prisrqs ; but it very frequently occurs in hemi trope 
or twin Crystals, which must resemble some of t lie 
forms of the oblique rhombic prism, and can then be 
distinguished only by some reentering angle or other 
character on the surface of the Crystal. The best guide 
to a knowledge of these forms is an attentive examination 
of the Crystals of axinite for simple figures, and clcase- 
landite for hemitrope forms. 

(116.) The rhomboid will generally be readily dis- 
tinguished from all other forms by its three or six-' ided 
pyramidal terminations, and by the three, or six, nr nine, 
or twelve-sided prisms which are derived from it. An 
examination of the Crystals of carbonate of lime and of 
oligistc iron will afford abundant examples of secondary 
forms belonging to this figure. 

It will be seen by the Tables of Modifications of the 
rhomboid, that any mineral may present numerous 
secondary rhomboids as well as the primary, either of 
which might be assigned as t lie fundamental foim of 
the whole. Rut it is usual to regard that particular 
rhomboid as the primary, which is indicated by the 
cleavage planes. 

(117.) The manner of holding a Crystal for examina- 
tion requires some attention on the part of the observer, 
whose first object should be to discover two or more 
symmetrical planes, and to hold these either vertically 
or horizontally as they appear to be either lateral or 
terminal planes corresponding with some of the figures 
in the tables. The. Crystal may then be attached to a 
piece of wax-taper in a position corresponding to the 
apparent symmetry of its planes, and be more minutely 
examined. 

(1 18.) A circumstance which has not yet been alluded 
to, hut which is by no means of uncommon occurrence, 
a very disproportionate extension of particular planes, 
will frequently increase the difficulty of reading a Crys- 
tal. A very reitiarkabie instance of this character pre- 
vails in copper pyrites, and has been the occasion of the 
crfoueoiis opinions entertained until lately, respecting 
the primary form of that substance. 

Tn ail the works on Mineralogy, prior to that of 
Professor Mohs, its primary form is stated to be a regu- 
lar tetrahedron. Mohs, however, discovered that the 
Crystal was au octahedron with a square base. The 
two following figures represent Crystals containing equal 
numbers of similar planes ; fig. 123 having these planes 
regularly placed on the octahedrou, and fig, 124 repre- 
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Crystal- senting the Crystal as it frequently occurs in nature, 
K)graj)hy. w ith sonic of its planes considerably enlarged. The 
1 same letters arc placed on the corresponding planes of 
each, which are in parallel positions on both figures. 

When Crystals of this irregular character occur, it is 
only by cleavage and by using the goniometer that their 
true forms can be accurately determined. 

Having ascertained by examination and comparison 
with the tables the class of primary forms to which any 
given Crystal belongs, the angles of its primary and 
secondary planes must be measured in order to deter- 
mine the species of the mineral. 

(1 19.) When a Crystal, whose primary and secondary 
forms are known, is to be described by the assistance of 
the preceding tables, the primary form is first to be set 
down, and its Modifications denoted by the letters 
under which they are arranged in the Tables. 

Jlut as each Modification, except those which consist 
of tangent planes, comprehends an unlimited number of 
separate planes, differing from each other in the angles 
at which they incline on the primary, it becomes neces- 
sary to add to the tabular letter which expresses the 
Modification, the angles at which the observed planes 
incline on the ad jacent primary ones. 

It has been already seen that Mod. b of the square 
prism, represents an indefinite number of planes vary- 
ing in their respective inclinations oil P, M, and M'. 
Let a given square prism be modified by planes corre- 
sponding to 6, and let the inclination of one of the 
planes on P, M, and M' be denoted by x, y, and 2 , these 
letters signifying any number of degrees and minutes. 

A Crystal containing the primary planes of the square 
prism, and a set of planes belonging to 6 might then be 
thus described : 

(6, P =* 

Square prism 6<6,M = y 
U,M'= 2. 

The character of the plane being thus established, it 
may afterwards, in order to avoid the repetition of the 
measurements, be described as 61. 

Let us now suppose on another Crystal, another set of 
planes of the same Modification, inclining on P, M, and 
M\ at the angles x\ y\ and z\ and a third set inclining 
on P, M, and M' t at the angles x'\ y'\ and z u ; these 
planes may be described as h2 and 63 : 

(62, P = .i/ 

62<62,M = y f 

I 62 ,>r= 2' 

(63, P = a:" 

63< 63, M = y" 

[63,M'= 

It will be convenient to call that plane No. 1, which 
inclines at the most obtuse angle on the primary plane 
to which it is referred ; that No. 2, which is next in its 
inclination; and so to denote the series in the order of 
their respective inclinations on the same primary plane. 

This method of description may be applied, whether 
the three planes have occurred on the same or on differ- 
ent Crystals. 

The inclination of the modifying plane on two of the 
primary planes, is generally sufficient, when a solid 
angle is modified, for determining the law of decrement ; 
but the third inclination serves as a check upon the 
accuracy of the other two. 

If the lateral edge of any prism whose angles are 
known, be modified by one or more planes, it will be 
sufficient to give the inclinatiou of each on either of tho 


lateral primary planes, from which the inclination on the Of the 
other may be readily deduced. SjinluiU 

This method of description may be extended to silt tm l‘ ll, )^ ! - 
classes of primary forms; and will convey an accurate 
description of the planes to which it refers. 

Crystals may frequently present themselves whose 
primary forms are unknown to the observer, and whose 
secondary planes do not enable him to determine them; 
in which case drawings of the Crystals should he given, 
accompanied by the measured angles of the several 
planes. And it may he remarked that the most valuable 
information a Mineralogist can receive relative to C rys- 
tals, is accurate measurements of their angles, accom- 
panied by figures of the measured Crystals. 

The laws of decrement are required for drawing these 
figures with accuracy; but the figmes drawn by the late 
Mr. Phillips merely from the Crystals themselves, prove 
that a sufficiently precise idea of the forms of Cnstals 
may he conveyed independently of the laws of decrement, 
to identify any crystallized mineral from the given figures 
and measurements. 

(120.) Jt has been seen, that the Modifications on the 
angles of some of the primary forms comprise planes 
which are produced by different kinds of decrement, 
some of which are distinguished by the character — , or 

or /t added to the letter denoting the Modification. 

And it may possibly appear to some of our readers, that 
different Modifications ought to have been established 
for these different planes. This would, however, have 
rendered the Tables less generally applicable to the de- 
scription of secondary forms, independently of the theory 
of decrements, than they are at present, which will be 
obvious on referring to Mod . a, 6, c, or <J, of the doubly 
oblique prism. All that can he known of any individual 
plane belonging to either of these, independently of cal- 
culation, is, that it belongs to such a Modification, ami 
inclines on two of the adjacent primary planes at parti- 
cular angles ; and this furnishes an accurate record of 
the particular plane. 

But if Mod. a had been divided into four classes, it 
could not be known, without previous calculation, to 
which of those an observed plane ought to be referred ; 
and the measurement of the Crystal would not in such 
case afford a sufficient description of the secondary form. 

It will, be convenient while measuring Crystals to 
recollect that the sum of the angles at which any plane, 
whose edges are parallel, inclines on the two planes it 
intersects, is always equal to the mutual inclination of 
those planes, increased by ISO 0 . Thus if M on T of 
the doubly oblique prism measure 117°, and M on i 
measure 1 10° i on T will measure 117° -f- 18U°— lip°. 


PART II. 

Of the Symbols employed to represent the Lam o f De- 
crement by which the Secondary Planes of Crystals 
may be produced. 

(121.) It has been shown that the molecules in the 
edges of the defect of any primary form occasioned by 
any law of decrement, are respectively proportional to 
the numbers by which such law may be expressed. These 
numbers may be denoted by the letters p t r/, r ; p and q 
referring to the terminal edges, and r to the lateral edges. 

When, a terminal edge is modified, the ratio of p to r 
will express the law ‘of the modifying plane. When a 
lateral edge is replaced by a plane, its law will he ex- 
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pressed by—. When a plane resulting from a simple 
decrement replaces an angle* and intersects the terminal 

plane parallel to a diagonal, it will be denoted by — ; 

■r 

q being in this case equal lojt), aud therefore unnecessary 
to be introduced into the expression of the law; if the 
modifying plane iutersects a lateral plane parallel to a 
diagonal, q and r must be equal, und the Jaw may be 
j) 

denoted by which will also distinguish this from the 
preceding class of planes. 

( 122 .) In the Tables of Modifications certain letters 
are placed on the figures of the primary forms, to denote 
their edges, angles, and planes. 

The order of these letters, A E F O, B C D \\ C. H, 
is that of the alphabet, arranged from left to right, ac- 
cording to the ordinary method of writing. 

The planes which are pamllel to those exhibited in 
the several primary forms; may be denoted by prefixing 
the symbol of parallelism || to the letters on those planes, 

•sHPJM.IIT. 

(I '£3.) In describing a secondary Crystal, whose pri- 
mary form is known, and upon whose similar edges or 
angles any number of new planes have been produced, 
it is sufficient, generally, to express the law of a single 
plane of each set. For the change of figure which any 
primary form Inis undergone would thus be indicated. 
And in drawing the Crystal corresponding planes would 
be placed upon all its similar edges or angles. 

It sometimes however, occurs that all the similar 
edges or angles of Crystals are not similarly modified, 
ami it will therefore be necessary in these cases to indi- 
cate the absence of the modifying plane from some edge 
or angle, where, according to the law of symmetry, it 
ought to appear. 

Distinct kinds of symbols arc also required to distin- 
guish simple from intermediary decrements. 

The following examples of the forms and application 
of symbols to denote the Modifications of a doubly 
oblique prism will include both these classes, and will 
sufficiently explain the method of using them, 

(1:24.) The Crystal to be described is first supposed 
to be held with the plane marked P, horizontal, and 
with that edge or angle nearest to the eye, on which the 
decrement to be described has taken place. 

!Let the Crystal be modified by a plane belonging to 
the scries comprehended, under Mod. a . 

These planes may incline more or less on cither of 
the adjacent primary planes, and may result either from 
sizfiplc or intermediary decrements. 

If the modifying plane intersects the terminal plane 
parallel to its diagoual, and is occasioned by a decre- 
ment of one row of molecuies, its symbol is O, and may 

be read, one over O. If the decrement consist of two 

2 

rows in breadth, the symbol is O, and if by three rows in 

r ’ a 

breadth and two in height, it is O ; and 30 of any other 
decrement in that direction. 

If any plane a intersects the plane M parallel to its 
diagonal, and is produced by a decrement by v rows of 
molecules, v representing any whole, number or fraction, 
it is to be denoted by ,(), and be read, v on the left of O. 

If it intersects the plane T. parallel to its diagonal, it 
is to be denoted by O v , and be read* v on the right of O. 


If the plane has been produced by an intermediary 
decrement, consisting of two molecules in the direction 
of the edge 11, three in the direction of -D. and four in 
the direction of F, its symbol i.s(L)3. 11 2 t F 4,) and 
may he read, 3 on the edge 11, 2 on ii, 4 011 F. 

If similar Modifications lake place at the angle A, that 
angle is imagined to he nearest to the eye , and the new 
planes are to be described in the same manner as those 
at the angle O. 

If two or more planes modify the same solid angle, 
the symbols representing them are to be placed immedi- 
ately following each other. Thus, if the three planes at 
the angle O should occur on the same Crystal, its change 

of figure would be thus represented O, O,,. 

If three intermediary decrements* should occur on the 
same solid angle, their symbols would also be placed 
following each other, thus, 

(D 3,*H 2, F4,) (1)4, 1I3.FG,) (D4, III, F3.) 
(125.) To denote a decrement on a terminal edge of 
a doubly oblique prism, the prism is again supposed to 
be placed or held with that edge nearest to the eye, the 
• plane P continuing horizontal. 

If a terminal edge F be replaced by a plane resulting 

from a decrement by v rows of molecules, it would be 
* 

denoted by F, and be read as before, t> over F. 

If two dissimilar planes occur on the same terminal 

ll l/ 

edge, the symbol is repeated thus F, F, which expresses 
the coexistence of the two planes on the same edge. 

If the lateral edge fr or JI be modified, the plane M 
is supposed to be horizontal with the modified edge 
nearest to the eye, and the decrement is then expressed 

V IP 

by the symbol G or If. 

All the symbols of simple decrements are thus similar 
in their form, and distinct from those which represent 
intermediary decrements. 

( 1 2fi.) The secondary forms of Crystals may be sepa- 
rated into two principal groups: 

1. Those which are strictly symmetrical, as Mod . a , 
6 , c\ d, e 9 or f of the cube. 

2. Those in which the same Modification does not 
occur 011 all the similar edges or angles, and which 
may be subdivided into two classes : 

a. Those in which each edge or angle is replaced 
by only half the number of planes which the law 
of symmetry requires. 

b. Those in which only the alternate edges or 
angles are modified. 

To represent the secondary forms belonging to (he 
first of these groups, it will be sufficient to indicate the 
character of u single plane belonging to any set of similar 
planes. 

The secondary form of the cube produced by Mod. b 9 

V 

fig, 58, or c, fig. 59, may be denoted generally by A. 
Th? symbol representing a particular plane of Mod. c 

h 

might be A : and if these symbols, be unaccompanied by 
any other character, they imply that the solid angles are 
similarly modified. 

An intermediary decrement producing any plane 
of Mod. d may be denoted by the general symbol 
B",). 

The planes of Mod. e are denoted by B, and those of 
/by B. 


Of the 
Symbols 
cmplojcd. 
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'fjirtnU It may here be remarked that planes upon the angles 
>:/raphy. of any primary form which in the Tables of Mwhfica- 
tions are said to rest upon the primary planes, arc pro- 
duced by decrements, in which the number of molecules 
in breadth exceeds the number in height; while in 
those which rest upon the edges, the number in height 
exceeds the number in breadth. The numbers or frac- 
tions expressing the first of these sets will l\e always 
greater than unity, as 53,3, 4, ij, &c. ; and those of 
the latter always less than unity, as &c . ; and 

the planes in this latter case are carried, as it were, over 
the solid angle. 

(147.) Where an angle or edge of the cube is modi- 
fied hy only half the number of planes d or /, which 
the law of symmetry requires, the Crystal may be 
denoted by (0), (B, r r ), or (B„ B', B ",), (0) 
according as the plane d or d ,f is deficient, the -cipher 0 
signifying the absence of one of these modifying planes; 
or, where only one of the pair of planes ^occurs on an 

edge of the cube, by II, and if the position of tire modi- 
0 

fyiug plane be reversed on the alternate edges, by 

* 0 

B, B. 

I) V 

(1;3S.) If only the alternate angles are modified by 

I 0 

the plane the symbol would be A, A'. 

v 0 

If by the planes b or r t the sy minds might be A, A, 

or A. A' according to the positions of the modified and 
unmodified angles in the figure t>3 whose symbol is 

rt 1 

A A'. 

When MmL d occurs on the alternate angles its 
symbol might be A (B r B* f B" r ), A' (0) or A (0), 
A'(B jt B' t H" r ). But it will be coincident in many 
cases of defective Modifications to represent the Crystals 
by figures, in order to avoid the complicated character 
which the symbols might assume. 

(149.) It will be convenient when the secondary 
limns of Crystals are described by means of these sym- 
bols, to observe some certain order in their arrangement 
iuto what may be termed the theoretical image of the 
Crystal ; although the particular order in which they arc 
placed is a matter of indifference. 

The primary planes may ho placed first, and then- the 
different Modifications in the order in which they are 
gi\en in the Tables, and denoted by the same letters. 

Thus if a right rhombic prism should be modified by 
planes belonging to a, c, t\ h % and g, and also retain 
portions of the primary planes, the representative symbol 
I *’ i t i 

might be this, P, M, A, E, B, H, G. 

a c c g h 

.Here the laws of decrement producing the secondary 
planes are represented by the upper series of symbols, 
and the lower series consists of the letters on the corre- 
sponding modifying planes in the figure of the Crystal. 

The relations of these symbols to the several Modi- 
fications will be seen in the following Table. 

(130.) It may not be useless to remark, that the 
indices employed in this' Treatise to represent planes 
produced by intermediary decrements, are always 
whole numbers ; whereas the symbols used by Hauy to 
represent similar planes, frequently contain fractional 
indices. 

There is not, however, any real difference in llic cha- 


racter of the plane so denoted, by the two methods of Table of 
representing it. symbol* 

A particular plane modifying the angle O of tho cenesiwi#!- 
doubly oblique prism would he expressed by Hauy as J{ ,e 

(D2.&P3), and would be understood to imply that tmi.s i»r\h a 
the compound molecules abstracted in the production of l’; 1 
the new pluue,' consisted of smaller compound ones, J < * ,n,s '* 
each being three molecules in height, and two in 
breadth, repeated twice on the edge D, and three times 
on the edge E. 

It will hence be readily perceived, that if in Hatty's 
symbol wo substitute for the. teller denoting the ant'fe 
on which the decrement is conceived to take place, Hurt 
which denotes the edge upon which that angle may he 
said to rest, and place the 'denominator of his fraction 
after it as its proper index; and if we multiply at the 
same lime his other indices by the numerator of his 
fraction, the new symbol will be similar in character to 
those which are contained in this Treatise. 

This method of converting the form of the one symbol 
into that of the other, may be considered general, and 
by reversing the process, the symbols given in these 
pages may be converted into the Ibmi of those which he 
lias used. 


Table of Symbols corresponding to the several Modifi- 
cations of the Primary Forms . 

» 

(131.) It is evident from wluit has preceded, that A 
and Ai must represent the same plane, because a decre- 
ment by one row produces u plane that intersects the three 
adjacent primary planes parallel to their diagonals. But 
it is convenient to expi ess this decrement by the symbol 

X 

A. And hence in the symbol „A or A„, v must always 
be greater or less than 1. 


t’llmary Form. 

Sj mboi. 

1 

When v is 

Cube 

« 

A 

a l 


o 

>i 

< i , 


li 

1 

> 1 


V 


Square prism 

A 

any No. 


A. 

V 

>or < 1 

- 

M 

any No. 


a 

= 1 
>1 


(B.B',0.) 

V 


Right rhombic prism . 

A 

any No. 


■ A, 

u 

>or<l 


K 

any No. 


E» 

9 

>or<l 


B 

V 

any No. 


H 

V 

. >1 


G 

>1 


(B # . B', Ilr) 

i • • • 


lBj, U"y Gy) 
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Crystal- 

lography. 





1 


Primary form. 

Symbol. 

Win: it v is 

lllMl 

I’luin*. 

Oblique rhombic prism 

«> 

o 

o. 

any No. 
>or<l 

a 

b 

« 

b 


V 

A 

iiny No. 

<? 

€ 


A„ 


>or<l 

d 



V 

K 

any No. 

e 

e 


K„ 

> or < 1 

e 



vli 

> or < 1 

e 

>r 


V 

D 

any No* 

/ 

/ 


V 

11 

any No. 

9 

9 


r 

H • 


= 1 

h 

h 




> 1 

» 

« 


G 


= l 

k 

k 




> 1 

l 

l 


(D,l>' v HV) 



b 

b 




. ... 

d 

d 




— 

c 

e 

Doubly oblique prism • 

6 

o„ 

any No. 
>«r<l 

a 

a 

a 

<*/ 


*0 

>or<l 

a 

< l 


V 

A 

any No. 

h 

b 


A w 

>or<l 

b 

b t 


*A 

> or < 1 

b 

4* 

• 

n 

E 

any No. 

c 

c 


E» 

>or<l 

c 

c, 


vK 

>or<l 

c 



V 






I 

any No. 

d 

d 


Jv ‘ 

> or < 1 

d 



v l 

>or< 1 

d 

< l 


V 

D 

any No. 

j e 

e 


0 

c 


any No. 

f 

f 


B 


any No. 

9 

9 


V ' 

V 


any No. 

h 

h 


V 

II 


any No. 

« 

» 

» 

V 

G 


any No. 

k 

k 


(D,F„nj 

(Bj. I), GO 


. • • • 

a 

a 



• • « • 

h 

r 

b 

c 


(F ;| C, G'O 


• v • > 

d 

d 

ILhomboiJ 

v 

• A 


>i 






n 

b 

b 




<i 

* c 

c 


K 


= 1 

9 

9 



>or<l 

h 

h 


6 


c= 1 

9 

9 




— . 2 

e 

<? 




>2 

i 

/ 




<2 

i 

• 


B 


*= 1 

n 

n 





o 

0 


1) 


S 1 

P 

P 


(B P B',B% 


>1 

<1 

9 


) 


d 

d 


(D p iy,B% 

>1 

P — 9' 
7-r+l j 

[ / 

f 




in some 

1 * 

k 




other ra- 

f m 

m 


1 


tio. J 

1 



Calculation of the Laws of Drcrc?nent. Calculation 

J J of the 

(132.) The symbols given in the preceding Table Laws of 
express in general terms the Laws of Decrement which 1)ccri ' n,cnt - 
produce the several Modifications before described. 

To determine the law of any particular plane belong- 
ing to any Modification, the particular values of />, 7 , 
and r, or of and r, in relatiou to such plane, must be 
found. 

It has been shown (42.) that the edges of the defect 
of any primary form are, when the decrement pro- 
ducing it consists of one row of molecules, proportional 
to the corresponding primary edges, being in all other 
cases respcctixcly proportional parts of those edges. 

And the problem of determining the particular values 
of p f 7 , and r, is ill reality that of finding the propor- 
tions of the several primary edges which are cut off by 
the modifying plane, and which constitute the edges of 
the defect. 

(133.) When the primary edges are unequal, the 
terminal ones, if equal, may be expressed by ?n t and the 
lateral edges by n. When the terminal edges are un- 
equal, as in the doubly oblique prism, one of them may 
be denoted by m* and the other by o, and the lateral 
edges by n. When a decrement by one row of molecules 


V 

produces a new plane, it is evident that — will be equal 


to 




n 

When h plane is produced by any other law, the ratio 
of the edges of the defect will assume the form of 

7) ?n j) 

- — , and the Law of Decrement — , or v. is obtained if 
r n r 

the ratio of the edges of the defect be divided by the 
ratio of the corresponding primary edges. 

But the Law of Decrement may in particular cases 
be more conveniently determined Irom the ratio of an 
edge to. some other line which would be proportionally 
intercepted by the modifying plane, and which may, 
when necessary, be denoted by L 

31.) The following is a general method of dis- 
coveiiug the Law of Decrement, by which any new 
plane has been produced upon any primary form. 

To ascertain the ratio of i b to i c, fig. 125, being the 
edges of the defect produced by a decrement on an 
edge of any parallelopiped, the inclination of the pri- 
mary planes to each other being known, and also the 
inclination of the modifying plane ah c f to the pri- 
mary planes P and T, the angles of the plane triangle 
i b c are required. 

These may be obtained by means of a spherical 
triangle, whose angle A is the supplement of the inclina- 
tion of P on the plane a h cf B the inclination of P on 
T, and C the supplement of the inclination of T on 
a b cf 

From this spherical triangle the side a containing the 
required angle i b c may be deduced from the known 
formula. 


sin J a sz II ^ 


-cob £(A + B+C) . cos j (H+C- A)M 


)‘ 


and by applying the same formula to a second spherical 
triangle, whose angle 

C is similar to that of the preceding, 

B is the inclination of M on T, 

A the supplement of M on a b cf 
derived from actual measurement, or deduced from its 
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Cr\ known inclination on P. and of P on M, the side a , 
l.*_i.q»hy. which contains the other required angle i c. ft, may be 
obtained. 

Having thus determined the two plane angles, i b c, 
« c ft, the ratio of i b to in is known from t lie relation of 
the sines of the angles of triangles to the sides subtending 
those angles, thus, 

i b : i c :: sin i c b : sin i b c. 

If the new plane has resulted from a decrement on 
the edge h i, by one row of molecules, the lines i b , i r, 
must he to each other as m to n t and then 

sin i cJb : sin i b c : : m : n. 

But if the new plunc has resulted from a decrement 
by unequal numbers in breadth and in height, the ratio 
of i b to / c will be as p ?n to r //, p representing the 
number of molecules abstracted in the direction i k, 
and r the number in the direction i d ; ?uJ dividing 

this ratio by — , a Law of Decrement is given of p rows 
n 

in l tread tb, or in the direction of i l\ and q in height, or 
in the direction of the edge i d. 

(135.) The ratios of the three edges, / ft, i r, i a, .fig, 
intercepted by a dencmcnl on one of the angles of 
a parallelepiped, may he thus determined. 

The inclination of the primary planes to each other 
being known, the three plane angles at i may be de- 
duced by means of a sphcucal triangle; and having 
measured the inclination of the plane a ft eon P, M, 
and T, the plane angles nt a, ft, and c may he dis- 
covered by means ot two spherical tiianglcs, whose 
angles are those at which the primal y planes incline to 
each other, and the supplements of those nt which the 
secondary plane inclines on the adjacent primary planes. 

The plane angles nt <v, ft, ami c, being found, the 
Law of Decrement may be determined fiom the ratios 
ot i b : i c and i ft : / a. 

J At i k : i d : : m . n, 

and . ik : ih :: m : o, 

ami let i ft : i c : : pm : rv, 

i ft : i a : : p m : q o. 

. .. ... .. p ni , m p m m 

Alter dividing by **, and — by — , 

* r n J n q o J o 

we find 2 ft = p 9 

i a zn 7, 
i c = r, 

implying a decrement by p molecules in the direction of 
i /r, 7 in that of* h , and r in that of i d . 

If tig. l:2fi he a doubly oblique prism, and the edges 
i ft, i ft, i t/, be respectively denoted by D, F, H, the 
symbol of the plane, a ft c, would be (F p D f II r ). 

By this general method, when the inclinations of the 
primary planes to each other are known, and also that 
of the secondary plane on one or more of the primary, 
the Law of Decrement may be found by which any 
secondary plane hus been produced on any primary form. 

But ns it will appear in the sequel, the methods of 
determining this law become much more simple in 
reference to several of the primary forms. 

It may not be .useless again to observe, that when a 
Law of Decrement producing any plane is to be deter- 
mined, its general symbol is first to be found in the 
preceding Tables, and then the particular values of its 
indices are to be' determined. . 

VOL. VI. 


,U9 

In simple decrements these values may be deduced Calcnl.itien 
from some simple ratio, as that of radius to ’tangent, nr of ‘ ,f die 
sin a to sin ft, and the following may be regarded as the 
general process for determining the law of an inter- lt ' lWneu 1 
lnediary decrement. 

1. To measure the inclination of the secondary planes 
on two of the adjacent primaiy planes. 

2. To determine the two plane angles at the tci mi- 
nation of the greater edge of the deft! of the pri- 
mary form occasioned by the secondary plane. 

25’. From a knowledge of these plane angles, and of 
the plane angles of the primary planes, to deduce 
the i alios of the edges of the defect. 

4. To divide these ratios by the ratios of the corre- 
sponding edges of the primary form, and thus to 
deduce the Law of Decrement. 

(1 3d.) From what has preceded it will be leadilv 
perceived that the ratios of tile primary edges of Crys- 
tals may he determined, by assuming some observed 
secondary plane replacing ail edge of those forms whose 
terminal edges are equal, or icplucmg an angle of those 
whewe terminal edges are unequal, to have been pro- 
duced by some given Law of Decrement, il I >y o/r r; row 
of molecules the ratio of the piimmy edges corresponds 
to that of the edges of the deft cl occasioned by such 
plane. And if any other law be assumed, the ratios of 
tlie primary edges may evidently be determined, from 
the division of the ratios of the edges ot the defect by 
the assumed Law oi Decrement. 

(137.) In the method* about to be given of deter- 
mining llie Laws of Decrement in relation to each of 
I lie primary forms, a single reference only is given in 
each case to the fig, tires contained in the Tables of Mo- 
difications, and to one or two other explanatoiy ones. 

This has been done to avoid the confusion of pn-petual 
references to dilferent figures. And it is to be under- 
stood that whenever the inclination of two plant* is 
given, as IV/, l\ft, &c. 1he.se. letters refer to the Tab l* s tf 
Modifications ; and whenever an) lines or plane angles 
arc referred to as lino a ft, or angle a ft e, Ur se will be 
found on the explanatory figures. 

(13ft.) The inclination of the primary planes, the 
ratios of the primary edges, &c , aie termed the crystal - 
logr a pineal elements of the primary furm. t 

ft will be found particularly convenient in examining 
and describing Crystals, to determine these elements in 
the first instance for each particular subslunce. si; su to 
have them ready for computing llic Laws of Decrement 
of the modifying planes. 

Tlie formula* given for this purpose are generally 
derived iiom sphciicnl trigonometry, and arc in most 
instances so easily deduced as to render demonstration 

vi l 

unnecessary. And as the division by — or ~ is already 
effected in these, they immediately give the value to be 

p 

substituted for ~ or its equivalent v in the general 
symbol. * 

The reader will thus have before him, Tables of nil the 
groups of forms which can lcMilt from rcgnlai ( nstalr 
lization ; Tables of the Laws of Decrement expressed in 
general terms, by which the modifying planes oi these 
groups might he respectively produced; and the means 
of determining the particular law from which any indi- 
vidual plane of either of th&e groups might result. ^ 

Sonic other relations among* piimuty and secondary 
forms will also bo pointed out. 

3 o 
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TIIK CUIil'.. 

Fig 56 to t:l, ami 1:27. 
f'njs !ul!o » rayh <V 7 / LV 

(139.) Inelinaikm of ;\i\v two adjacent pianos = 90°. 
Plant- audios — 5V°, 
lodges oqual. 

Jnolinasioti of an edge to an oIjIIcjuc axis rrr 
5P -IPS". 

(mo.) n atni of half a diamond to an edge. 

I* J : f c : : 1 = /-■ 

(Ml.) Ratio of an edge to an oblique nvU, 
f <: : c g : : 1 : 

Simple Deetwh nf< 6n the An "la producing, 
plains b. and c. 


Go lien al symbol \ 

o,,.) r = 

V J tan I iso' - i\b ) 

< U3 ) - „«^L 

(1130 '"‘(1111(1 80° ~ 1 \< y 

(141.) The express*-! oh tun (180° — P,. 7 ») is used 
instead of — tan \\b to point on l 11101 1 1 clearly t ho de- 
rivation of die ejven angle ; an observation which will 
apply to Inline similar expressions of this and other 
trigonometrical lines. 

(Mo ) li is evident that h f half the diagonal g f is 
intercepted at the point k by the edge a l> of 0 secondary 
plain* resulting from a decrement by one row of mole- 
cules, nod would he intercepted, proportionally to the 
edges, by any other law, U is theivlnre used instead 
o! an editor expiessing th.e Laws of Decrement pro- 
ducing the planes h anil r. 

Decrements cm the Edu. es. 

General svmbol R. 

R 

(MG.) e = — . 

tu.id^L-P,/) 

Tularin t din nj l)t n < :?/< t U*t. 

The general symbol representing a ,daue o T Mod. d is 


0\ iv t ir,). 

(H7.) 

MU ( I hO 3 -— P,f/) 

. K.en<(lro»-lV/) 

(l l>.) cos /7 (/ = - - 

sin ( If.U — i’\d) 

Two plane angles of the detect being thus found, we 


(l l>.) cos /7 r/ 


i f : fk : : 11 : tan A i f :: p : q, 

*f • f d :: R : tan fi d :: p : r. 

(1 1/).) When any of the modifying planes, b t e, d t < r 
f, occur upon the tetrahedron, octahedron, or rhornVc 
dorlecahcdroii, their respecti\e inelhiatiuns to the plane* 
of the cube must be inferred from the angles at which 
sonic of them incline <0 each other. 

The positions of such planes upon the tetrahedron, the 
octahedron, and rhombic dodecahedron may be readily 
found from llicir relation to the Modifications which 
produce those forms. 

Thus, i\b ss 305° 15' 52"- M 

270° - V" 


IV' ~ «m- v - :»t 5 -li" h' i 

r= 270° -r\ t - 7 

l V=*35°- J//'. 

TIIK SQUARE PRISM. 

Fig. Go to 70, and 12S. 

( 'nj.ihillngraph ica l Elements 

(150.) Inclination of any two adjacent planes “ 90 3 , 
Plane angles = M 0°. 

Terminal edges equal. 

Lateral edges equal. 

(151.) Ratio of terminal to lateral edge, 
d a : a f : : m : n . ' 

(15*2.) Ratio of terminal edge to half diagonal of 
terminal plane, 

d a : a h : : : 1 . 

( 1 53.) Ratio ot half diagonal of terminal plane to late- 
ral edge, 

/ r r,) 

a b : a f : : : 11. • 

v* 

(154 ) Ratio of terminal edge to perpendicular upon 
diagonal c f 


rin- Sqiuii 
Vo 01 a . 


. 11 m 

t an a e f zz 

•m 


(m*-j ■/*“)- 


a e : aj : : m : n :: R : tan a v f 

(I 5(1 ) The ratio, m * n of the primary ’edges can be 
determined only from the inclination ot the primary to 
some secondary plane, assumed to be produced by a 
given Law of Deciement. 

If a or e be assumed to have resulted from a decre- 
ment by one row of molecules, the latio of the edge* 
ol the deli. et occasioned by either of these plains nm^l, 
ns already explained, correspond to that of the primary 
edges. If some other Law of Decrement be assumed, 
the ratio of the edges of the delict mu^l then he dnided 
by (hat Llw to obtain the ratio of the piimarv edges 

After the explanations already afforded of l lie methods 
employed tor discovering the Laws of Decrement, it 
does not appear necesvaiy in future to do more than n> 
give the general symbol of each of the Modifications, 
and the ibnnula* by which the parfieular values of_/>. o, 
and r, in each symbol, me to he deduced. 

Simple Decrements on the Angles. 

General symbols A, A„. 

/ 1 r w x 4 9/, it tj 2 

(157.) A„ v rr — - : — r. 

m . tun (ihu— R,f/) 

Thi, ^ formula expresses the ratio of the whole lateral 
edge to its defect, and also the numerical ratio of had a 
terminal diagonal to the same defect. 


(158.) A, 


f _ (m* + n 9 y R 

V n. tfin (180° ~M,A)* 

Decrements on the Edges. 


General symbols B, G 
(LM).) L, *s= — 


^nR 

m . tan ( 180°— P,cj* 
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-Bt. (i«») «. r 


K 


tan (iso" 1 - Al.t) 

If v -- | iti (157.) or (I 59.) the ratio of the primary 
edges may he immediately obtained. 




(lf.2.) 


I ntcrmcdi u ry D • -mm c/itj. 

R. cos (ISO 0 - M,6) 
cos, * a := sili — l’/i) 

Jl.«w(l«0°-P.6) 

COS 41 £ k - 


ton (i H)° — M,/)> 

Whence tf : « * : : R : ton i g a : : p : c/, 
a g : g k : : IV : tun a gk \ : p : r. 

In the elimination of Crystals it is frequently neces- 
sary to ascertain this inclination of particular planes 
which cannot, bo' measured, by means of known antics; 
or lo determine the inclinations oi planes in particular 
directions from their known angles in other directions. 
For winch purposes the following ibl mukc will be found 
icc (ul : 




(KSS.) 


bin \a\a rt = . cos A a s a 

rrt cos \usl". 

The *«Linic relations subdirt between c,c\ c/\ mid 
r.r 

The plane angle at the h-i^e of an octahedron de- 
liu'd 1 1 oni Mud. a or a being’ denoted by r may be 
thus found : 

R cot \ r>"' 

(.ok) cos ? = t 

tan £ 

( 1 G\) From the pree'din;? equations, 

R j _ r 

tan (l Sir* - IV) ““ tauTfbO' 1 — P,o) 1 

(I6(i.) Whence 

tan (180° - \\a) -= *j > . (an (180° - l\e). 

This rckitio’n obviously subsists betweeu the planes 
»■ <• 

who-o indices are A and 15, whemver v is the same in 
both. 

(167.) And if v be equal in equations 2 and 5, \vc 
Juno 

n \\ *J m 2 It (n? -f /**)* 

m.lan(ibO° — P,</) n . t.in (180° — jV3,b)’ 


(1GS.) Whence tan P,« = tan M.ft ? ‘ ? * f2 

m(?n £ + ;i w ) 

(160.) And, tan P,c rr tanW,/> 


v 


m (m* + w v )^ 

(170.) It, in equation 2, v 1, and in 5, v = — , 

r <■ 

, tK . n nR J-2 _ r R (m e + « 8 )l 

w. tan(r&0°— P,«) p ii . tan (1SU°— M,&)* 

(171.) Whence tan P,« = tan M.6 P M V .‘ 2 ' 

r in (m* + rip 

It may be remarked that a regular eight-sided pyra- 
mid the planes of which aee isosceles triangles, cannot 
be produced on the squ re prism by any regular Law of 
Decrement. . 


iiik K Kai,.:' lit. 'Vllk' | hISTiI. 

Fig. 71 to ! \ a*i,l !;;<). 

v 

Cnjitc'h gi\ 'j'iiKu! J:'» ;i?, „</>. 

(172.) Inclination of (meiral t i Kmral planes =: 90°. 

I m l i nation ol lateral plains <h < ; i < iu diiicreuf 
minerals. -The greater angle > <s denoted by 

MAR 

Toiininal piano angles coi rc^pm dm angles of 
prism. 

1 lateral plain* angles r*- 9ir. 

Terminal edges equal, 
haiciai edges equal. 

(173.) Ratio of terminal to lateral edge, 

r f\ o m ■ : m : n. 

(174.) Ratio of terminal edge to half lever diagonal 
of terminal plane, 

/■/; f,i : ll : cos A 

?n . eo« i MM’ 

: : m : - 

R 

(173.) Ratio of terminal edge to half greater diagonal 
of tcmiimd plane, 

ef : <■ a : : H : sin A M,M' 

m . sin UUt' 

: :m: "li 

(17'ti.) Ratio of liaif lesser dir go;’.ulol terminal plane 
to latcial edtre, 

......... 

(177.) Ratio of .half gionter diagonal of terti inal 
plane lo lateral cd.ge, 

..»// . sin A Yi.M'* 

n c : e m : i -- ^ : n. 

(17H.) Ratio of f g (pcipendicular on z A) to \ateud 
edge, 

. . .. in . cnsfM.Ai'-U'i' 5 ) 

fg:fl::~ - - j{ 

(179.) The angle fk l may he found fiom the equation 
tan//,- / = 

Simple Decrements on the Terminal A/irr'cs. 

v n K" 

(h ).) A, i 7 ; A . cosJMAF . tan (i t ’t)° — F,^)* 

* R* 

•(18 .) V m ; j(1 . ta „ (i b (pl i» |C ) • 

Decrements on the Edges. 

it R* 


i^KVd.t 
k’li.'inl i c 
iV.sui. 


(182.) B, v = 


m . cos(M,M f — 90'- 1 ) . tali (1 80°— IV) 
[ISO 0 -M.g) 

M,g - hl.M’)' 

mii(1S0° — M,0 


(183.) H. . = 

V ; ’ f>in(M,g - M,.M') 


(184.) G, v = sin / M j + jif jj- _ j 8 ,r)- 

r 

(185.) If, in the general foi mu la for A, wo make r~~ I» 
% in R 9 

Ti ~~ siiiiM,M ,a . uni (160° - IV/ 

which gives tlie rctiw of the primary edges; <u* it may 
3 o 2 
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CRYSTALLOGRAPHY 


Cryu*ftl- 

l^ruphy. 


be derived in a similar manner from the fonnuUc for E 

V 

or H by making r = 1, and then dividing both sides of 
the equation by n and multiplying- by m. 

Simqrte Decrements corresponding to the Symbols A„ and 
E„, Grid Intermediary Decrements. 

R .c.>s(]9U°--M,A) 

Ida (ISO’""- rjsy~' 

VJ>) 


(186.) cos b a f = 


, R.cosflM) ■ 

(198.) /« : f 6 : : sin (1S0 W ~ af) : sin 6 af \ 

n II . sin b af 

" K : siT.iihO 0 - M , > V^i> af)' 

: : p : 7 : 

(ls9.) />/ if c : : II : tan fa c 

(190.) In relation to Mod. d t 

11 . cos M.d 


(191.) 

"Whence 
(19*2.) ve 


cos u r c = — ■ . 

sm P,« 

R . cos P,d 
cos c v w S= - . AT — , 
sin M,« 


e u 1 : sin (M,M' — w v e) :• sin 1/ 1? c, 

„ 7r R . sin m r c 
: : n R : 


sin (M,M/ — u v c)* 

:: p:q: 

(193.) et» : e. if : : m R : n . tan c t? u\ 

; : ;> : r. 

If the angle /fl c or e v w , deduced from cither of the 
preceding fortnulte, be equal to the angle/ c /, or ef m, 
the plane to which it relates has for its symbol A or E, 
and the edges of the defect corresponding to e fft , or 
ef e wi, must be in the ratio of m to v, and hence the 
ratio of the third edge to cither of these determines the 
Law of Decrement. 

(194.) The following formula may be useful iti ex- 
amining Crystals: 

■ i 1*/ 11 cos i & d 7 

sm + M.M =2 R-— 

sin + e\c nf 

And it may be observed that the planes of Mod. i 
can never meet at an angle equal to M,M', unless « 
M,M' = 120 J . 

THE OBLIQUE RHOMBIC PRISM. 

Fig. 63 to 94, and 130. 

Cryst allograph ical Elnnen Is. 

(195.) Inclination of terminal to lateral planes varies 
in different minerals. 

* Inclination of (uterul planes varies in different 

minerals, and M,M' may be cither acute or 
obtuse. 

(196.) Terminal and lateral plane angles may be thus 
01 1 nd : 

t . , R.cosJM.M' 

COS i/rt <£ = - --r n -j™ • 


(197.) cos fae 


cotiyvi . cot } £ M,M / 


II 


(19S.) Ratio of terminal to lateral edge, 
f a :ftn : : m : n . 

(199.) Inclination of oblique diagonal g a to oblique 
edge a e. may be thus found : 

R.oosP.M 
cos gaez=z -- . T . 
e sin J M,M 

(200.) R atio of terminal edge to half oblique diagonal, 
af : ah : : II : cos £ fa d . 


The 

OMuji.o 
Rh'i.iiL.t* 
. l'ns 11. 


: : m : 


m . cos h fad 

11 ' 


: : sin P,M : cos J M,M' 
m . cos + M f M' 

::w;_ '7Tn ' 

(*201.) Ratio of terminal edge to half horizontal dia- 
gonal, 

a f : fh : :• ll : sin + / ad 

m . sin \ f a. d 
::m: ~ "ll 

. m{ (sin P,M )* — (cos [ \ 

hill P,M 

(202.) For (siu if ad) 1 ~R‘- (cos k fa df 
. s _ RV (cos $\r, RIO* 

(sin P,M)' ’ 

_ Il *U si “ P.M )»-(«w J 

(sin F,M)‘ ' : 

(203) : / m W ad ~ {(si nP.M )*-(cos^M,MQ^. 

^ J 11 sin l\M . 

(204.) Ratio of half oblique diagonal to lateral edge, 


ah 1 a e : : 


m . cos + fa d 
R : ' 
m . cos JM.M' 


Terminal edges equal. 
Lateral edges equal. 


sin P,M : "■ 

(205.) Ratio of half horizontal diagonal to latcru* 
edge, 

r, f , \ m. sin J fad 

fh :fm (= ao) : : ^ . n. 

,, „ „ mt (»« P,M) s ~(cos J M.M')*)? 

sm P,M 

(207.) Ratio of half horizontal diagonal to fr per- 
pendicular to r 771 , 
fh :f?n:: m . sin J fa d : n R, 
f?n : f r : : R : cos (g a e — 90°), 

, : : n R : n . cos(g a c — 90°), 

(208.) fkzfrzim . sin \fa din, cos (g a e — 90°). 

(209.) The angles f am and ftna may be thus 
found: 

Let S = their sum = f ue, 

D = their difference, 

0 = the sum of the sides contaiu- 

nvr fae or mfa 9 

d = m — w, their difference, 

, rf.tan + S 

tan A D = 

s 

£S + + D = greater angle, 

J S — J D = lessor angle, . 
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Crystal- 

lography. 


.-inf! the greater angle will be subtended by 
the greater edge of the prism. 

(210.) Ratio of a 6, perpendicular to g c/, to a c, per- 
pendicular to m «\ 
ab : ad : : cos (f a d — 90 c ) : R, 
m . cos ( fad —90°) 

R — ' 

a d : a e : : m : ?i, 

(211.) ae:ac :: R : cos (fa e — 90°), 

(2l2 .).\ab:uc ::?n.cos(/fld-90 0 ):?i.cos(/«c-90 0 ). 

When f ad is an acute angle, 

(213.) a d : a V : : R : cos (90° — fad ) 

: : R : sin/« d. 

(214.) Ilcnce ab 1 :ac: : m . sin fa dm, cos (/ a e- 90°). 


Simple Decrements on the Terminal Angles. 


(215.) (), 
(2 l(i.) A. 


(217.) L], 


n R . sin (P,tf — h a e) 
m . cos ad . sin ( 1 60°- ]*,«)' 
? t 11 .sin (l\r' + // a c — 180°) 
m . cos J fa d . sin (180° — IV) 
n R . cos (g a e — 90°) 

?7i • si u jy </ • tan ( l bU° - IV)* 


Decrements on the Edges. 


and its symbol will then lx* (),, aiul the ratio of the Tho Doubly 
edges of the defect corresponding to the ti r mined edges Oblique 
of the prison will gi\e the L wx ot Decrement. Rut Ff b Vtlsnu 
do not intersect M parallel 10 a diagonal, the symbol 
of the measured plane is ( l> aJ 1)'., ll r )^ and the ratios of 
the three edges of the defect must he Inund by the ge- 
neral method already explained. 

Similar observations may be applied to the planes d 
whose symbol is either A m or (B ;| B' tf ll\). and to those 
©lanes e. whose symbol is t .E, or or (ll'.DjG,). 

A repetition of tlu* formula; for these cases is unne- 
cessary siller the explanation already given, but it may 
be convenient o have the angles of the spheiical trian- 
gles for determining the indices of those planes. 


(225) 

For d, A 

= 180° - 

• P.d 


B 

= 180° - 

P,M 


C 

= 180° - 

w 


for c, where 

its symbol 

is „E, 

(22(5.) 

A 

= 180° - 

P,‘* 


B 

=s ISO 3 - 

P.M 


C 

= 180° - 

JIM', 


where its symbol is E wl 


(227.) 

A 

— 1 80° — 

P.e 


B 

= P.M 



O 

= 180° - 

M,e; 


When MjM' > 90°, 

‘v ’ 7/1. cos (fu<l-90°). bin (hs0 o ~P f /)’ 


( 


. J’ _ n . cos (fa e - 9()°) . sin (IV+ P.M - 1 80°) 
>V ~~ 777 . cos (fa d — 90°) . sin (1S0° — P.g)’ 


When M,A1' < 90°, 

n . cos (ft a e — 90') .sin ( P \f — P,M ) 

m . sin fa d . sin ( 1 b(J°— l\/) 

_ n .cos (fa c- 9t)°) .sin (P,g4 l\M - I H0 r: ) 

, m . sin fa d . sin ( 1 80° — V \gj 
It M,M f > or < 90°, 

sin (MV - M.M') 
sin (180° - MV) * 

.. sin (M,I -)- M,M' — ISO’) 

(223 )G ’ V= = sin (IS0° — M,/) ' 

It is evident that if v = 1 in any of the preceding for- 
mula; except the two last, the ratio of m to n may lie 
immediately obtained. 


(220.) D,u 

( 22 J.)B,v 
It } 

(222.) If y = 


Simple Decrements upon the Lateral Angles, and Inter- 
mediary Decrements . 

(224.) Let the defect occasioned by a given plane be 
regarded as a spherical triangle, the angles of which are 
A = 180° - P,6 
B = P,M 
C = 1 80° — M,6. 

The side c may be obtained from the formula 

-eos£ ( A-m+ C ).coa&(A + B- C\* 
sin A .sin B / 9 

and the side a from another corresponding to it. 

If the side a be equal to the angle a f e its intersection 
with M will be parallel to a diagonal f e of that plane, 


sin A 


ic = n( 


and cither of these tw o latter sets of angles may he u«cd 
where the symbol is (B' f , D y (j r ). 

TIIE DOURLY OHMQt'E l’KISM. 

Fig. 5)5 to lu5, and tig. 131. 

Crystal tographical V.lenu nts % 

(228.) Inclination of terminal to lateral planes is dif- 
ferent in different minerals, and P,M dillcis 
also from P,T. 

Inclination of lateral planes M,T varies in 
different minerals. 

In the figure, and in the following remarks, 
P,M, P,T, M/P are all supposed greater 
than 9U°, and the edges D, F, and II an: 
const quently obtuse edges. 

Terminal aud lateral plane angles may V 
obtained from a spherical triangle of which 
the angles are 
(229.) A = P,M 

B = P/P 
C = M,T; 

and of which the sides are 
«=ca/ 

6=6 af 
c = 6 a c. 

Terminal edges B and C unequal, B and F 
equal, C aud D equal. 

Lateral edges equal. 

(230.) Ratio of terminal edge D to lateral edge, 
a b : af : : m : 7 1. 

(231.) Ratio of terminal edge V to lateral edge, 
a c : af : : 0 : 71; 
whence D : F : : in : 0 . 

To obtain the ratios of m : n and of o:n t let 



(' ii v S T A r. L O G R A P II Y. 


b <\ < fl h f\ be the edge*. :i i a whose 
s; m!-»! i. O. 

(^•>2.) A -phenval lrLiii',1'* whose angles arc 

- \\a 

R rrr P,T . 

V — IM) 5 - Y,a, 
w ill give the ? ',<K* <■ . r a r b 

1 / “ a c /*; 

whcius* as // a i" suit l r* 7 /* air known, the 
angles r /< a mid <■ / ‘a a:-* known, and lienee 
the t tilin'- ol the edg v *'- m-iv hr fu.md. 

(233.) f l ' I ; c- plci*.* ' a h f :md r / fit nr-y also be 

deduced tram another i-phcrienl ‘dangle whn-e 
angles srv 

A ISO — J> 

R - 1\M 
. - iSO - ' 

(.-.'31 ) I’-din < f // j i »T»cr<iicii1 u* on h d to a !, per- 
pendinil. 1 r on / «■, 

A // : fl /» : wi"(b (t r-90‘ J ) : \{, 

( >:].».) : : ;// . o (n a * - V\) J ) : in f{. 

:i.id a f ■ a f :: < n ) l . /i.Oohfe 90") t 

! sit rt h : (i f : : ' t:i * n. 

(2,'(j. ) n h \ a l ■ : a .i‘hm'/, 7' e-90 n ) : /» . eo*-(/ , <7 /*- 9(> n ;. 

Jn the same mann-T it limy hr »lw>wn that 

(23f.) it i : it it ::n . in . (', f/r-'hP) : // . cvs(/i a y-ihr). 

(23S.) t,: •( , " r : : a . c :o .n;s ('V./’-^lP). 

Dccrnnrnl^ on lit c *, 

T#y sv iiKlhod analogous to that used for determining 
the. ratio- of the \ run.u y edp.es, tin* ratios ot the edjie‘3 
of the delect occasioned by any Law of l>envinenL on an 
illicit* now he ohiahird; ;n*id these being divided hy the 
ratiosofihe primal y ed»es will ipv <’ the Law of Decrement. 
If an edge of any plain' belonging to Mod. n ov b, or c, 
or d, he pai.dh'l In a diagonal id a primary id..;ie it will 
result from a simple decrement, and its .symbol will be 

li * V t» V 

v .\. A, or A m , „K, Ij or V'» W} f l, \ or T,., v <), Oor (>,, accord- 
iiu;- to the Mtmtlimi oi the j»rnnaiy j»lane to whose dia- 
gonal its edge is pandk-I. 


Dt rn'wrni't <>n Ihr. tidies. 


f.h-fh) R, ? — 


71 . cos (c (if- t>0 sin (Ihl; -!- P.T— 
Vi . i\r,(/>,t v - *R- ') . sin ( l.M) 




(■JlDD.r 
(3242.) V v 
(2I3.)<;,v 


(241.) IF,?' 


n . cn-f/i a J’-Ui) ) . siu(P./’{- PA1 - |SI»°) 
o . cos ( h n r - ?>t> ’) . sin ( I b0° — i\f) 
n . eo- ( h af — OtP) .sin (\\c - P.M) 
o . ens (ft a r — lit)') . s in ( I S0° — L\e)' 
n . cos (raf - DO 1 ) . sin ( \\h - l\T) 
tn* cox [bar — 90°). mii (iKti 0 — P,//)* 
o . cos (r (if— 1)0°) . mu (1S0*-T.^) 
tn . cos (jya . sin ( lht)°— 

»i . eos (/> a /'— 90°) . sin (1 S0°- Al,<) 

: o. cos(^/-V)«V) • 


The ratio of m : it and m:a rnay he immediately 
’ obtained from either of these equations when v = 1. 


Till: RlKAUloirh 

Tig. ltvG to 122, and 132 to 137. 
t 'rysialh*^ ra phi cal KlcinenU. 


(2th) Inclineiion of planes at the terminal edg.‘ 
diileis in ddlcrcnt mineuds, and is denuh il 
by l\ V' 

P , \ vt 1K0° — P,T W . 

(24G.) Plane angle b d a may be found from the 
equation 

. . , 11 .co . GO 2 

cos 1 «-«!«-■=: 

whence d ttf^i ls() J — b da is known. 

Kdpcs ci pin). 

(247.) Inclination of terminal edge to axis may be 


Hi us found : 
ros v d a ~ 


col G0°.col \ |\P' 

n ' 


(2tS.) Inclination of oblique diagonal to axis may be 
obtained lioi.t the equation 

U .cos IM 1 ' 


cos c d n 


sin (i 1 ) 1 ’ 


(2 19.) 


whence edn — c rl n q- c d jt is known, 

.and d ft i-~ lMf 1 — c d c. 

Hut rdc may be found directly from tli. 
eipnition 


o'j ^ c (/ 


n .cos p,p 

Mil A 1M ,# ‘ 


(2h0.) Ratio of edge to half oblique diagonal, 


db :d c : : 11 : cos l b d fl. 


cos fjO 

’ sin” < rr‘ 

(251.) Ratio of edge to half horizontal diagonal, 
d b . b t* : :.fi : sin ,!• b d fl. 


^ \ (sin '. P P ) ' — (cos titV')' ; - 1 

for (sill A bd ft) =z R * — (u) 1 , 7. b d a) 1 

(m ii ; p.p y 

_ R ,J I (sin l P,l v )“ - (eos (hi 0 )-} 

~ (sinp’l^ 

(252.) Ratio of edge to ouc-third of axis, 
d b : dn : : R : cos h d n 

cot GO . cot J PjJ* 

” 1 : R- ’ 

Axis =s 3 d n : 

for the edges being equal, and the terminal 
angles equal, the plane a h c i« perpendicular 
to th * ixis ; therefore e v c is also perpend i- 
cuhirto it. 

Let fo be parallel c ?i 9 and because d e = rj\ 
.<f n = 77 o, but e ;i =/o, whence o / d //, 
and d ii -f- w o -J- o i = 3 d /?, 
and c n =. 2 c n . 
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TrystaU 
It * -jt iphy. 


Simple Decrements on the Audits 


(■253.) A, 
(254.) 
(255.) O, 


_ sill 4 l\P\ sin (P.6 - ale) 
cos f»0° . bin (ISO 5 - P,6) 

sinJPjP 1 . sin (P.c* — e rtc) 

cos 60 5 . sia ( ISU° — IV) 
_ sin l\V’ , sin (IV - dfi) 
V cos (>(P . sin (ItiU* — iv'} 


Ami similar expressions iu which P,g, or P,/, or Pd 
are respectively substituted* for P,e, will give tl\c laws 
producing the planes g, ?, and /. 

(250.) When the Rhomboid is acute. 


^ sin c f d a . R 

V sin l ~a d b. tun ( 1 80“ - l\h) ’ 

For let a line passing through i a be produced to /, 
and let d l be perpendicular to l u, and fm,bm re- 
spectively parallel to a l, ell ; 

< J b : hf : : sin J a d b : R t 


h m : 6/ : : cos (90° — cf da): R , 


: : sin d d a : T{, 


. // b : bm : : sin A a d b : sin eS d a. 

(257.) When the Rhomboid is obhm\ 

e! b : h m : : sin a d h : cos (<*' d a — 90°), 

^ R . ro*» (e* da — 90°), 
nn( 1 sin J a d h . tali ( l*,/i) 

It is manifest that the planes icplaciug the angle at 
K are similar lo those at () but in an inverted position, 
and that the Laws of Decrement producing* any of the 
planes of Mod. c, f \ g, h, i, l\ /. w, might with equal 
propriety be referred either to 10 or (\ It will, however, 
be convenient, to rei**r the planes of Mod. ft to the 
angle 10, and nil the others to the single O. 


Decrements on. the V.dgcs. 

(258.) The Laws of Decrement on the tonniuaredgei 
may bo found us billowy : 

sin (I\o - l\V f ) 

It ?7 ‘‘ - - - •* 

' ,ill(lMf J - P,«) 

(259.) Those on the 'literal edges may be. thus known : 

sin (P,r/ — P,P") 

^ ° siu(18(P— P,y) 


(2Gtl ) The indices p % q t r r.f the planes /' are louml The Rhom- 
to Lie in tin.- billowing constant ratio to each Other : boi‘1. 

■ <1 

- r + 1, 
r > 1 ; 

. • . if r -=. 2, q :cr 3, and p -- <j. 

This arises from (he condition that the intersection of 
f and f is parallel to' the axis of the Rhomboid ; and the 
ratio may be easily c.btained by coiisidei mg the planes 
P, I w , V' as coordinate planes, ami finding tin; equa- 
tions of the traces of the plane c and one of the planes 
f oil the piano P". 

From these equations, r being supposed the same in 
both, the values of p and q are known. 

The following formula? will he found useful in the . 
examination of Crystals belonging to this form. 


IV being given, to Jind P,!^ and conversely. 

_ . , cos 30°. sin IV 

(261.) cosiP.P' = - — 

f )rn n .ll.cosjP , 1 " 

(202.) sin IV = — " . 

, cos 3d 

n,n f In ini' given, to find P,P ; und'conmsvty. 

If .ms .V n. ti 1 
cos (jlP * 
coin i\p' . eo.'. Ho 1 
R 


(263.) cot 5 1M V =-- 

(2W.) 


cos .» nji 


For c d n is the inclination of the oblique diagonal on 
the axis of the Rhomboid wliusq plants arc n, n\ n \ 
&c. 


cos o d n 


R . cos * n,n' 
sin (»t)° 


and by equating this value of cos e d n with that given 
by (217.), (263, ) and (20 L) are obtained 1 

(203.) \ series of Rhomboid., mole obluH* than the 
primary, of which Mod. n may be legardcd as the fust 
n.i ui her, might he produced by the successive trimcn- 
tio;: of the (ermiiial edges of the denied Rhomboids. 
.Mid another seiies more acute than the primary, of 
which Mod. g may be regarded as tin* iiist member, 
might also be piodncod by planes ou the angles c l each 
tiuecc.ssive Rliomlv.itl, which should intersect the planes 
Pin parallel linc^ 

The relations of any member of i if her of thi'se ti> 
the primary may be found as follows. 


hi term ed iu ry Derr cm cn Is. 

When those alfect the terminal -angles, they produce 
Ihe planes of Mod. d. And when they modify the lateral 
angles, they produce (lie planes f, Ic , and m. 

The angles of the spherical triangle required to de- 
lei mine the laws of intermediary decrement > on the ter- 
minal solid angles, arc 

A = IfiU 0 « P,r/ f 
B = P,P', 

C = 180° - IV; 

and those required for the decrements on the lateral 
solid angles, arc 

A = 180° — P on^/J nr k, or m, 

B a P ,P" 

C = 180° — P" oh f r or k, or m . 


Qbtu*e Set ns. 

Let P denote the primary Rhomboid, 

1, the 1st derived, eoncspondiiig to Mod. n. 

2. tin* 2d iferived, 
m, the m tu derived, 

\>y . the ineliiiation of the primary planes, 

l.) P WM the corresponding angle of the ///."* derived 
Rhomboid. 

The line corresponding to c n in P, is in I == 2 e n , 

2 = .2- e n, 

7n m 2 ,,, »• n. 

Let e d n of l be denoted by e d ?/,, 

of 2 c d 7fj», 

of ///. . . c d n m ; 

d n : : c n : : 1 : tuned//, 
d n : : 2 WI e n: : 1 : tan e d n m : 
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tan edn 


♦an edn.,, 
2 m 

1 


cos edn = — - j 

{ 1 + (tan < dnY} “ 

. . , v , (sin 60°) ' - (cosVP.PT 

henn 1 (tan e <2 n) 1 = ^ 

r.ii°i* - <Vim*l\P' MI ) 9 
— !>')* * 

(206) Prom these two values of (tuner In') 9 the 
follow in'!' equation i are derived : 

fwhl .. „ . («*i (Hi.. i W’y.fl - 

v '' ‘ (sin6'J J j +(cosilM ,, ».)’.(3 s "- I)’ 

(207 .) (.-oh 1 P.I W J* = 

(cos -V l’,!’')*. (sin 60° )' 

(cos > I* |*')"} + (ocVhT P.P' j* : 


'1‘ ’“{ (sill 


I • ' * ’ / J • " ' 

, (cos^I\Pr{Nn(5<) f r-(cnsH\P' w ) y } 

C > * " 1 %!* (wn 60 °> - — (cosi-l*. !*')*> 

. _ a ; 


and 


m = 


a 

:l log :l 


Acute. Series. 

Here the 1st derived corresponds <o Mod. g, and the 
e ;i of P is in 1 s= 2" 1 c n t 
2 = 3- * C 77, 
m = 2“ M r: 7i, 

ami the preceding formulae may lie applied to this series 
hy substituting 2" 4m for 2 Sw . 

Hence, when any two of the quantities P,l v , P,P' fn , 
and ?n are known, the third may he found. 

. (269.) The Laws of Decrement which would imme- 
diately products the successive members of the nhtuse 
and acute series from the primary Crystal, may he 
n adily found from the relations of the principal sections 
of the derived Rhomboids to that of the primary. 

Of the obtuse series the symbol of the 


O G R 

A V H V. 

(2 7o.) 

It . cos \ a.c 
^“• b = ~ tan Go” ' 

' (271.) 

^ cos 00° . sin (a,d — 9b ) 

“ iV 

(*7:2.) 

sin GO 0 . sin (a.d —90°). 
cos J a." — ^ R 

(273.) 

. us \ a J> . tan 60° 

" H * 


T 

Kh:u. 

s- 


(37-l.)siii(/7 t il — 90®)=. 


R .cos a,b 


(275.) 


cos GO 
R .cos a t c 


mu 60° 

To find the Law of Decrement which given a regular 
he rag on at yyram id. 

Pyramids of this hind might result, liorn Med. d , /i, 
k, ni, or o. 

(276.) Let fig. 1 3d represent a section of one of 
these pyramids perpendicular to the avis, in which a h, 
b c correspond to two- horizontal diagonals of fig. 13:2. 

From the assumed regularity of the pyramid this 
seel ion must be a regular hexagon. Hence the angle 
afh = 1:20° = fb g =. h g r. 

From the symmetry of the figure the triangles abg 
and b of are similar, and f b is parallel to a g. Rut ag 
bisects b c\ and any planes therefore belonging to a re- 
gular hexagonal pyramid must cut the horizontal dia- 
gonals a b y b e t in t lie ratio ol 2 : I. 

Whence any plane* which shall cut the plane a 0 t\ 
fig. 135, parallel to the line a n, will produce these pjra 
mills. 

Let a i h (fig. 135) be a plaue of Mod. d , intersect- 
ing a b c in a n . 

Let t (tig. 135 and 136) represent the terminal solid 
angle of the Rhomboid, and let f b : t fi :: 1 * ?2. 

To find t i t we have in fig. 136, 
lh^2 lb 
bn = nc 
kb=ibn 
k h = lb ^ t r 
= / 7/, fig. 135; 



Y • 


. 1 o 

. * . k h : i c : : 

kn 

7/ c 

r 1 

is A or J3 

5"‘ is 

J 1 

A 


3 : 

1 ; 

o«i 

f 

is A 

O'" is 

; t 

A 

, * . t a : i i : : 
t a i th:: 

3 : 
3 : 

jjjfig'. 13y. 

Oil 

:r 

* a 


2 M *-p2( - 1 )«< 

Hence the indices of this 

plane would be (G 3 2), 

t) 

is A. 


— i)" 1 ” 1 

and the indices of the plaue 

a h f 

i f (fig. 135) would be 


; l 

?n tt ’ is 

A 

((i 4 3.) 



^jth 

is A 


(277.) We may imagine 

a series of planes passing 


1 he symbols of the acute series arc as follows: 


, t 


r* is o 

5 th is 

, • t 


2* is O 

0 th is 

i 

3* is O 


V 

fn th is 

4*** is'O 


H 

0 

1 

* i 

O 


o 


The law of each series is obvious, and the general 
terms of the 771 th easily, deduced. 

Either of the dihedral angles a y b % a y c, a y d y or a,a\ 
(fig. 133,) being iven , to fad either of the others. 


through a n to lie within two limits. The one the plane 
a b c y and the other the plane /?, (fig. 121.) 

The edge th might be siip|>osed to be lengthened 
until it becomes infinite, when the planes of Mod: o 
■would be produced. 

The point h may next be conceived to approach to- 
wards the axis, while the plane o turning on the line 
a n assumes successively the positions of Mod. h, /, 
and 777. . 

In Mod . f the edge t h becomes parallel to the axis of 
the Rhomboid, producing a prism with twelve sides. 

As the condition of producing a regular hexagonal 
pyramid is that its planes.shall cut the horizontal diago- 
nals in the ratio of 2 : 1, there might evidently be a 
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Crystal- series of such pyramids belonging* to Mod . rf, A, A, and 
Ingraphy. / ;i ; but only one can result from Mod. n, and one other 
from Mod. A. That from Mod. o must be produced by 
a decrement of two rows, and must have for its symbol 

Jj, and that from Mod . A by three rows, and must have 

for its symbol B. 

For let dog (fig. 137) represent one of the planes of 
Mod . A, we have pb : b n : : 1 : 2 , 

whence a p : pb :: ad (= db) : o b t 
:: 3 : 1. 

Hexagonal Prism. 

(278.) It may occasionally be convenient on account 
of the greater simplicity of the Laws of Decrement, to 
consider the regular hexagonal prism ns an independent 
primary form, ulthough it is derivable from the Rhomboid 
by the joint effect of Mod. a and <% or a and p . 

The Laws of Decrement may then be determined as 
follows : 

Single Planes , a % on Ike angles. 

Let the terminal plane be denoted by P, and the lateral 
planes by M. 

Let each terminal angle be denoted by A, each ter- 
minal edge by B, and each lateral edge by G. 

Let B : G : : m : m, 
and the edges of the defect will be as 

pm: 2 r n : : sin (I\« — 90°) : sin (ISO 0 — P,a). 

Two Planes , 6, on the angles. 

The law may be found by the general method before 
explained. 

Single Planes , c, on the terminal edges. 

The edges of the defect will be as 

V m “ 5 " ; r n : : sin(P >b — 90°) : sin (180° — P ,&). 

£ 

Planes , e, on the lateral edges. 

The edges of the defect will be as 

p : r : : sin (190° — M,e) : sin (M,« — 60 n ). 

(279.) Having thus shown how the laws of decrement 
may be determined when the inclination of the secondary 
plane to the primary is known, it is now proposed to 
discover that inclination from the known elements of 
the primary form, and the Law of Decrement. 

Let it be required to find the angle at which a plane 

V 

whose symbol is A inclines on a primary plane. 

1st. Suppose this plane to occur on the square prism : 

__ p nR ^2 

V r m ,tan(l80°— P,r/) # 

2 S 0 .) tan (180° — P,«) = - 

p m 

2d. If it occurs on the right rhombic prism, 

„ \ _ n R a 

V r m . cosAM,M' . tan(180°— l\a) * 

(281.) tan (180°- 1 \«) =: - 

3d. If the plane whose inclination to the primary is 

required, have for its symbol H, and the primary form 
be u right rhombic prism, 

VOL. VI. 


v ~- JL-z s j^( ,S0 _- M,g) 1 

'* sin (M,g - M,M') ; 
whence it will be found that 

( 2 S 2 .) tan = - R ‘ M " M,M '. 

p cos. W,M'-rR’ 

And in other cases of simple decrements, the dihedral 
angles which have been used to determine the laws, 
may be found by analogous methods when the laws are 
known. 

The inclinations of the primary planes to planes pro- 
duced by intermediary decrements may also be found 
from the known laws, and from the plane angles of 
some of the primary or secondary planes. 

(283.) Professor Whewell of Cambridge has, in a 
Paper inserted in the Philosophical Transactions for 
1825, given a general form to the problem of finding 
the inclination or dihedral angle of any two planes 
from their indices, and of finding the indices from the 
given angle. 

But general and elegant as the solutions given in this 
Paper are, we are induced to believe that the more direct 
methods already explained in this Treatise, will, from 
their greater simplicity, and the comparative ease with 
which they may be applied, be found inmost cases more 
serviceable to the practical Mineralogist. 

In order, however, to place before the reader the most 
comprehensive and entire view of the mathematical re- 
lations of Crystals which has yet been given, we insert 
the following brief abstract of Mr. Who well’s commu- 
nication to the Royal Society, referring the reader to the 
Paper itself for the detuils of its application to particular 
cases. 

Let a solid angle, denoted in the Tables of Modifica- 
tions by A of the cube, or square prism, or right rhombic 
prism, or rhomboid, or O of the oblique rhombic prism, 
or doubly oblique prism, be regarded as the origin of a 
system of coordinates, of which the three adjacent 
edges are the axes. 

Let the dihedral angle at the axis x a-, 

* y = P* 

. • • • * = 7» 

and the angle formed by the axis 

,r and a perpendicular on the plane y z = £, 

y z = c, 

2 • ■ * 2 / = £\ 

Then let cos a — a, cos ft = b, cos 7 = c, 

cos $ = d y cos c = e, cos f = /*, 

and let 0 be the dihedral angle of two planes whose 
equations are 

— + — + 0 ,* 

1> q r 

X V z 

y + 7 + 7 = °- 

The planes expressed by these equations are supposed 
to pass through the origin, and they may be expressed 
generally by the symbols 

• Professor Whewell bus used the letters A, A, and / to denote the 
portions of the edges intercepted by secondary planes, und has 
adopted p 9 q } and r to denote the irvij/rucu/s of those portions. 
Having, however, in this Treatise used y, q, and r to express Mr. 

WheweU’s lines A, A and /, we have substituted — f and for 

/>, q, and r in his equat ons. ^ 


The Rhom- 
boid. 
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x£$;. (P?r). (p'fl'rO; 

S the first index always referring to the axis .r, the 
second to 3 /, and the third to 2 . 

• According to the law of symmetry, the solid angle 
which is assumed &b the origin of the system of co- 
ordinates may in the cube and rhomboid be replaced by 
six planes, which would require to be denoted by six 
distinct symbols. And these would be supplied by per- 
muting the three indices, thus, (7;, 7, r) (p, r, 7) (7, r,p) 
(r, 7» p) (r, p» 7 ) ( 7 , P* r )» or d cr these symbols 
being that in which the planes they represent occur on 
the Crystal. 

When all the indices are to be permuted, they may 
be written in the symbol of each plane with conunus 
between them, thus, ( p , 7 , r). 

And every particular symbol in which the three in- 
dices are separated by commas, is known to belong to 
a general symbol, in which all those indices are subject 
to perm u tat ion. 

On the other primary forms there cannot occur more 
than two planes upon any solid angle, and in this case 
only two of the indices, as p and 7 , arc to be permuted, 
and the form of the particular symbol becomes (p, q ; /■), 
the semicolon denoting that r is not subject to permu- 
tation. The symbol of the two planes would in this case 
be (p, </ ; r) ( 7 , p ; r). 

And when, as in the doubly oblique prism, the law of 
symmetry requires only one plane on each solid angle, 
the indices are not subject to any permutation ; a condi- 
tion which is expressed by separating them by semicolons, 
thus, ( p ; 7 ; r). 

Planes which replace any angle of a Crystal may be 
referred to that which has been assumed as the origiu ot 
the coordinates ; but in this ease the angles made by a 
transferred plane with the coordinate planes will be the 
supplements of its inclinations to the primary planes 
adjacent to it, and one or more of the indices of the 
tr&usferred plune will be negative, as (p —7 — r) or 
i~p <i r )- 

Planes replacing any of the edges may also be re- 
ferred to the assumed coordinates, but one index will 
then be 0 , and one or both of the others may be posi- 
tive or negative; and the general sjmbol might be 
( p 0 r) ; observing in particular symbols to add the 
commas or semicolons as required by the law of sym- 
metry. 

The symbol of the primary plane of the 

y * is (l, o, o) 

* c ( 0 . 1 , 0 ) 

* 2 / ( 0 , 0 , 1 ). 

If all the indices of a symbol be multiplied or divided 
by any quantity, the. character of the plane denoted by 
the altered symbol will not be changed, but its new 
position will be parallel to that indicated by the original 
symbol. 

The dihedral angle, or the inclination of two planes 
whose symbols are ( p , 7, r) (/>', 7', r') has been denoted 


by 0, and we may express the angle made by (p, 7 , r) Tho Rhom- 
and (p ", 7 ", r") by O'. bold - 

The angle 0 may be found from the following cqua- V|1 
tions, observing that in the cube and the rhomboid the 
primary edges are equal ; in the square and right and 
oblique rhombic prisms the terminal edges are equal, 
but differing from the lateral ones ; and that in the 
doubly oblique prisms the three edges adjacent toO are 
unequal. 

We shall suppose the planes whose angle is required, 
to occur on each of the classes of primary forms. 

1 st. On the cube and square prism , where 
« = p = 7 = 90°, 
a = b = c t= 0 , 
and d = e zz f ; 

(284.) —cos 0 = 

_L + _L -j. 

pp <i 4 ' _ r, _ 

2d. On the right rhombic prism, 

ot = /3 = 90°, . * . a = b zz 0, 

7 = M,M', c c= cos M,M\ 

$ = c = M,M'-90°, .-.</ = e = cos 90°), 

r = 0 , = r= 1 . 

(285.) — cos Q = 

1 Id* / 1 1 \ 

— - H 7 H — 1 > — c I — — | ) 

_ PP q( t rr _ \V 7 v 7 / ^ , 

a _ lc\U 
B /7V> 


K p i+ * 


+ £. 
7 - T* 


.*£\(± + ±+* 
p qJW* 7 " r ,s 


3d. On the oblique rhombic prism, 

ot = ft = P,M, a b = cos P,M, 

7 == M,M", c = cos M,M f , 

M,M' may be > or < 90°. 

Let M,M" be > 90°, 

and $ = «• may be known from the equation 

— cos M,M" . — cos fa e 


(28b.) 


d = c = 


(2S7.) and cos f a e = 


.11 

cofc P,M . cot 4 M.M" 

_ — r , 


r = v,h - 9o°, 

• I. /= cos (PA — 90°), 

R . cos P,M 
and cosPA = — ~v ■— T . 

hu * M,M', 

Let M M' < 90°, 

(? 8 «.) and d = R = =L 

(^S 9 .) — cos 0 


t M , 1 X ■ 1 C/11\ q/l l t lN 

d 8 \ p /#' 7 7' ) j*r r' d* \p' 7 p q f ) df\ p f r'p r f 7' r ‘ 7 /•' ) 


{{ Xp* + '«0 + / r ' i ~ <?P<1 ~ dfr ( P + H )} { d* (y* + </•) + /v ~ (Cp'q'~ fl/r 1 (^' + f/)i 
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Crystal- 4lh. On the doubly oblique prism. 

lugraphy. 

* = P.M, 

a = cos I\M, 

ft S3 P.T, 

b = cos 1\T, 


7 - M.T, 

c = cos M,T ; 


i, e, and f 

may be known from the equations 


Parallel. 
Urns of 
Kdgea of 
Crystal!. 


(290.) 

(291.) 

292.) 

(293.) 

(294.) 


, — cos 6 a f . — cos M,T 

4 = a • 

- com c a f. — cos M,T 
c _ , 


f~ 


— Cos c a f' — cos P»T 


R 


sin ibafss R /-«*(P.M + P,T + lf.T) ■ cos* (P.M + M.T_- PJ-Al 
J V sin P,M . sin M.T ) ' 

ein * o a fs R (- C0! »*(P,M + iyr +M.T ) . cos \ (M,T+ P.T - P,M )\j 
J v sin M, T sin P.T “ / 


(295.) — cos 0 


(2<V5> 



1 

1 

- c ( 

1 +-L > 

0- 

"N 

1— 

* 

9 9 ‘ Prr< 

de\j 

» '<] 1 p yV 

'rf/VpV^ 

17 

J_' + 

L 

+ 1 

c 

b 

\ 

d' 

C* (f 

+/V 

2 depq 

2 dfp r ~ 

( 

' I 

4- 

1 

+ — 

c 

b 

A 



+ yv * 

2 d ep'f 

2dfp'r*~ 

ft 

= Y = 

P.F, 

a z 

= h = c = 

cos P,P' ; and 

+ 

~,+ 

1 

-aU 

- + 4? +4- +— -i 


7 7 

r r 

\v 

q ptf 

V r p r 




On the Parallelisms of the Edges of Crystals . 

(297.) The resources of Crystallography i n determin- 
ing the Laws of Decrement by which secondary planes 
arc produced, are not limited to the methods already 
explained. In certain cases those laws may be inferred 
from Parallelisms among some of the edges of combina- 
tion of the dilfcrent planes. Thus the Parallelism of 
the terminal edge of the plane d of the square prism to 
the diagonal of the terminal plane, implies a decrement 
by one row on the lateral edge of the prism. 

This is one of the most simple cases that can occur. 
Others, 'however, of a much more complicated nature may 
be determined from similar considerations. 

The following are the principal classes of Parallelisms 
that occur among the edges of Crystals. 

For the sake of generality, the doubly oblique prism, 
fig. 95, has been used in the diagrams about to be 
referred to. 

(298.) When two adjacent edges are replaced by 
single planes resulting from any Law of Decrement, and 
the solid angle between them is also replaced by a single 
phi ue produced by the same law, the plane on the angle 
is a parallelogram, as in tig. 138. 

In this figure the plane on the angle intersects the 
lateral planes parallel to their intersection by the planes 
on the edges. The indices of both must therefore be 

w « * 

similar. And the symbols D, O, .F, may be said to 
express the conditions for rendering the plane on the 
angle a parallelogram. 


When the replaced edges are similar , as they are in 
the regular forms, the plane replacing the angle becomes 
a rhomb. 

(299.) When a plane on the angle is cut in parallel 
lines by planes on the edges, the decrement in height 
of the three planes being the same, as at a % 6, r, d, fig. 
139, the decrement in breadth of the plane on the 
angle will be equal to the sum of the decrements hi 
breadth of the planes on the edges. 

If in this figure the planes on the edges are represented 
p if m 

f r 

by D, l 1 , it will be found that the condition for render- 
ing the edges of the plane on the angle parallel, is that 

its symbol should be O. 

(300.) When a plane replacing an edge is intersected 
in parallel lines by planes replacing the adjacent solid 
angles, and produced by the same Law of Decrement, os 
at a, by Cy dy Og. 140 and 141, the planes on the edge 
and the planes on the angles must intersect two of the 
primary planes in parallel lines. 

in fig. 140 the planes on the angles intercept the 
lateral planes parallel to their intersection by the plane 
on the edge. The conditional indices for which may he 
readily found from what has been before stated. When 
the angles arc similar , as in fig. 05, the symbols might 

be B, A ; B, A r ; or B, (II, I O.) ; and they will be 
analogous to these for the other primary forms. 

3 i* 2 
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Crystal* Fig. 14 i shows that the indices relatin'? to tlic tcrini- the following general expression given by Proiessor Parallel- 
lo^raphy. nal edges must be the same in the symbols of the throe Whewell in the Paper already referred to. 

*~*v**s planes. Let the plane whose indices arc (p a r t ) truncate 

(301.) When the intersection of planes on two adja- the intersection ot the planes (p, q x r x ) and (p 8 q A O* 
cent terminal edges is parallel to the intersection of one and we have 

of those with a plane on the lateral edge, as in fig. 142, \ / \ i\ 1/1 1 \ 1/1 1 

the relation of the plane on the lateral edge to those on (303,) — ( )+ — [ . ) 4 - -( ) == 0 , 

the terminal edges -will be as follows : P*\9i' r * ^a r i/ \Jh r i ] h T J r a \/ ? » l\*lv 

Let the symbol of the plane on the terminal edge ]f t , )e pla , u . s l nnd 3arc prodllceU by the sanlu ) aw , 

adjacent to the lateral truncated edge be—, and that of ^ lcl1 X>1 ~ 7a> ^ ai an< * ” r “ ’ an< ^ 


the plane truncating the. second terminal edge be the 

V 

symbol of the plane on the lateral edge will be -- n fur 


(301 .) - . 

(jh + q*)r t (A + 7 ,)r t 

If in this equation p t — q t , and r, = r„ it becomes 

„ _ jm. 

(305.) pi — ■ , . 

O'. + </.) 


a 6 will then be parallel to cd, and a c to cf i \ J 

(302.) Where an angle is replaced by a single plane an d corresponds to (302.) 
which is intersected in parallel lines by two planes on If planes 1 and 3 are on the angles, and plane 2 on 
the same angle resulting from the same law, ns in fig. the edge between them, as in fig. 140, p x is negative and 
1 13, the relation of the indices may be found as follows. ]>* = nnd 
The edge fa is the intersection of two planes c a s , Pi , p % 

m k s % on the angle c. q t rT r 9 

The plane g h s evidently coincides with the edge (30G.) ~ . 

f s t and if it be supposed to move parallel to itself until a — 3~i 

it reaches f lie position n op , it must be intersected in the 9i % 

parallel lines i t\ u x, by the planes c a s, m k n. If, as ; u (300.), q \ = q a and r x = r t> 

Let e m and c c represent p molecules. 

e a and e 1 c .... <7 (307.) ^ 


T + T 

r \ r n 


If, as ill (300.), q x = q a and r x = r t> 
(307.) ~ g ?- - — . 


* * T If plaucs 1 and 2 are on adjacent terminal edges, nnd 

To determine the law of the plane g h s we rrrpiire the 3 on a lateral edge, as in tig 142, then T| = r B , 17 , *j? t 
ratio of c A to c .<?. Hut ns « .* is assumed to represent pi = and the equation corresponds to 

r molecules, it is only necessary to determine e h in (301.) 

terms of v and q. 77 , » 

(308.) ~ = 

In fig. 14 l let r c p, c & = < 7 , q a f / 5 

2 p 7 If planes 1 and 3 are on adjacent edges, nnd 2 on 

and wc shall nave c A — ^ “• the angle between them, then p t =. a>, and <y 3 = cr, and 

For from the nature of the figure /qno 'l ! V* 1 ^ ^ n 


(308.) = - ; - 3 - 

If planes 1 and 3 are on adjacent edges, and 2 on 
the angle between them, then p x = a>,and q 3 = cr, and 


m d = d c 

and ab =5 b lc ; If ' as in ( 299 )« I'i = and r, = r a = r t , then 

and by similar triangles we have (310.) p t _ p a + j,. 

c c : k e : : p ; q :: d c: b k, Xf P= ~ 7' a"' 1 r . = r i. <!'«» 

( 311 .) iL-lSl'- 

: : d e : be; r, 

whence d/ : d / + fb (= d h) : : p : q, (312.) Mr. Levy has given the following formula? in 

\ k / ji\ _ a Paper in the Vlth volume of the Edinburgh Philoso- 

* 0 • p : p — 7 , p/f/erd Journal , p. 227, on the methed of finding the law 

and d e : d f :: p q : p — q ; of decrement of any secondary plaue t modifying any pa- 

d e : d e - d/(= /e) ::n + (i; 2 q rallclnpipcd, whenever two of the edges of that plane, 

1 ’ " 1 not bung parallel to each other, are parallel to two edges 

• 9 of tho Crystal whose relations to the primary edges are 

mm P m p +~7 known. 

. . e c . e j t Let p 5 , < 7 S , r 5 , be the unknown indices of the new 

plane, which may be called plane 5 . Let p Xf q lf r lt and 
Hence the index of the planes g li s, or nop, becomes P*. 9 *« r a* b e known indices of two planes to whose 
2 pq intersection one edge of plane 5 is parallel. And p v q Ar r Bf 

r (v - 4 - uY and P *' q ' 1,le known illdi ces of two other planes, to 

Vl.” h f . , whose intersection another edge of plane 5 is parallel. 

The preceding are, however, only particular cases of and 


!.■& + 


— == 0 . 

7*9 


: e c : e h. 
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If (he instorscction of the planes 1 and 2 be parallel 
to it diagonal of the primary (brm, (he plane 5 will he 
parallel to the same diagonal ; in this case two of the 
indices will be equal. If pi = and p 9 = q' t the 

values of — and — become equal ; and by reducing 
r » *» 

the above equations, after the necessary substitutions 
are made, the following will result : 

1 


(315.) 



%r< - v* 

W, W W 4 



Tf the intersection of the planes 1 and 2 be parallel 
to an edge of the primary form, the plane 5 will be. 
parallel to the same edge, and one of the indices will be 
infinite. If r 4 ami r, become infinite, the values of 


— _ — , become infinite also. But if equation 1 be 

•r r ' 

divided by 2, the following equation will be obtained, 
which docs not contain the indices of planes 1 and 2, 
but gives the values of and r/, in terms of the indices 
of planes 3 and 4, 

1 I 


(316.) — 2*Ji — 2i lx. 

9i __i L. 

P, r * P* r * 

The facilities afforded by the Parallelisms of Edges in 
determining the relations of Crystals will be shown by 
the following examples. 

(317.) Fig. 145 is one of the forms of what is termed 
by Mineralogists muriate of mercury, and it is also the 
crystalline form of calomel. 

The edges of c being rendered parallel by a, both 
planes must have the same index, and the respective 

i i 

symbols may be B, and A. 

(318.) Fig. 146 is the form of a Crystal of ^sulphate 
of nickel. 

In this figure the edges of the plane al produced 
by the intersection of c and c* are parallel, and those of 
e produced by the intersection of a2 and a' 2 are also 
parallel. Hence the Lawq of Decrement producing all 
these planes are known. 


i i 

For if B be the symbol of c, then A must be that of* 
a 2, and A that of al. 

(319.) Fig. 147 represents a Crystal of schcelate of 
soda, the primary form of which is a doubly oblique 
prism. 

The planes g and e evidently replace two of the ter- 
minal edges, and the plane e is intersected in parallel 
lines by g and i. If, therefore, we assume the symbol ' 

of the plane i to be H, e and g must be represented by 
B and D. 

(320.) Fig. 148 is a Crystal of oxide of tin, the 
planes of which maybe determined os follows: 

Let el be assumed to result from a decrement by 1 
row on the terminal edge of a square prism, and 

its symbol will be B. ■ 

i 

a\ must then be represented by A, and 

c2 by B. 

c3 is known from measurement to result from a de- 
crement by 5 rows in height, nnd to have for its 

J- 

symbol B. 

b may be determined from the following consider- 
ations. The edges of the plane al, parallel to 
its intersection with cl, must be parallel to the dia- 
gonals of the lateral planes. The planes b there- 
fore which cut M parallel to the intersection of 
al and cl must intersect M parallel to a diagonal, 
and the symbol of the planes b must therefore be 
of the form-A*. But as c 3 is cut in parallel lines 
by b t (300.) b must cut a terminal and lateral edge 
in the ratio of one to five, and its symbol must 
* therefore bte A 5 . It must also cut the terminal 
edges in the same ratio, and hence as 

cl is cut in parallel liiWsby 6, (fig. HI,) the symbol 

of c 1 must be G. 

a2 being cut parallel by the planes 6, (302.) must 

have its index of the form — But as it 
' ip + 7) 

has been found in the symbol representing b that 

P= * 

5 

r= 5, 

the symbol of a 2 becomes A. 

i 

d is known to have for its symbol G, and the sym- 
bol of 

e2 maybe ascertained, by a construction analogous 
to fig. 139, to be G. 

Hence all the plunes of this complicated figure may 
be determined from the measurement of cl and c3. 

(321.) Particular cases of Parallelisms will also give 
the laws of particular planes, as may be seen in a Me- 
moir by Mr. Montiero on the Law of Decrement pro- 
ducing a particular Crystal of carbonate of lime, inserted 
in No. 201 of the Journal dts Mims for September, 
1813. 

Fig. 149 represents the Crystal examined by Mr. 
Montiero. 

The planes m, m' 9 were known by the stria? on their 
surface parallel to their oblique diagonal to correspond 
with Mod . m of the rhomboid. 


Parallel- 
isms of 
Edfc-es of 
Crystals. 
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Crystal- The position of the planes m and relatively to the 
lography. edge or the primary form, being thus known, it was 
readily perceived that the plane e corresponded with 
Mod. c of the same rhomboid, and the planes q with 
some particular modification belonging to class q. 

Lift fig. 150 represent the primary rhomboid of car- 
bonate of lime. The plane m (fig. 1*191 is known to 
result from a decrement by one row on the superiur 
edges of that rhomboid. The lines i /, l in , would, 
therefore, represent the intersections of the plane m f 
with the primary planes, the points l and.m being the 
middle of the edges df and ft. 

, From the middle of the edge ds t draw hb % hf and 
the triangle b hf will represent the position on the pri- 
mary form of the plane c. (Fig. 149.) 

The planes tnf and c are thus observed to intersect, 
each other at the points c and am), consequently, the 
line c n would correspond to their edge of combination. 

This edge in fig. 149 is replaced by the plane q, and 
from the Parallelism of its Edges it* must itself be parallel 
to the edge it replaces. 

If, therefore, the line q r be drawn parallel to a b and 
passing through the point c, and the line op parallel 
to q r and passing through the point n , we shall, by 
joining oq and p r, obtain the position on the primary 
form of the plane q . 

And the ratio of q d to d o, will give the Law of Decre- 
ment by which the plane q has been produced. 

It is evident that dh^fm, 
and oh sr pm* 

But df:dh::on:oh, 

and / m :fl : : pm : p n, ' 

df :fl : : o a : pn 9 
:: oh :j)f, 

:: 2 si. 

qd : do : : 3 : 1 ; 

therefore the plane t/ is produced by a decrement of three 
nows in breadth on the plane ah df 

On the Methods of Drawing the Figures of Crystals . 

(322.) The representation of surfaces, nr solid bodies, 
upon a plane, is the object of the art of perspective. ' 

The theory upon which this art has been founded, 
supposes an imaginary transparent screen to he inter- 
posed between 'the eye of the observer and the object to 
be represented ; and it supposes also that the rays of 
light which pass from the object to the eye become, as 
it were, fixed on the screen, so that when the object is 
removed; its figure or representation still remains. And 
the rules of perspective teach the methods of delineating 
the figures of objects upon a plane, so as to resemble 
the appearance they would present to the eye if the 
plane on which they are delineated werai transparent, 
and held between the objecls and the eye. 

A more familiar conception of the nature of a per- 
spective representation may be derived from looking at 
a building, or along a street, through a piece of glass, 
and marking lines on the surface of the glass coinciding 
with those wc are observing through it. These lines, if 
accurately traced, will evidently represent 'the object to 
the eye, such as it appeared when seen through the 
glass. 

When the object observed is a street, the upper and 
lower edges of the fronts of the houses, which are known 


to be nearly if not accurately parallel, appear to converge Methods of 

at the remote end of the street, forming a series of lines 

on the screen something like that shown in fig. 151. of Crystals. 

.And if this mass .of houses were a single solid . ^ 
body, and even much reduced in dimensions, it ought 
still to be represented on a plane surface by converging 
lines similar to those in the above figure. 

But such a representation of Crystals would convey a 
very indistinct idea of their forms, and particularly those 
of complicated secondary Crystals. 

Another kind of perspective has therefore been used, 
which supposes parallel lines to be drawn from the se- 
veral angles of the figure obliquely to a plane parallel to 
a lateral plane of the cube and square prism, and to a 
diagonal ot the other forms; a method of projection in 
which all the lines that are parallel in the figure are 
represented by parallel lines in the drawing. The axis 
of the rhomboid, and the lateral edges of the other forms 
being drawn perpendicular to the plane on which the 
figure is supposed to rest. 

(323.) To draw a cube or square prism. ,Fig. 152. 

For a cube make eghf a square, and for a square 
prism make eo or e. o' to cfm the same proportions as 
they are ibund in the Crystal to be delineated. 

Take fi and ki such that the figure may appear 
symmetrical, and draw k r, and the other lines to com- 
plete the figure. 

(324.) To draw a right rhombic prism. Fig. 153. 

On a horizontal line a b lake ac = db; and from 
the points a % 6, c, ri, raise the four perpendiculars shown 
in the figure. Take a e = bf such as to give the figure 
a convenient form for placing the secondary planes 
upon it. 

Take d g to a b ill the proportion of a lateral edge to 
the greater diagonal of the Crystal to be delineated, and 
complete tin* figure. 

(325.) The oblique rhombic prism may be drawn ill 
a similar manner. But as the angle c df may some- 
times be acute, the ratio of a h t odg must be that of 
the horizontal diagonal of the Crystal to a lateral edge ; 
and a c = bf should be so taken as to present the 
most correct representation of the true character of the 
Crystal. 

(326.) To draw a doubly oblique prism. Fig. 154.' 

As the lateral edges of this prism are not perpendicular 
to either of its diagonals, its base cannot rest on a hori- 
zontal plane, while its lateral edges arc perpendicular. 

On the line a 5, the perpendiculars at a , c, d 9 and 6, 
may be raised, and the distances = db, and a e and 
fb may be taken so as best to represent the character of 
the given Crystal, the ratio of ea to fb and of eg to 
ah being deduced from its measured angles. 

t (327.) To draw a rhomboid. 

Let a b (fig. 155) represent the axis trisected by the 
parallel lines eg, A k. 

From a draw ag at such an angle with a b, and 
through the point/in the axis draw 'eg at such an angle 
with the axis, as to place the figure in a convenient po- 
sition for exhibiting the secondary planes. 

The ratio of the axis a 6 to the horizontal diagonal 
c d of the rhomboid to be delineated is supposed to be 
known. 

On the line eg hike fg = 2/e, and through e and 
parallel to n o draw cc as ed> such’ that od : a b as the 
horizontal diagonal to the axis. 

Draw c e t d m, and h b , equal and parallel to a g, and 
then the remaining lines to complete the figure. 
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CryiUT- (328.) The delineation of the secondary forms of 
lograpliy. c* r y s t a i s mu y be effected either by truncating: the figures 
V— of the primary forms, or by circumscribing those forms 
with the planes of the secondary Crystal. 

When the secondary form, whether it be simple or 
compound, is to be exhibited in its entire slate, with all 
the primary planes effaced, the best method will he to 
delineate a small primary form, and to envelope that 
with the secondary planes ; but when parts of the pri- 
mary planes are also to be shown in the figure of the 
secondary Crystal, a larger primary form may be drawn, 
and then be cut down, as in the Tables of Modifications. 

The fidelity of the representation of any secondary 
form, will depend upon the accuracy with which the 
intersections of the secondary planes witli the primary 
and with each other arc drawn. 

From the preceding explanations relative to secondary 
planes, it is obvious that such planes may be correctly 
placed on a primary form by drawing them so that they 
shall cut the primary edges in the proportions denoted 
by the Laws of Decrement which produce them. And 
the line at which two planes sq .drawn intersect each 
other, corresponds to their common edge on the Crystal. 

If the planes b of the right rhombic prism (fig. 74) 
be supposed to correspond to the symbol, (B a 13', H„), 
those proportions of the corresponding edges must- be 
taken for the plane A, and for (B, B' fl 1I 3 ), ami the 
line at which these planes would cut each other, would 
represent the edge between b and b'. 

But it will be inconvenient when there are many 
secondary planes to he drawn, to find the intersections 
in this manner. And we must then resort to the follow- 
ing general method. 

(329.) Let it be required to draw a right rhombic 
prism modified by plaues corresponding to the symbols 

A A 6, Aj. (B, B\ H a ) 

e, c, A, b , b t . 

Let the primary forms (fig. 156 and 157) be drawn 
in pencil, of equal dimensions ; with their terminal and 
lateral edges respectively parallel, on fig. 157 draw u 0 
parallel to the short diagonal of the terminal plane, and 
from the points 11 and o draw u o v p, parallel to the 
lateral edges. The plane A would evidently be repre- 
sented by uvop. Let the line a a' he drawn on the 
plane A, and through the diagonals q r, sL 

The plane c which should next be drawn must obvi- 
ously lie between A and P. The Law of Decrement from 
which this plane is supposed to result, is two rows in 
breadth. 

If, therefore, two of the primary terminal edges of 
fig. 156 are extended to c and c # , so that q c = 2q q" and 
q d = 2 q ({ \ the plane acc J will represent the plane c, 
and the line c c f will touch the primary form at the 
solid angle d. The line da, which bisects cc'at <f, may 
be called the directing line, Ibr placing the plane c between 
A and 1\ by taking some point d in the diagonal q r> (fig. 
157,) and drawing da parallel to d «. (Fig. 156.) The 
lines g A', i k being drawn through d lind a parallel to 
ir r, the plane g h* ih will represent the.reqnircd plane c. 
By drawing lines parallel to g h! ami i A, at correspond- 


ing distances from the diagonals q r, .« t f and from (he Methods of 
points q t r, *, and U the figure with the planes A and o Drawing 
upon it may he completed, and may he traced separately tho Figure! 
■ in pencil, as iq fig. 158, preparatory to the addition of Crystals , 
the planes e. 

To produce these planes, first draw Axon fig. 158, 
and for the intersection of the planes c and e draw k l 
parallel to a c, (fig, 156,) and from the point l draw ly 
parallel to k x. 

Having thus produced the planes d, t\ and e, wc nmy 
add the planes b t and & B , by tracing fig. 158 on a separate 
paper, as in fig. 160, and drawing parallel to it an 
entire primary form, as shown by fig. 159. 

The directing) planes b b 1 " b u and 6* b" b x on fig.' 159, 
represent the two planes A„ b\, (fig. 160,) and b b" r 6 t , 
b f b*' f b t% (fig. 159,) represents 6 a , or 2 in fig. 160; 
and n z b ,n *z' (fig. 159) is evidently parallel to pl&ne e , 
fig. 160. 

The intersection of bb* ,/ A„ with n z b nr z\ is the line 
77 b >n ; its intersection with P *is b b ,rt : wiih M, it is 
b b x ; and with h r b'' A, it is bpi. 

It) therefore, from the point 1 (fig. 160) we draw* 
the line 1 6, parallel to n V"; 6 5, tc b A'"/ and 1 3, to 
b A lf we shall obtain three of the edges of plane b x . 

From the point 5, (fig. 160,) draw the intersection of 
A, and b\ parallel to tn 6„ (fig. 159,) and by drawing 
on fig. 160, 3 4, parallel to b A e , and the intersection of. 

2 and 2\ (fig. 160,) parallel to m A s , (fig. 159,) wc shall 
delineate the planes b x and 2 ; observing that those 
planes intersect each other in a line parallel to the inter- 
section of A, and P. The positions of b\ and 2 may 
be obtained by u similar 'method of proceeding, and the 
other corresponding planes may be drawn by u similar 
process, or by parallel lines, or by finding the relation . 
of their edges, or angles, to some known points on the 
Crystal. 

13y means analogous to these, the most complicated 
figures may be accurately produced! 

(330.) But it very frequently happens that the Law of 
Decrement will suggest some relation between the posi 
tion of the secondary edges or angles and some known 
points or lines of the primary form, which will supersede 
the necessity of any directing diagram. The figure of the 
rhombic dodecahedron affords an example of this nature. 

The easiest method of drawing this figure is to project 
the cube, as shown in fig. 161, and through its centre, 
and perpendicular to its planes, to draw the lines a 6, 
i d, ef. 

Those lines arc parallel respectively to the edges of 
the cube. Take on each line, and in each direction from 
the poiut in the centre of the cube, where the lines in- 
tersect each other, a quantity equal to that edge of the 
cube to which the particular line is parallel, and draw 
lrncs from the extremities of those portions of the lines to 
the solid angles of the cube. 

Many expedients will probably occur to those who are 
accustomed to draw Crystals, which will greatly abridge 
the laborious processes just described. These will, how- 
ever) form particular cases, and will depend on flics 
degree of attention and ingenuity employed in framing* 
the diagrams. 
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The Nos. refer to the paragraphs. 


Anouk, phone, 8 ; its measure or value how determined, 10. 

Angle, solid, 9. 

Angles, at which the planes of Crystals inclino to each other, how 
, ascertained, 46; how measured, 47, 48, 49; how deduced 
from the laws of docrement, 279 ; similar, 13. 

Angles, Wi d, similar, 14. 

Axis of u Crystal, 31. 

Calculation of the laws of decrement, general method, 132 ; upplied 
to the rube, 139; to the square prism, 150; to the right 
rhombic prism, 172; to the oblique rhombic prism, 195; to 
tin; doubly oblique prism , 228 ; to the r/iombuid , 245 ; to the 
hexagonal prism, 278. 

Cleft v age, 5 ; sets of, 63; single , double, &c. t 66. 

Crystals, definition of, 3.; how produced, 34 ; primary, 73, 33 ; 
secondary, 26, 74 ; how modified in form, 36; heliotrope and 
intersected, 77 ; epigone and pseiidomorphuus, 80 ; method of 
reading, 109 ; liow to describe, 119 $ how to draw the iigurcs 
of. 322. 

Crystallization, 82. 

Cube, 20 ; its axes, 31 ; modifications, 99 ; laws of decrement, 
how calculated, 139. 

Decrements, 36, 69 ; in breadth, 37 ; in height, 37 ; simple, 38'; 
intermediary, 39. 

Diagonal, of a plane, 29 ; oblique, 29 ; horizontal, 29. 

Diagonal plane, 30. 

Dodecahedron, rhombic, how derived, 68. 

Doubly oblique prism, 24 ; its axes, 31 j modifications, 107 ; laws 
Of decrement, how calculated, 228. 

Drawing Crystals, method of, 322. 

Kdge, 7 ; primary, 7 ; secondary, 7 ; of combinations, 7. 

Edges, terminal, / ; lateral 7 ; similar, 12; parallel, 297. 

Epigene Crystals, 80. 

Figures of Crystals, how to draw, 322. 

Form, defined, 17; primary, 2, 73; secondary, 2, 74. 

Forms of Crystals, related to the cube, 29 ; to the square prism, 
102; to the right rhombic prism, 172; to tho oblique rhombic 
prism, 195 ; to the doubly oblique prism , 228 ; to the rhomboid , 
245 ; their mutdul relations, 33.' 

Goniometer, common, 47 ; reflective, 48 ; how to be used, 49. 


Hcmitropo Crystals, 77. 

Hexagonal prism, regular, 278. 

Intersecting Crystals, 7b. 

Laws of decrement, 41. 

Law of symmetry, 72. 

Modification of u Crystal, 40. 

Modifications, tables of, 92; thect/Ae, 99; the square prism , 102 
the right rhombic pi isui, 104 ; the oblique rhombic pi ism, 105 ; 
the doubt q uhhque prism , 107 ; the lhomboid, 108 ; application 
of the tables, 109. 

Molecules, 15, 5 1 ; their theoretical forms, 55 to 59 ; their arrange- 
ment in Crystals, 60. 

Notation explained, page 425. 

Oblique rhombic prism, 23 ; its axis, 31 ; modifications, il'*» ; laws 
of decrement how calculated, 195. 

Parallel edges. 297 ; laws of decrement dedufvd from, 293 to "2f. 

Planes cf Ciy Is, natural, 4 ; e\ wage, 6 ; sum 1 ...!, M t uujeut, 

44. 

Primary form, 2. 

Primary forms, 71 ; their rehtturs to e.n ii «..L r 31 ; !;.>v f. 
in me from secondary furms, 109 to 116. 

Pscudomorphous Crystals, 81. 

Rhomboid, 25 ; its axes, 31 ; modifications. luS ; Lifts of d*'c:e- 

• 1 nient, liow calculated, 245. 

Right rhombic prism, 22; its axes, 31 ; modifications, 104; ltum 
of decrement, liow calculated, 172. 

Secondary forms, 2. 26. 75. 

Series of Crystallization, 28. 

Similar edgeN, angles, and planes, 11 to 14. 

Square prism, 21 ; its axes, 31 ; modifications, 102; lawsofdeerc 
inont, how calculated, 150. 

Structure of Crystals, 60. 

Symbols' explained, 121 ; tabl<? of, 131. 

Symmetry, law of, 72 ; is sometimes suspended, 72. 

System of Crystallization, 27. 
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Mineralogy Introductory Observations. 

^ ^ (1.) Mineralogy is defined by Kirwan to be the 

Art of distinguishing Mineral substances from each 
other . 

All bodies found in or upon the earth, not being vege- 
table or animal, are termed Minerals. 

(2 ) It has been stated in the Introduction to Crystal- 
lography, that we are indebted to Hafiy for the first 
satisfactory explanation of the mutual relations of crys- 
talline forms; and it is also due to his memory to add, 
that his views of Mineralogy were more precise and phi- 
losophical than those of any author by whom he had 
been preceded. In recommending this pursuit to the 
favourable notice of others, he observes, that if the mo- 
tives by which we are led to the cultivation of any branch 
of Natural Science, were founded solely upon the plea- 
sure afforded by a casual inspection of the productions 
to which it relates, Zoology ami Hotany would claim our 
first regard ; but that if we overcome this first unfavour- 
able impression, and look a little more closely to only a 
few individuals belonging to the Mineral kingdom, we 
shall, lie sa\s, find them possessed of a regularity of 
structure, an almost infinite variety of distinct, yet re- 
lated tonus, and many other properties, not only capable 
of affording a high degree of interest, hut offering in- 
ducements to the collector of Minerals to enter upon a 
wider range of philosophical inquiry. 

The necessity of exact Mineralogical knowledge to the 
Geologist has been very justly anil forcibly expressed by 
Mr. Aikiu in the introduction to his Manual of Minera- 
logy, published in J815. lie says: ‘‘The absolute neces- 
sity of extreme accuracy in discriminating one species of 
Mineral from another is too obvious to require any further 
remark, if examples were not perpetually presenting 
themselves of persons very slenderly provided with these 
rudiments of the Science, who yet undertake geological 
investigations, and with a peremptoriness, generally iii 
proportion to their ignorance, challenge the credit of 
new discoveries, or call in question the observations of 
their predecessors. “It is, indeed, very true that geo- 
logical speculations are as fascinating to the student as 
the discrimination of species is generally repulsive ; yet 
it ought to be borne in mind that as all sound scholar- 
ship is founded upon Grammar, so all sound Geology 
depends primarily on a familiar acquaintance with the 
distinctive characters of .simple Minerals.’* 

Of Mineral Species . 

(3.) If we examine specimens of the various kinds of 
Minerals, they will be found to differ considerably iu 
form and colour: some will be opaque, others more or 
less transparent; ami among those which arc transpa- 
rent, some may be observed to produce a double image 
of the objects seen through them. If the specimens arc 
taken iu the hand, some will be found much heavier than 
others of the same apparent size. If an attempt be 
made to scratch them with a pin or needle, some will be 
readily marked by the pin, others will require the steel 
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point to produce the same effect ; and others will not Mine 
be scratched by either. Some may be cut with a knife - * 

info thin slices, while an attempt to cut others will pro- 
duce only powder or fragments, and many will entirely 
resist the action of the knife. Some may be hammeicil 
into tliiu plates, while others will only be bruised to 
powder, or broken into angular fragments with plain or 
curved surfaces. 

(1.) If the different specimens were to be analyzed 
by the Chemist, many of them would agree, ami many 
differ in their composition, apparently denoting identity 
or difference of kind among the Minerals examined ; and 
it might he expected that such Minerals would also be 
distinguished by corresponding resemblances or disagree- 
ments in their external and other characters. Hut it 
would occasionally he perceived that specimens which 
agreed in their chemical composition, exhibited differ- 
ences in some of their external characters; and that 
others which agreed in their external characters, differed 
iu their chemical composition. There would, however, 
generally be found among the external or physical cha- 
racters some which so constantly accompany particular 
chemical kinds, as to warrant the conclusion that, such 
characters are essential to such kinds: but it must be ad- 
mitted that, until tile relations between the chemical ami 
other properties shall be more coircctly ascertained, the 
separation of all the known Minerals into kinds or 
sprcies % must, in many instances, tie regarded as pro- 
visional only, and subject to alterations as tlieii pro 
perties become better understood. 

(!>.) It appeals from chemical analysis that carbonate 
of imic which occurs generally in rhomboid* , as in 
the common calcareous spar, occurs also iu rhombic 
prisms , as in arragonite ; and hence it follows that the 
same elements aie subject to different modes of crystal- 
line arrangement. It is apparent that caibouate ot tune 
and arragonite might, from the similarity of their com- 
position, be regarded as belonging to the. .same natural 
species ; while the differences in their form and m their 
physical properties, which are also natural characters, 
would require them to be considered as distinc t nahnat 
species ; hut as the practical purpose for which M mends 
sue divided into species, that of alfoiding the means of 
distinguishing them from each other, is more completely 
answered by regarding them as different species, they 
have l»eeii so considered by previous writers on Mine- 
ralogy. This properly of crystallizing under two distinct 
forms has been termed dimorphism; ami in order to 
preserve a consistent Mineralogical rule, all dimorphous 
substances ought to form two species; and even sul- 
phur, although a simple chemical body, as it crystallizes 
under two separate forms, ought not, perhaps, to become 
ail exception to the rule. Hence it is obvious that there 
might be two distinct natural systems of classification oi 
Minerals, distinguished as the Chemical and Mineralo- 
gical ; and if all the discrepancies between Chemical and 
Mineralogical species were analogous to those ol car- 
bonate of lime and arragonite, there would be little diffi- 
culty iu classing and arranging the whole according to 
cither of these methods. Hut there are other anomalies 
3 q 



46G 


MINERALOG Y. 


Mineralogy in the relations of the composition ami form of Minerals, 
arising out of wliat has been termed the isomorphism of 
their molecules, which tend still furlher to embarrass the 
distinction of species among several well Known sub- 
stances. On this subject, liowwer, we must refer our 
readers to some papers in the Xth volume of the Phil. 
Mas*, and Annals of Philosophy , and to the IP ports of 
the llritisfi Association for the Advancement of Science . 

(fi ) In addition to the uncertainties already noticed in 
the determination of Miiicnd species, some further difti- 
cultv may occasionally he experienced from the changes 
which are found to have taken place in the substance 
of Minerals, without any alteration of external form or 
cleauige. A Mineral so altered has been termed epigene 
by llauy ; and examples of such changes may be ob- 
served in iron pyrites, where the sulphur has left the 
iron, and oxygen has taken its place ; and in carbon- 
ate of iron, where the carbonic acid has quitted the 
Mineral, and left it in the state of an oxide. In both these, 
instances the crystalline forms of the pyrites and carbon- 
ate of iron are retained. 

(7.) The substance of one Mineral is also occasionally 
found to have been destroyed or removed, and to have 
been replaced by that of another, which yet retains the 
form of fhc original substance, a change to which the 
term pseudomorphism has been applied. Tt is not lin- 
froquent. among Minerals, but its causes arc involved 
in great obscurity. 

(H.) It has also been supposed that Minerals may 
pass from one species into another. As where two dis- 
tinct species arc so mixed, that neither should appear to 
predominate or envelope the particles of the other, and to 
assume its proper form and other characters. Hut the 
only difficulty that could present itself in this case would 
arise, not from the compound exhibiting a false character, 
but from its being destitute of any precise specific cha- 
racter. 

Of Classification . 

(0.) Let us suppose that the physical and chemical 
characters of all the varieties of known Minerals have 
been ascertained and accurately recorded. The next 
proceeding of the owner of such a collection would pro- 
bably he an attempt to arrange these descriptions, so as 
to exhibit the natural relations of the different kinds to 
each other. In attempting to effect which object, he 
would immediately perceive that there might be as 
many different systems of natural classification as there 
are distinct natural characters among Minerals. And 
hence his first difficulty would be the selection of the 
particular characters which might afford the best founda- 
tion of his natural arrangement; but for reasons which 
we ha\c not space here to discuss, he would probably 
adopt the chemical composition as his basis. 

(10.) Let us now imagine the supposed collection to 
have been destroyed, and the possessor of it to be desir- 
ous of again forming a similar one, with no other assist- 
ance than the descriptions that have been preserved of 
the lost specimens. 

As these recorded descriptions are supposed to have 
been either noted down promiscuously, or to have 
been afterwards arranged according to composition, it 
is obvious that however correctly they may have been 
reorded, they would afford little assistance in identifying 
new specimens ; for the time and labour that would be 
required for successively comparing each new specimen 


with each individual description of those which had been Mine*; ngy 
destroyed, would render the attempt impracticable. 

In order, therefore, to facilitate the recognition of spe- 
cies from recorded descriptions, and thus to practise the 
Art of Mineralogy, it would he found necessary to 
classify and arrange the several characters with u view 
to this particular object, and thus to produce what may 
be termed an artificial arrangement. 

Mineralogy may therefore be regarded both as a Sci- 
ence and an Art. As a Science in reference to the know- 
ledge requisite for supplying accurate descriptions of 
Minerals, and forming what may he termed a natural 
classification ; and an Art in reference to the arrange* 
incut of the descriptive characters for the purpose of after- 
wards distinguishing Minerals from each other. 

(II.) Before we proceed to explain the methods 
which have been adapted to these purposes, we shall 
follow Berzelius in a hasty review of the History of 
Mineralogy, and the methods of classification adopted by 
preceding authors. 

Little is to be discovered in the writings of the Ancients 
relative to Mineralogy in the modern sense of that term. 

On (lie contrary, the earliest histories and descriptions 
of Minerals are interspersed with fabulous accounts, such 
as Pliny has recorded of the diamond ; which he says is 
so hard that no blow of the hammer will break it, hut 
that when struck upon an anvil, it will rather split both 
the anvil and the hammer than suffer itself to be broken, 
unless it be previously steeped in the blood of a goat le- 
cently killed. 

The first attempts at a methodical arrangement of 
Minerals, and the first, use of the term Mineral King^ 
dom must be referred to tile YVIltli Century, within 
which period many different systems, or Miiicrulogical 
methods, have been published. Some founded on exter- 
nal and physical characters only ; others uniting the. 
chemical character to these; and some later ones living 
strictly chemical. 

Wallerius, one of the most distinguished of the early 
writers, arranged his species of Minerals by some of their 
external and physical characters; such as texture, fracture, 
figure of the fragments, colour, transparence, hardness, 
as evinced by giving sparks with steel, effervescence with 
acids, &c. The systems of Brunner and of CronMedt 
were also founded on external characters, and consisted 
of four principal subdivisions ; 

Earths, Bitumens, 

Salts, Metals. 

And each of these classes was subdivided into the fol- 
lowing orders, dependent on texture or structure. 

1. Earthy, 5. Fibrous, 

2. Scaly, 6. Granular foliated, 

3. Foliated, 7. Compact. 

4. Radiated, 

The salts being further determined by their flavour; as 

Astringent, Sweet, 

Acid, Salt, &c. 

These systems, it. inay be observed, were founded at 
a period when Chemistry had made comparatively little 
progress; but ns that Science improved, we find it re- 
sorted to by Mineralogists for supplying other distin- 
guishing characters. 

The systems of Werner and of ITaussmann were 
founded upon the chemical and external characters con- 
jointly; and that of Werner was lor a considerable period 
almost exclusively adopted by Mineralogists. Tt was 
not, however, published by the author himself, and 
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Mineralogy coming only through the hands of his pupils, may pos- 
sibly not have always represented his views with accu- 
racy. 

The following is ail outline of his method of classi- 
fication : 

Class 1. Earthy Minerals, 

Class 2. Saline Minerals. 

Class 3. Inflammables. 

Class 4. Metals. 

In this system the advantages which might result to 
the Science from any single natural method, are una- 
vailable to the student. For the chemical arrangement 
is continually violated to preserve an apparent consist- 
ency in that founded on external characters, which, in 
its turn, is not un frequently disturbed by the regard 
paid to chemical constitution. And hence its followers 
have seldom agreed concerning the proper place which 
new Minerals ought to occupy in that system. The 
system of Hatissinann was also founded upon a chemical 
basis, hut more perfect than that of Werner, and was 
also combined with the consideration of external cha- 
racters. Aiul hence the disadvantage of attempting to 
combine conflicting and incompatible systems, was as 
apparent in this as it had been in the system of Werner. 

The principal systems founded on a more strictly 
chemical basis were first those of Karsten and of 1 f niiy, 
and, at a later period, of Brongniurt, Cleveland, and 
Phillips ; that of Karsten may be said to present the 
dawn of an attempt at accurate natural classification, 
which lias been greatly improved in the hands of llnfiy, 
ami has derived still greater advantages fiom the labours 
of Berzelius. Wo shall, therefore, enter no further into 
the system of Karsten than to say, that its leading 
divisions arc into 

1. Earths, 2. Salts, 

containing all the soluble varieties arranged according 
to their acids, 

3. Combustibles, 4. Metals. 

(12.) The system of Hauy was first published in 
1801, and a second edition in 1822. 

T I is definition of a Mineral species is, that all the in- 
dividuals belonging to it shall be similar in their mm - 
position* and that their crystalline forms shall also he 
similar. It is obvious from what has preceded that this 
definition cannot be universally applied. If, he s:i\s, we 
collect crystals of quartz from different parts of the World, 
we shall observe such a general resemblance among 
them as would lead to a conclusion of their being 
similar Minerals. If wc examine them chemically, we 
are supported in this conclusion ; and if we measure 
their angles, we shall find such an agreement among 
the corresponding ones of different crystals as to leave 
no doubt that they all belong to one species. Let us 
now, lie says, take a rolled pebble whose lustre, 
when biokcn, resembles the fractured parts of crystals 
of quartz. We analyze the substance, and find it nearly 
pure si lex ; we place it in a position in which wo may 
observe the light reflected from its fractured surface, and 
we perceive that from some parts of that surface not 
only the rays of light, but the images of objects, are 
distinctly reflected ; we consider those parts as portions 
of cleavage planes, we detach and measure some frag- 
ments, and we discover angles corresponding with some 
of those presented by the regular crystals of quartz; we 
therefore include our specimen under the species quartz. 
We proceed with another specimen of what is termed 
white cornelian, whose structure is fibrous, whose frag- 


ments afford but dull reflections of light, and not any Mineralogy 
images of surrounding objects. Tins diflcis m> much in ^ 

character from the preceding specimens, that at first 
view we should exclude it from the species. Hut on 
analysis, we find that its composition is very nearly 
similar to that of rock crystals ; and ns an analogy has 
been observed to subsist between the crystallized and 
fibrous structure of other Minerals, we place our white 
cornelian as a variety of the species quartz. 

Tin* following is an outline of the classitic \tioii 
adopted by llaiiy: 

(Mass L. Free acids. 

Class 2. Metals appearing under another charnel* r. 

(llcteropsides.) These are the earthy Minerals. 

Appendix to class 2. The characteristic piinciple de- 
pending upon the sdex not yet determined, and being 
free or combined. 

(Mass 3. Metals appearing* as such. (Autopsides.) 

Order 1. Not immediately oxidable, unless at a 
very high temperature, and immediately redu- 
cible. 

Order 2. Oxidable, and reducible immediately. 

Order 3. Oxidable, but not immediately reducible. 
a. Sensibly ductile. 
h. Not ductile. 

Class 4. Combustibles, not metallic. 

An appendix to this class, consisting of substances 
of vegetable origin. 

Appendix to the four preceding Classes. 

22 substances. 

This classification appears equally objectionable with 
those preceding it, exhibiting as it does a mixture of 
chemical and physical characters in the same system. 

We pass over the systems of Hronguiait, Cleveland, 

Phillips, Hvciihaupt, Bemlant, ami other authors who 
have intervened between the first publication of 1 limy’s 
method and live present time, not as unworthy of more 
particular notice, but because they may be regarded as 
varieties of the chemical method, modified in a greater 
or less degree by the introduction of some other prin- 
ciple. 

We are indebted to Berzelius for (he first attempt at 
a strictly chemical classification of Minerals. According 
to this author's system, all chemical compounds are 
supposed to consist of electro-positive and electro-nega- 
tive particles, attracted and held together by a force 
analogous to that by which bodies in different states of 
electricity are influenced. When Minerals are analyzed, 
therefore, and their simple constituent parts ascertained, 
we are, according to this theory, to regard those of the 
electro-positive and electro- negative elements which 
present themselves in such definite proportions as are 
consistent with the atomic theory , to be essential elemen- 
tary parts of the Mineral examined ; and upon this 
principle a general determination of Mineral species 
has been attempted, ami a systematic classification 
founded. 

But this author has candidly acknowledged the diffi- 
culties which, in the present state of Chemical Science, 
attend the inquiry into what are really the essential con- 
stituents of Minerals. The first is that of ascertaining 
correctly, by means of analysis, the nature of all the dif- 
ferent kinds of particles which enter into the composition 
of a compound Mineral, and i lie still greater difficulty of 
determining the exact pioporlions ol each kind. This, 
however, may possibly be overcome by further impiove- 
inenls in practical Chemistry. But the second, and as 
3 q 2 
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it appears to us the insurmountable impediment to the 
establishment of an accurate chemical determination of 
Mineral sjjecies, arises from the extraneous matter which 
is so frequently, we might almost say universally, found 
accompanying; the essential constituents of the Mineral. 

The substance known by the name of Foiintaiubleau 
sandstone affords a striking- instance of this hind of com- 
position. This Mineral may be regarded either as gra- 
nular quartz cemented by carbonate of lime, or as car- 
bonate of lime enveloping grains of quartz, yet no one 
has ever regarded this mixture as constituting a new 
chemical species. Instances also occur in which only 
part of a specimen is coloured by foreign matter, which, 
if it had pervaded the whole specimen, the Chemist 
would be deceived by analysis, and would erect an acci- 
dental variety of some known Mineral into a new species. 

On looking over the number of species which Berze- 
lius lias formed out of the gnruet. tribes, it is much to 
be suspected that accidental mixtures have been reckoned 
among the essential constituents of several of the varie- 
ties examined ; a suspicion which may he reasonably 
entertained from the manner in which the chemical for- 
mula? of Minerals is made up. For we can scarcely 
imagine a compound, however heterogeneous, whose 
constituent particles may not be so parcelled out as to 
appear nearly definitely proportional to each other. It 
is, however, very possible that some of the Minerals 
hitherto called gurnets, on account of their crystalline 
form, may really lie different substances. But the num- 
ber of Mineral species which may fairly be regarded as 
doubtful on account of some supposed heterogeneous 
mixture of elements will probably be continually reduced 
by new and more correct analyses ; with a due regard to 
the matrix, to the accompanying substances, and to the 
purity of the specimens anal) zed, as far as that can be 
judged of from their transparency and other characters. 

The order established by the electro-chemical relation 
of bodies is supposed to be generally preserved in all 
their combinations. Tims if A be eltctro-negatix'e in re- 
spect of B and of C, B will generally be electro-negative 
in relation to C ; but this appears not to he universally 
so; and sometimes one electro-negative body is found 
combined with two or more bases, and sometimes two 
acids are combined with a single base. 

If, says Berzelius, with these theoretic notions in our 
mind we look through the productions of the Mineral 
kingdom, the apparently confused combinations which 
Minerals present will be immediately pervaded by re- 
gularity and order. We perceive an exteusive class of 
Minerals into which silex enters as a constituent, assum- 
ing the character of salts, either simple, double, triple, or 
quadruple, and with various excesses of the acid or the 
base. In tlie same manner we perceive the oxides of 
titanium, ot tellurium, and of other metals, performing 
the functions of acids, and thus reducing the whole series 
of Minerals to one uniform system of classification ; and 
the doctrine of definite proportions introduced within a 
few years into Chemistry, might, if we could fully avail 
ourselves of its aid, be suid to confer on this system of 
Miucrnlogical classification a degree of almost mathe- 
matical precision. But, us we have already stated, in 
consequence of the difficulty of ascertaining the propor- 
tions of the actual ingredients of Minerals, and the still 
greater difficulty of distinguishing those which are essen- 
tial to the species analyzed, we are not )et enabled to 
confer on a chemical classification all the advantages 
offered by the improved doctrines of Chemistry, 


In the large class of Minerals containing silex, and Mineralogy 
which are the only ones that are likely to occasion much 
difficulty, we are persuaded that there arc not at present 
sufficient data to determine their chemical species with ac- 
curacy. And in this opinion we have the concurrence of 
the author himself; for he allows in his Nouveau Systeme 
Miner alo«ique % at p. 22, that although the number of 
analyses already made by Klaproth, and others since his 
time, supply a large store of materials for the determi- 
nation of species, yet the entire accomplishment of this 
object must be the result of future labours, directed sedu- 
lously and entirely to the accuracy of analysis. And in p. 

92 of the same Work he says, 11 1 cannot be certain 
that the analysis of the triple or quadruple silicates, or 
consequently the formulae deduced from these, are cor- 
rect. I give them only as examples of the probable, com- 
position of these Minerals. The art of analysis not 
being yet advanced to that -degree of perfection, which 
will command our reliance on its results when the in- 
gredients of the substance analyzed are numerous.” It 
is on these grounds that wc have omitted the Mineralo- 
gical formula? of Berzelius in this Treatise. 

We have, however, adopted provisionally his chemical 
classification, as it appears in the Annals of Philosophy , 

New Series , vol. xi. p. 422, being, we believe, the best 
natural arrangement yet proposed. To the list there 
given, the later examined Minerals have been added. 

In this arrangement we have numbered the species, 
and in the alphabetical list we have given references to 
these numbers, by which the chemical order of the differ- 
ent species in that list may be readily ascertained. 

We have also for the more convenient reference to 
cabinets which may be arranged according to this s)stem, 
retained the different substances in the order there 
adopted by Berzelius, although in his recent Work on 
Chemistry that order has been a litLle varied. 

Chemical Classification of Minerals . 

Iron, native, meteoric. Aerolite , 1. 

terrestrial, 1. from France, 2. 

... 2. front North America, Con- 

necticut, 3. 

... 3. Pennsylvania, 4. 

volcanic, 5. 

native steel ? terrestrial, 6. 

volcanic, 7. 

Copper , native, 8. 

Bismuth , native, 9. 

Lead , native, 10. 

Silver , native, 11. 

Mercury , nutive, 12. 

flydrarguret of silver. Amalgam, 13. 

Palladium, native, 11. 

Platina , native, 15. 

Osmium. 

Osmiuret of iridium , 16. 

Gold , native, 17. 

Aururet of silver. Electrum, 18 
Tellurium , native, 19. 

Tclluret of bismuth, 20. 

... ... and silver, 21. 

. . . lead and silver. Foliated ? 22. 

... . . and gold. Yellow , 23. 

silver and gold. Graphic , 24. 

Antimony , native, 25. 

Stibiuret of silver. Antimonial silver , 26. 



MINERALOGY, 


469 


Mineralogy Arsenic , native, 27. 

Arseniuret of nickel. Copper-nickel , 28. 

.. . cobalt. While cobalt , 29. 

Aarrf, 30. 
radiated, 31. 
rhombic , 32. 

•• • bismuth, iron, &c. cobalto-bis - 

muihic arsenic, 33, 

... bismuth, 34. 

• • » copper, 35. 

• • • silver, Arsenical silver ? 36. 

•. • antimony from Alternant? 37. 

... Przbram, 38. 

. . • manganese, 39. 

Carbon , native. Diamond , 40. 

Anthracite , 4 J . 

Carburet of iron. Graphite, , 42. 

Siderographite ? 43. 

Azote, native, gaseous, 44. 

Selenium , native, 45. 

Seleniuret of bismuth and tellurium, 46. 
lead, 47. 

• . • ... and cobalt, 48. 

• . • copper, 49. 

cupriferous seleniuret 
of lead , 50. 

... •• .. mercury, 51. 

. . • • • copper and silver, 52. 

• . . copper, 53. 

«. . ... and silver. Eukairite, 54. 

• zinc, with sulphur and mercury. 

• . • ... Riolite , 55. 

... ... Culebriie, 50. 

Iodine. Iodide of silver, 57. 

Chlorine, 58. 

Chloride of sodium, 59. 

. . . ammonium, 60. 

. . « calcium, 01. 

.. . magnesium, 62. 

. . a lead, 63. 

chloro-oxidc. Berzelite, 64. 
chloro-carbonate, 65. 

. . • copper, 66. 

. . . silver, 67. 

... mercury, 68. 

Sulphtir, native, G9. 

Sulphurct of manganese, 70. 

.. . zinc. Blende, 71. 

• . . iron. Pyrites, yellow , 72. 

.. . white, 73. 

. . . magnetic, 74, 

. . a cobalt, 75. 

. • • nickel. Capillary nickel, 76. 

... copper. Vitreous copper, 77. 

• . • copper and iron. Grey, 78. 

Tennantile, 79. 

P uiple, 80. 

Yellow, 81. 
Kvpferindig , 82. 

. • a lead. Galena, 83. 

. . a bismuth, 84. 

• • • ... and copper, 85. 

• • . .. • copper, and lead. Needle ore, B6. 

tin and copper. Tin pyrites, 87. 

• . • silver, 88. 

• • • ... and copper, 89. 

• • • • . . copper, lead, and bismuth, 90. 


Sulphurct of silver and iron ? St ember gite, 91. Mineralogy 
. . . mercury. Cinnabar , 92. 

. . • antimony. Grey antimony, 93. 

Black antimony? 94. 

• • • • ■ • nickel and arsenic, 95. 

• •• ••• atul nickel. Hartmannite, 96. 

• •• lead ami copper. Bournonite , 

97. 

. • • ... and copper, 98. 

... ... and lead. Zinkenite , 99. 

... ... leud and silver, 100. 

..• and iron. Jamcsonite, 101. 

• . • ... andiron. Berthierite, 102. 

. . a ... and silver. Romelite , 103. 

... ... and silver. Red silver , 104. 

Miargyrite , 105. 

Polybasite, 106. 

. . a molybdenum, 107. 

... arsenic, red. Realgar, 108. 

... ... yellow. Orpinu’nt, 109. 

. . • selenium, 110. 

Sulpho-arseniuret of iron. Mi spick el, 111. 

Huftenbergite , 112. 

• . • cobalt. Grey cobalt , crystallized, 113. 

.... amorphous, 114. 

• . . nickel, grey nickel, 115. 

Oxygen, native, gaseous, 116. 

a. Electro-positive oxides. 

Oxide of calcium. Native lime, 117. 

... manganese. Manganite, 118. 

Varvicite , 119. 

Pyrotusite , 120. 

Psi/ofnelane , 121. 

Ha usma unite, 122. 

Braunite, 123. 

. . • zinc, red, 124. 

... iron. Oligiste , 125. 

Magnetic, 126. 

. • . ... zinc, and manganese. Franklinite, 127. 

... ... and manganese. Umber, 128. 

.. . cobalt and manganese. Earthy cobalt , 129. 

• ». nickel, 130. 

... copper. Red copper, 131. 

... ... iron, and manganese. Black copper, 132. 

• •a .. . and manganese. Cupreous manganese f 

133. 

• •• lead, yellow. Massicot, 134. 

red. Minium, 135. 

... ... andiron. Ben clan tile, 136. 

... bismuth. Bismuth ochre, 137 . 

... uranium. Pitchblende, 138. 

... tin. Tinstone, 139. 

b. Electro-negative oxides . 

Water, 140. 

Hydrate of magnesia, 141. 

• . • manganese, 142. 

. iron, 143. 

... uranium, 144. 

Alumina , native. Corundum, 145. 

Rotten stone, 146. 

Aluminate of magnesia. Spindle, 147. 

• . . magnesia and iron. Pleonaste, 148. 

, iron? Skorian , 149. 

i ... zinc. Automolite , 150. 

... lead. Plomb-gomme, 151. 

.. . water. Gihbsite, 152. 

... ... and iron. Dicupore, 1 53. 
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Mineralogy Silica , quartz , 151. I ~aricli< s. 

Hydrous quartz. Opal, 155. 

Hydrosilicite , 150. 
Konilite , 157. 
Tripoli , 158. 

Giy sprite, 159. 

Silicates with a single base. 

Silicate of lime. From A\.dd for s, 1 00. 

JVollastonite , 161. 
Oifci'/ii/c, 162 

.. . magnesia. Serpentine , 163. 

Steatite, 164. 

Feu me dr mer , 165. 
Pyra Halite , 166. 
Manual itc , 167. 

... zinc. Electric calamine, I6S. 

.. . manganese, 16*9. 

.. . cerium, ml. Cerite, 170. 

ytlloir, 171. 

... iron. J/isinqerifc, 172. 

('/ilomp/M'ile, 173. 
C/iloiopaf, 174. 

S/dcrusch iso/ it e, 175. 
T/iraulite, 176. 

Nontronite , 177. 

... copper. Dwptase, 178. 

Chrysocollci , 1 79 
.. . zircon in. Zircon, 180. 

... alumina. Kyunite, lbl. 

Sillimanite, 182. 
Ihieholzite , 183. 
Fibrolite, 181. 
Andalusite, 185. 
Chiastohte , 186. 
Hydrous silicates of alumina. 

Phalaite , 1S7. 

AUophane, IhS. 

Lenzinife, 1 89. 

1 1 a Hoy site, 190. 

•SV rente, 191. 

Fuller s earth, 192. 

Cimolite, 193. 

Agalmatohtc, 194. 

J sit hum urge, 195. 

Jio/e, 196. 

Mountain soap, 197. 

Lcmnian earth, 198. 

Kotiynte, 199. 

Scarbrdi/e , 200. 

Kaolin , 201. 

T/r/y, 202. 

Am petite, 203. 

6. Silicates with sereral bases. 

1. An alkali, alumina, water. 

ApaphyUile . , 204. 

Chahasie , with base of -vorfa, 205. 

Z*m<\ Levy tie, 20G. 

Mcsotype , 207. 

Mcsohtc , 208. 

Mesole , 209. 

Analcnne, 210. 

G melinite, 211. 

Thomsnnitr, 212. 

Stilbile, 213. 

Fpistilbite, 214 
Heulanditc, 215 
Brewster ite, 2J6. 


Lflr m m on ite , 217. Mineralogy 

Skolezite , 218. 

Zeu "Quite, 219. 

Ilannolome, 220. 

Edingtointe, 221. 

P re /in ite, 222. 

Kit Unite, 223. 

Radio/i/e, 224. 

2. An alkali, lime, and water. 

Pektohte, 225. 

3. An alkali, alumina, anhydrous. 

Felspar , 226. 

Cleavdandile, 227. 

Anorthitc, 228. 

Petahte, 229. 

Spodumene, with lithia, 230. 

with .toc/tf, 231. 

Gabhronite, 232. 

Leu cite , 233. 

Labradoritv , 234. 

Sea polite, 235. 

Me ionite, 236. 

Eke.be rg ite, 237. 

Efaoltle , 238. 

Nfp/ieline, 239. 

Sadat ite, 240. 

Iltnerite, 2 41. 

Anhydrous skolezite, 242. 

Erlani/e, 213. 

Glaucoli/e, 244. 

Appendix. 

Pear 1st one, 245. 

Pitchs/one , 246. 

Pumice, 217. 

Spharutite , 248. 

Obsidian, 249. 

Lava, 250. 

4. An alkali, magnesia, or oxide of iron, or of man- 

ganese. 

Vic rot ite, 251. 

Picrosmine , 252. 

Pimclite, 253. 

7Wc, 251. 

Pyrophyttitc, 255. 

Chlorite, 256. 

Green earth, 257. 

Mica, i homboidaf , 258. 

oblique prisms, 259. 

Lepidohtc, 260. 

Mar^a rile, 261. 

Ruheltan , 262. 

Oder it, 263. 

Gieseckite, 264. 

Fahlunde , 265. 

Pintle, 266. 

5. An alkali, oxide of iron. 

Achmite, 267. 

6. Lime, magnesia, or oxide of iron, or manganese. 

'Fhe silica sometimes replaced by alumina. 

Pyroxene, 268. 
n/nte, 269. 
green, 270. 

Man gum’sian, 271. 
yL/i'/A’, 272. 

J'.tr rsonite, 273. 

Du stain ite, 274. 

Arnp/nbole, 275. 



MINERALOGY. 


471 


Mineralogy 


Grammatite , 276. 

Actynolite , 277. 

Hornblende , 278. 

Arfwedsonite? 279. 

7* Lime, magnesia, oxide of iron, oxide of manga- 
nese. 

llvaite , 280. 

Cronstedtite , 281. 

Pyrosmalile, 282. 

Peridot, 283. 

Hyalosiderite , 284. 
llypcrsthene , 285. 

Bronzite , 286. 

Schiller spar, 287. 

K nth elite., 288. 

8. Lime or magnesia, or oxide of iron or manga- 

nese or cerium, alumina. 
ft pi dole, 289. 

Zoizife, 290. 

I doc rase, 291. 

magnesian. Loboitr, 292. 
cupriferous. Cyvrine , 293. 

Garnet , 294. 

Gmstilar . 295. 

Aptome , 296. 

Almandine , 297. 

Afttg/jwuV/w, 29S. 

Manganesian , 299. 

Pyrope , 300. 

Essonite, 301 
Hi l cin, 302. 

Gehlenitc, 303. 

Anthophyllitc , 304. 

Dichroite , 305. 

./tfrff, 306. 

Nephrite, 307. 

Saussurite , 308. 

Snrdawalite , 309. 

Isopyre , 310. 

Tetchy life? 311. 

K it r phot ile, 3 1 2. 

Sapphirin , 313. 

Chamomile , 314. 

Indian He, 315. 
latrobite , 316. 
heel He, 317. 

Ligurite , 3 IS. 

Ctri no 319 
All anile, 320. 

9. Oxide of iron, alumina. 

Stau rotide, 321. 

10. (ilneina, alumina. 

Emerald , 322. 

Euclase , 323. 

C hr y sober it, 324. 

11. Yltria, oxide of iron, oxide of cerium) &C. 
Gadolinite , from Ytterby, 325. 

Kararfoet, 326. 

Orthite, 327. 

Pyrnrthite, 328. 

12. Zirconia, oxide of iron, &c % 

Eudyalite, 329. 

Appendix to silicates. * Minerals not analyzed, or of 
doubtful composition. 

Aural ite, 330. 

Amphod elite, 331. 

Babingtonite , 332. 


Bergma unite , 333. 

Biotina , 334. 

Bore hie, 335. 

Bucklandde, 336. 

C a noli nit e , 337. 

Cereofite , 33 S. 

Chits He, 339. 

Compton Hr, 340. 

Danjne, 31 1 . 

Desmnie, 312. 

Dipyre, 3 1 3. 

Distu ite , 34 1. 

Domite, 315. 

Forster He, 319. 

Ereis/ebvn , 317. 
ftascite, 34S. 

Gigantnltle, 319. 

Uarnngtonitc. 350. 

Hedenbt rgife, 351. 

Her dr rile, 3*>2. 

Hersdielhte , 353. 

Hu mite , 351. 

1 be rite, 355. 

Jlmemte . 356. 

Green iron tart ft , 357. 

Keffikilht(\ 3 58. 

Lherznhtr, 359. 

LimbH:tt\ 360. 

Met/ilitc, 361. 

JMonticeHitc, 362. 

Murchison ite , 363. 

Nerromte, 361. 

Nut fa I tile, 365. 

Osmehlc , 366. 

Qstranite, 367. 

Pinguite , 36S. 

Poo nah Lite, 369. 

Pyrargilhte, 370. 
liazou mo/f'skin ,37 1 . 

Sarcolde, 372. 

Slderortepte, 373 
Somerviltile, 374. 

Tantolifc, 375. 

Thorite, 376. 

Tor ret ite, 377. 

Turner ite, 378. 

Varga site, 379. 

Want h ite, 380. 

IV it ham lie, 3S I. 

Wolko/iskoif, 382. 

Xanthite, 3S3. 

Xant halite , 3Sl. 

Z?//7/6\ 385. 

0i7rf<j of titanium, (titanic acid.) Analase, 386. 

UrcZtfc, 3S7. 

Brookite ? 389, 

Titaniateofjron.j frow &7/tr/ ( 389. 

Nigrine, 390. 

Axotomous iron, 39 1 
Crichtonite , 392. 

Mohs ite, 393. 

Silico-titnniate of lime. Sphcne , 394. 
Titnniutes with several bases of cerium jtti'ia, 
z iron iiia, Ac. 

Pyroehb). e, 395. 

Pohjinignite, 396. 

Aischymte, 397. 
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Mineralogy Tantalic acid. 

Tantalates of yttria. cerium, iron, &c, 

Fergusonitc , 398. 

Yttrolantalitey black , 399. 

brown , 400. 
yellow , 401. 

TanlalitCy 402. 

a. from Kimito, 403. 

b. . . Fiulw, 404. 

c. . . B rod bo, 405. 

d . . . Bavaria, 406. 

e. . . North America, 407. 

f. . . Kimito, giving a cinnamon-co- 

loured powder, 408. 

Oxide of antimony. White antimony , 409. 
Oxi-sulphurei of antimony . Jfraf antimony , 410. 

Tinder ore ? 41 1. 

Schcdic acid , 412. 

Schedule oflinie. Tungsten , 413. 

. . . iron and manganese. Wolfram, 414. 

... lead, 415. 

Mn/yhdic acid , 4 1 6. 

Molybdate of lead, 417, 

Parnplonite ? 418. 

0*'ule nf chrome , native, 419. 

Chromate of iron, 420. 

... lead, 421. 

.. . lead and copper, Vauquelinite , 422. 

Boracic acid , hydrous, native, 423. 

Borate of soda. Tincaly 421. 

. . . magnesia. Boracite . , 425. 

Boro-silicate of lime. Dalholile , 426. 

Humboldtite. 427. 

Botry elite, 428. 

• . . alumina, lime, &c. 

Tourmaline , 429. 

a with base of potash. 

6 ... lit hia. 

c ... magnesia. 

A xinite, 430. 

Carbonic acid, gaseous, native, 431. 

Carbonate of soda. Oblique rhombic prisms, 432. 

r/gM rhombic prisms , 433. 

Tron a , 131. 
bi-carbonate ? 435. 

. . ... and lime. Gay Limite, 436. 

Barrudile , 437, 

. . . barytes, 438. 

«. . strontia, 439. 

barytiferous. Stromnite, 440. 

'. . lime, a. Calcite, 441. 

b. Arragonile, 442. 

and barytes. Barytocalcite , 443. 

and iron. Ankerilc, 444. 

«. . ... and leud. Plumbocalciie , 445. 

• . . magnesia, 446. 

• • • ... and lime. Bitter spar, 447. 

Mcsitine spar ? 448. 
... ... and iron, 449. 

... and iron, 450. 

. . • manganese, 451. 

. . . iron. Brown spar , 452. 

argillaceous, clay-iron-stone, 453. 
• . • zinc. Calamine , 454. 

a. crystallized. 

b. earthy. 

... ceriuip, 455. 


Carbonate of bismuth, 456. w Mineralogy 

s'dicious. Bismuth blende , 457. s ^v~ / 

• . . lead, 458. 

. . . silver. Selbite , 459. 

• . • copper, green . Malachitey 460. 
blue, 461. 

silirious. Chrysocolla in part, 

462. 

anhydrous , 463. 

... ... and zinc. Kupferschaumy 464. 

Oxide of arsenic , arsenic acid , 465. 

Arscniute oflimc. Pharmacolite y 466. 

Ilaidingerite , 467. 

. . . iron, rhombic. Scorodite, 468. 
cubic, 4G9. 
amorphous? 470. 
arsenite? 471. 

,. . cobalt. Red cobalt , 472. 

Rosditc , 473. 

. . • nickel, 474. 

. . . lead. Brown lead, 475. 

Arsenite? 476. 

. . • copper. Octahedral , 477. 

Oliven ite, 478. 

Euchroite , 479. 

Triedral of Bournon, 480. 

Copper mica , 481. 

Erinitc , 482. 

Condurrile? 483. 

Vanadic acid. 

Vunadiate of lead, 484. 

Phosphoric acid. 

Phosphate of lime. Apatite., 485. 

.. . magnesia. fVagncrite } 4S6. 

... yttria, 487. 

. . . iron. Vici anile, 488. 

Karpho aider He, 489. 

«. . manganese and iron. Pilch ore, 490. 

Hdepozite, 491. 
Huraulitey 492. 

. , . lead, 493. 

phospkato-arseniaie , 494. 

. . . copper, right rhombic, 495. 

oblique rhombic , 496. 

. . . alumina. Wavcllitr, 497. 

... ... and am monia, /rom the Isle of 

Bourbon , 4118, 

Azurite , 499. 

Calaite, 500. 

Amblygonitey 501. 

Childrcnite , 502. 

Kakoxene, 503. 
uranium. IJranile, 504. 

Chalkolite, 505. 

Fluoric add . 

Fluatc of lime. Fluor y 506. 

fuo-arseniate of lime, 507. 

. . • yttria, 508. 

. . • cerium, neutral , 509. 

• . . ... sub-fluate, 510. 

and yttria, 511. 

• . • • . . ... and lime. Yttroceritefi\2. 

alumina. Fluellite, 513. 

• • . * • . and soda. Cryolite , 514. 

Fluo-silicatc of magnesia. Condrodite % 515. 

• alumina. Topaz, 516. 
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uralotfy Nitric acid . 

Nitrate of potas Itf'Nilre, 517. 

... soda, 5 IS. 

... lime, 519. 

. . . magnesia, 520. 

Sulphuric acid, native, gaseous, 521. 

fluid, 522. 

Sulphate of ammonia. Mascagnine, 523. 

. . „ potash, 524. 

. . . soua. Glauber salt , 525. 

Anhydrous. Thenardite , 52 6. 

. . . barytes. Baroselenite , 527. 

Baryto- fluoride ? 528. 
Schoarite ? 529. 

. . . strontia. Celestine , 530. 

... ... and barytes. Grunerite, 531. 

. . . lime. Gypsum , 532. 

Anhydrite , 533. 

... ... and soda. Glauhvritc , 534. 

. , . magnesia. Epsomite , 535. 

... ... and soda. Bmssi/t\ 53(5. 

4 Blued tie, 537. 

... ... soda and lime. Polyhallite, 538. 

.. . zinc, 539. 

... iron, Greon. Melanie rite. 540. 

... . ... Red. Bnfryogenc, 511. 

... ... Fibrous, 512. 

... ... Earthy. Misy? 543. 

. . , copper. Soluble , 544. 

Insoluble? 13 rocha utile, 545 
Koniginc , 546. 

... cobalt, 547. 

... lead, 548. 

... ... and copper, 549. 

Sulphuto-carbouate of lead, 550, 

... ... ... and copper, 551. 

. . . tri-carbonate of lead, 552. 

... a. lllioinboidal, 553. 

... b . Prismatic, 554. 

Sulphate of alumina. Neutral, 555. 

... ... with excess of base, 556. 

... ... Wcbsterite, 557. 

. . • ... Davite, 558. 

and potash. Alum , 559. 

. . . uranium, 560. 

... ... and copper. Johan nitc , 561. 

Silico-sulphate of alumina. Old ha mile, 562. 

... and potash. Alum-stone , 

563. 

Silicates containing sulphates, 

Lazufitr , 564. 

Ilaiiyne , 56. i. 

Spinvllane , 566. 

Velvet copper y 567. 

Appendix. Metallic ? 

Ilreislakile , 568. 

Velakonitvy 569. 

Tephroile,' 570. 

Hopeite, 571. 

Minerals apparently derived from organic substances, 
Mould , 572. 

Pea*. 573. 

. Lignite, Wood coaly 574. 

VOL. VI. 


Dysndil. Paper coaly 575. 

Amber , 576. 

Befinasphalhnn . 577. 

Fossil copal. 57 S. 

Hatchet me , 579. 

Naphtha, 5Sl). # 

Petroleum , 5Sl. 

Elastic bitumen, 5S2. 

Earthy bitumen. Maltha , 5S3. 

Murindo , 584, 

Asphalt urn, 585. 

Bituminous coal, 58G. 

Native. Naphthalincy 587. 

Seherente , 588. 

Xy lorry pt tie, 5K9 

Methte, 590. 

Oxalate of iron , 59 1 . 

(14.) It will readily be discovered by the reader, on 
locking through the preceding* chemical ciassifb nlimi, 
that if he desires to ascertain whether a pa'ticular Mine- 
ral which he sees for the firsl time is included in il, the 
order in which the species arc there placed, even suppos- 
ing them accompanied by their descriptions, does not en- 
able him to do so. Some other arrangement, therelore, 
which for the sake of distinction wc have termed arti- 
ficial, is required tor this purpose. 

The first attempt at an arrangement of Minerals, with 
a view of affording the means of recognising them, is, 
we believe, contained in Aikin’s Manual of Minuah+y, 
and is founded on the effects produced by the blowpipe, 
combined with some other characters. Hut sen ice- 
able as this arrangement might be, it is probable fiom 
the infrequency with which the blowpipe is used by 
Mineralogists, that it 1 ms not atforded tile assistance it is 
capable of rendering. 

(15.) The only other attempt at an artificial nirimge- 
ment of Minerals, founded on their external and physi- 
cal clinraeteis, lor the purposes of identifying and dis- 
tinguishing’ them, which lias been published in this 
Country, is the system of Mohs; that of Weiss, by 
which it is said to have been preceded, not lm\ing to 
our knowledge been printed either lure or in Fiance. 
The system established by Mohs, although imptrtcct hi 
respect to a particular class of crystalline hums, and 
defective in respect to the arrangement of ninny <>l the 
species, which are throwm into appendices to the several 
orders of the system, is said to have fulfilled in a very 
great degree the object for which it was framed, and to 
have enabled his pupils to determine Mineral species 
when firsl piesented to them with a considerable degree 
of precision. The translation which has app« sired in 
this Country, although made by a pupil of Mohs, emi- 
nently acquainted with his subject, and wilting our lan- 
guage with great correctness, is yet not given in so per- 
fect an English dress as to enable the reader at all 
times to comprehend fully the meaning of the author. 
The difficulty, however, which the reader might expe- 
rience from this cause, is nothing in cumpanson with 
that which he has to encounter in the minute analysis 
of the principles of the system, its learned yet repulsive 
nomenclature, and the symbols which represent the 
crystalline forms. Indeed, so formidable have these 
characters of the Work appeared to Mineralogists in this 
Country, that we believe it has had very few, if any 
readers. We, however, give the following abstract of 
the system, stripped of its repulsive appendages. 
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neralogy System OF MoiIS. 

Class 1. Sp.gr. under 3.8. 

No bituminous odour. 

Order 1. Sp.gr 0.0001, 0.0014. 

(i<lf»eoun. 

Not acid. 

2. Sp.gr. 1.0. 

Liquid. 

No odour or taste. 

3. Sp.gr. 0.0015, 3.7. 

Acid. 

4. Sp.jrr. 1.2, 2.9. 

Solid. 

Soluble in water. 

Not acid. 

Class 2. Sp.gr. above 1.8. 

Tasteless. 

Order 1. Non-mctallic. 

Streak uiicoloured. 

Hard. 1.5, 5.0. 

Sp.gr. 2.2, 3.3. 

a. Square or rhombic prisms ; Hard. 4.0 or 

less; cleavage imperfect, oblique. 

b. Cube ; Hard. 4.0. 

c. Single cleavage, bright ; sp.gr. 2.4 or less, 
</. Hard, under 2.5; sp.gr. 2.4 or less. 

e. Hard, under 2.5 ; sp.gr. 2.4 or less ; 
lustre not resinous. 

2. Noil-metallic. 

Streak uiicoloured, or orange yellow 
Hard. 2.5, 5.0. 

Sp.gr. 3.3, 7.3. 

a. Single cleavage ; sp.gr. 4.0 or less, 5.0 

and more. 

b. Lustre adamantine or imperfect metallic ; 

sp.gr. 5.0 and more. 

c. Streak orange-yellow ; sp.gr. 6.0 and 

more. 

d. Hard. 5.0 ; fcp gr. under 4,5. 

e. Hard. 5.0; sp.gr. under 4.0 ; triple cleav- 

age. 

3. Non-metallic. 

Streak uiicoloured. 

Cleavage not single, imperfect. 

Hard. 1.0, 2.0. 

Sp.gr. above 5.5. 

4. Noil-metallic. 

Colour blue , green, brown. 

Cleavage not single. 

Hard. 2.0, 5.0. 

Sp.gr. 2.0, 4.6. 

«. Colour or streak brown; Hard. 3.0 or 
less ; sp.gr. above 2.5. 

6. Streak blue; Hard. 4.0 or less, 

c. Streak uiicoloured ; Hard, under 3.0 ; 
sp gr. 2.2 or less. 

5. Cleavage single, bright. 

Hard. J .0, 4.5. 

Sp.gr. ] .8, 3.2. 

a. Metallic; sp.gr. under 2.2. 

b. Non-metallic; sp.gr. above 2.2. 

c. Rhomboid; Hard. 3.0 and more. 

d . Metallic; sp.gr. under 2.5. 

6* Non-metallic. 

Streak uncolourcd, brown, blue. 

Har'd. 3.5, 7.0. 


Class 2. continued . Mineralogy 

Order 6. continued . 

Sp.gr. 2.0, 3.7. 

a. Cube ; sp.gr. 3.0 or less. 

b. Rhomboid ; Hard. 6.0 ; sp.gr. 2.2 or 

less. 

c . Single cleavage, bright ; Hard. 4.0 or less. 

d. Lustre pearly; Hard, above 6.0; sp.gr. 

under 2.5, or above 2.8. 
c. Lustre not adamantine ; oblique rhombic, 
or doubly oblique prisms ; Hurd. 6.0 ; 
sp.gr, above 3.3. 

f Traces of for in and cleavage ; sp.gr. 2 4 
or less. 

7. Non-metallic. 

No metallic adamantine lustre. 

Streak uiicoloured. 

Hard. 5.5, 10.0. 

Sp gr. 1.9, 4.7. 

a . Hard. 6.0, or less. 

Cube ; sp.gr. 3.0 and more. 

No form or cleavage ; sp gr. 2.4 or less 

b. No pearly lustre, on cleavage planes; 

sp.gr. under 3.8. 

8. No green streak. 

Hard. 2.5, 7.0. 

Sp.gr. 3.4, 7.4. 

а. Metallic ; colour black. 

б. Non-metallic ; lustre adamantine or im- 

perfect metallic. 

c. Streak yellow or red ; Hard, 3.5 and 

more ; sp.gr. 4.8 and more. 

d. Streak brown or black ; liard. 5.0 and 

more ; or single cleavage. 

e. Streak yellow, red, or black ; Hard. 4.5 

or less. 

f Streak uiicoloured ; Hard. 6.5 and more ; 
sp.gr. 6.5 and more. 

9. Metallic. 

Colour not black. 

Hard. 0.0, 5.0. 

Sp.gr. 5.7, 20.0. 

a. Malleable ; colour grey ; sp.gr. 7.4 and 

more. 

b. Malleable ; Hard, above 4.0. 

10. Metallic, 
llurd. 3.0, 6.5. 

Spgr. 4.J, 7.7. 

a . Hard. 4.5 or less ; sp.gr. under 5.3. 

b. Colour yellow or red ; sp.gr. 5.3 or less. 

11. Metallic. 

Colour grey, black. 

Hard. 1.0, 4.0. 

Sp.gr. 4.2, 7.6. 

a. Colour lead-grey ; single cleavage ; sp.gr. 

under 5.0. 

b. Colour lead-grey ; sp gr. above 7.4. 

12. Streak green, brown, red, uncoloured. 

Hurd. 1.0, 4.0 

Sp.gr. 3.9, 8.2. 

а . Metallic ; colour black. 

б. Non-metallic; lustre adamantine. 

c. Streak green ; colour black. 

d. Streak brown, uncoloured ; cube ; sp.gr 

4.0, 4.2. 

e. Streak red ; Hard. 2.5 or less. 

f. Streak red; sp.gr. 4.3 and more. 
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Mineralogy Class 2. continued. 

Order 13. Non-metal lie. 

Colour yellow, red, brown. 

Rhombic prism. 

Hard. 1.0, 2.5. 

Sp.gr. 1.9, 3.0. 

a . Single cleavage ; sp.gr. 3.4 and more. 

b. Streak yellow, red; sp.gr. above 2.1. 
Class 3. Sp.gr. under 1.8. 

a. Fluid ; bituminous odour. 

b. Solid ; tasteless. 

Order l. Hard. 0.0, 2.5. 

Sp.irr. 0.7, 1 6. 

a. Streak uncoloured, sp.gr. 1.2 and more. 

2. Streak brown, black. 

Hard. 1.0, 2.5. 

Sp. gr. 1 2, 1.5. 

We recommend the reader, if he wishes to ascertain 
the real value of this arrangement, to attempt a classi- 
fication of the Minerals he is acquainted with by the 
characters here given, and to compare his result with the 
order in which the several Minerals are placed in the 
translation we have referred to. 

(Hi.) The very hrief descriptions given in the following 
list are all that the space allotted to tl.iis Essay will allow, 
and we must refer the reader to Leonhard’s Hand- 
buck dvr Orycfoxnosic , for the results of Chemical ana- 
lysis; to Wii\\y f n Traitc dc Mincralngie, and to Phillips's 
Elementary Introduction , for figures and measurements 
of Crystals ; and to the " observations’* in Haidmger’s 
translation of the system of Molls, lor much valuable 
JVI mern logical information. 

The alphabetical form we have given to our list, will 
be found convenient for reference. Although, however, 
the leading form of our list is alphabetical, it is also, with 
the exception of the compound silicates, chemically ar- 
ranged according to the bases, by which order the ores 
of each metal are kept together. The reader has thus 
tile two chemical classifications be I ore him. That 
already given from Berzelius being arranged according 
to the acids with a particular view to the theory of 
isomorphism. 

We have deemed it advisable to give single names to 
some of the species that before had only their chemical 
designation, as Calcitc to Carbonate of lime. These 
names have generally been derived from places or per- 
sons, having observed that significant names derived 
from some property or character or theoretical view of the 
substances to which they have been applied, have fre- 
quently led to the mistakes of one substance for another, 
merely because the properly from which the significant 
name was derived, happened to be common to both. 

We observe, in looking at the late editions of Beudanfs 
Mineralogy and Breithaupt’s Carakteristik , that these 
authors also have felt the advantage of denoting Mi- 
nerals by single names ; but they have carried their alter- 
ations very much further than appears to be necessary, 
and they have too frequently followed the exceptionable 
examples before them, of employing a significant nomen- 
clature. 

We have deemed it sufficient to refer specially to the 
Works of Ilaiiy, Phillips, Haidinger, and Leonhard, as 
the reader will find in these ample references to other 
authorities. But we have occasionally found it necessary 
to quote from other books. 

The abbreviations used are the following. 

Ilaiiy. Trait'e dc Mineral ogie, second edition, 1822. 


Phil. Elementary Introduction to Mineralogy, bv Mineralogy 
W. Phillips, 1823, J 

Haid. Treatise on Mineralogy , by F. Mohs, trans- 
lated by W. Haidinger, 1824. 

Leon. Handbuch der Oryctognosie , by K. C. v. 

Leonhard, 1826. 

B.M. British Mineralogy, by J. Sowerby. 

N.J. Nicholson’s Journal , Svo. 

P.M. Philosophical Magazine. 

S.J. Silliinan’s Journal. 

An. Annals of Philosophy. 

An. n.s. Annals of Philosophy , New Scries. 

P.M. and An. Philosophical Magazine and Annals . 

P.M.andJ.S. Philosophical Magazine and Jour- 
nal of Science. 

K.P.J. Edinburgh Philosophical Journal. 

E.P.J. n.s Edinburgh Philosophical Journal , Niw 
Scries . 

E.J.S. Edinburgh Journal of Science. 

E.J.S. n.s. Edinburgh Journal of Science, New Series. 

QJ.S. Quarterly Journal of Science. 

Lucas. Tableau den E sprees Mine rales, 1813. 

Gal. Recueil Mineralogiq ms par te. Prince Dimitri 
de Gallizin. 

The Mincralngical student will find much useful 
matter in the Treatises oil Mineralogy hy Kirwnn, Jame- 
son, Aikin, Cleaveland, and those of later writers ill 
France and Germany. 

We have followed Mohs in the numbers which express 
the degree of hardness (Hard.) of Minerals, his scale 
being as follows. 

1. Green talc, 6. Adularia. 

2. Gypsum. Rock salt. 7. Quartz. 

3. Carbonate of lime. 8. Topaz. 

4. Fluorspar. 9. Corundum. 

5. A! uitite. 10. Diamond. 

But we are persuaded that this character requires to 
be much more accurately ascertained than it has hitherto 
been, and by a more strict method of comparison than 
merely passing a knife or file over the substance, and esti- 
mating its hardness by the degree of resistance it appears 
to olFer. 

Alphabetical List of Minerals. 

Ac white. EuchysiderUe. No. 267. 

Haul. 3.67. Leon. 513. 

Has the form, cleavage, and measurement of Pyrox- 
ene. Hard. 6.0, 6.5. Sp.gr. 3.24. Nearly opaque. 

Lustre vitreous. Colour brownish-black. Streak 
yellowish- grey. 

Found at Eger in Norway. 

Alvminj , 

Fluate. of Alumina . 
a. Fluellitr. No. 513. 

Sowerby, Brit. Min. 3.83. 1807. An. 8.242. ITaid. 

3. 101. Leon. 739. 

Occurs in attached octahedral crystals. 

Primary form, a Right rhombic prism. Cryst. fig. 

71. M,M'=105°. Transparent Colour white. 

Found at Stenna Gwyn, Cornwall. 

Hydrate, of Alumina, 

a . Diaspore. No. 153. 

Haiiv, 2.163. Phil. 78. Haid. 3.92. Leon. 228. 

Occurs in amorphous masses, with a thin columnar 
structure, the crystals crossing in every direction. 

3 r2 



47ft 


M INERALOGY. 


Mineralogy Primary form, accoiding to Phillips, a Doubly oblique 
prism Ciivst fig ‘.>5. P,\i =. 108° 30'. P.T— 
101° -20'. M,T zir 64' J 54'. Sp.gr. 3.43. Sightly 
• translucent. Lustre vitreous. C ulour slightly gieen- 

Lh-grey, ami yellowish-brown. 

Locality unknown, but supposed to have come from 
the lliuliuti mountains. 
b, (iimisiTE. No. 152. 

Phil. 71). I laid. 3. 103. Leon. 740. 

Occurs in irregular stalaetilical and tuberculntcd 
masses. Structure fibrous, radiating. Hard. 3.0, 
3 5. Sp gr. 2.4. Slightly translucent. Nearly 
dull. Colour greenish or greyish-white. Streak 
white. 

round at Richmond, Massachusetts, North America. 
r. Cai.wtf. Agaphite. John He. 

Mimral Timpnnse. No. 500. 
llaiiy, 4.510. Phil. 70. Maid. 3.83. Leon. 135. 
Occm s in rcmfoim nodules and aiuorplioiis masses, 
and in thin veins. Slriietme eoinpiu t. Fracture 
conclinidal. Hard. 0.0. Spgr. 2.8, 3.2. Opaque. 
Colour .sky-blue and bluish-" reen Streak white. 
Found in alluvial clay and in trap lock in Khurasan 
in Persia. 

Mi tlale of Alumina, 
a. AT r i. lit i«:. Homy stow*. No. 590. 

llaiiy, 4.145. Plul. 374. Maid 3.50. Leon. 790. 
Occurs in attached and imbedded crystals, and small 
imbedded nodules or giains. 

Primary form a Square prism. Ciiyst. fig. 65. Cleav- 
age very indistinct parallel to the planes a , fig 00. 
Fracture eonohoidal. Hard, 2.0, 2 5. Sp.«»r. 

1.597. Transparent, translucent. Lustre, vitreo- 
resinous. Colour honey-yellow, sometimes reddish 
or hmvvnish. Streak white. 

Found attached to and imbedded in bituminous wood, 
principally at Artern in Thuringia. 

Nalirc Alumina . 
a. CnilUNOUM. 

The blue transparent varieties are the Sapphire ; the 
led, oriental Ruby; the purple, oriental Amethyst; 
the yellow, oriental Topaz ; the opaque, adamantine 
spar; the granular, Kmerv. No. 145. 
llaiiy, 2. 70. Phil. 7 1. Haul! 2. 199. Leon. 535. 538. 
Occurs hi imbedded crystals and massive. 

Piimary form a Rhomboid. Ciiyst. fig. 100. P.P'= 
80° 4'. Cleavage paiallel to P, and perpendicular 
to the axis. Fracture uneven. Hard. 9 0. Sp.gr. 
3.91, 3.98. Transparent, translucent, opaque. Lus- 
tre vitreous. Colour white, grey, blue, green, yel- 
low, red, brown. Streak white. 

Massive varieties , amorphous. Structure perfectly 
crystalline, or granular and compact with a splintery 
fracture. 

l*miud in India, China, North America, in Europe 
chiefly at St. (lot hard and in Piedmont. 

Alumina , with silica and carbon . 
a. Rotten Stone. No. 14G. 

Phil. 50. 

Occurs massive. Fracture uneven. Soft, fine earthy, 
soils the fingers. Opaque. Dull. Colour greyish, 
reddish, and blackish-brown. Fetid when rubbed 
or scraped. 

Found near Rakcwcll in Derbyshire, and at Albany 
near New York. 

Phosphate of Alumina, 
a . Wavellite. Las ionite. No. 497 


llaiiy, *2.101. Phil. 146. Haul. 3.169. Leon. 133. Miueralog* 

Occurs in globular concretions, formed of slender v * 1 '• 

crystals radiating from the centre of the globules, 
with imperfect terminations, producing a drusy sur- 
face. Primary lorm of the crystals a Right rhombic 
prism. Ciiyst. fig. 71 . M.M'= 122° 15'. Cleav- 

age parallel to the lateral planes, and the greater 
diagonal of the prism. Hard. 3.5, 4.0. Sp gr. 

2.3, 2 7. Translucent. Lustre vitreous, some- 
times pearly oil the cleavage planes. Colour nearly 
white, grey, brown, yellow, green, of various shades. 

Found near Rarnslaple, in Devonshire; very rarely 
near St. Austle, Cornwall; in Ireland, Germany, 
and Rrazi). 

VhosphaU of Alumina and Ammonia. 

a. Mauritcitk. No. 498. 

An. deCh 21.1 SR. Leon. 783. 

A white earthy substance Iroin the Tsle of France, 
differing from the preceding Phosphate in the pro- 
portions of its constituent paits. 

Silicate of Alumina. 

a. K vanity. Cuanite. DtMhrne. llhecfizitr. No. 181. 

llaiiy, 2. 357.° Phil. 81. Maid. 2. 213. Leon. 4l)6. 

Occurs in columnar imbedded crystals and massive. 

Piimary lorm a Doubly oblique prism, P,M = 93° 15'. 

P,T= 100° 50'. M/r = 100° 15'. Cleavage parallel 
to T very distinct ; less so parallel to M ; paiallel 
to P indistinct. Fracture uneven. Haul. 5.U on 
plane T, 7.0 on the edges and solid angles. Sp.gr. 

3.0, 3 075. Transparent, translucent. Lustre 
vitreous, peaily on T. Colour white, bluish-grey, 
blue, pale bluish-green, yellow. Streak white. 

Massive varieties. Aggregation of crystals promis- 
cuously intersecting each other, sometimes very 
long, and occasionally so short and small as to ap- 
pear large granular. 

Found at St. (iothnrd in large crystals, in Scotland, 
and many other parts of Europe, and in Noith 
and South America. 

b. Siu.imaniie, No. 182. 

Haul. 3.153. Leon. 409 

Occurs in imbedded columnar rhombic prisms, of 
about 1()G° 30'. [laid. 

Cleavage paiallel to the long diagonal. Fracture 
splintery. Hard. 8.0, R.5. Sp.gr. 3.41. Nearly 
opaque. Lustre on the cleavage plane nearly ada- 
mantine. Colour dark brownish-grey. 

Found at Say brook, Connecticut, North America. 

It approaches very nearly to Kyanilc in its form 
and composition. 

c. Buciioi.zite, No 183, 

Phil. 109. Leon. 4u9. 

A fibrous substance from the Tyrol analyzed by 
Braudes. It is described as amorphous. Cioss 
fracture imperfectly conchoidal. Hard, about 0 0. 

Slightly translucent. Lustre resiuous. Colour 
yellowish and greyish-white. 

One or two other fibrous Minerals apparently different 
from this have passed under this name. The com- 
position of the substance analyzed by Braudes is 
nearly the same as that of Kyanitc, and it may have 
been a fibrous variety of that Mineral. 

d. Fvbrolite, No. 184. 

Phil. 80. Haid. 399. Leon. 

Occurs in small fibrous masses. Hard. 7.5. Sp.gr. 

3.214. Translucent, colour greyish-while. 

Found in India and China accompanying Corundum, 
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Fibrous varieties of Epidote, Kyauite, and other 
substances have passed under this name, and the 
composition of Bourn on's Fibrolitc is very nearly 
the same as that of Kyunitc. 

Anoalusitf., No. 185. 

Hatty, 4. 486. Phil. 108. Haid. 2.293. Leon. 404. 

Primary form a Right rhombic prism. M,M' = 90° 
40', measured on a transparent variety from North 
America. Cleavage parallel MM'. Fracture un- 
even, conchoidal. Hard. 7.5. Sp.gr. 3.104. Trans- 
parent to opaque. Lustre vitreous. Colour flesh- 
red to brownish and greyish-red. 

Found generally in mica slate in Spain, France, and 
other parts of Europe, and lately in Ninth America, 
in partially transparent crystals imbedded in quartz. 


Hydrous silicates of alumina. A very uncertain senes, 

several of which arc , probably , only accidental mix- 

lures in variable and indefinite proportions. 

a . Pii ola rite, No. Ib7. 

K J S. (3.301. Leon. 707. 

Occurs in small, convex, nacreous scales. 

Soil, friable. Colour while. Adheres to t lie tongue. 

Found in the coal ibrmations of Fins, Department 
Allier, France. 

b. Alloimiane, No. 199. 

Phil. 88. Haid. 3.09. Leon. 183. 

Occurs iu globular, reuiform, and botryoidal masses. 
No cleavage. Fracture conchoidal. Hard, nearly 
3.0. Sp gr. I.b5. Transparent, translucent. Lus- 
tre vitieous. Colour blue, green, blown, of several 
shades. 

Found in limestone in Thuringia, at Schnecberg in 
Saxony, and probably in Derbyshire. 

Some specimens, received in this Country under the 
name of Allophaue, may be cleaved paiabel to the 
planes of a rectangular solid, and are probably an- 
other Mineral. 

c. Lenzinite. Waller it e , No. 1S9. 

Phil. 87. Leon. 179. 

Occurs in compact and earthy masses of \arious sizes. 

Compact. Fracture conchoidal. Hard. 1.5. Sp.gr. 
2.10. Transparent on the edges. Neatly dull. 
Colour yellowish milk-white. Streak shining. Feels 
rather greasy. In water it separates with noise 
into small fragments. 

l'.arthy. Fracture earthy. Soft. Sp gr. 1.80. Slightly 
translucent, opaque. Dull. Colour snow-while. 
Streak shining. 

Found at Kull in Eifeld. 

d. Halloysite, No. 190. 

E.J.S. 6. 183 

Occurs in nodular masses. Structure compact. Frac- 
ture conchoidal. Neaily opaque. Lustre waxy. 
Colour bluish and greyish-white. Streak shining. 
Adheres to the tongue. 

Found in the neighbourhood of Liege and Namur. 

The analysis of ibis substance corresponds so nearly 
with that of Lenzinite as to leave little doubt of its 
being the same Mineral, but of a different colour. 

e. Sieve kite, No. 191. 

Phil. 87. 

Occurs in small masses, nearly resembling Litlio- 
inarge. Fracture uneven. Hard. 1.0, 15. Slightly 
translucent. Dull. Colour white. Streak shining. 

Found near St. Sever iu France. 

f Fuller’s Earth, No. 192. 


Phil. 52. Haid. 3.182. 

Occurs massive iu beds of considerable thickness. 
Fracture uneven, earthy. Soft. Sp.gr. I.s, o.:i. 
Opaque. Dull. Colour greenish-brown, dml grey- 
white. Streak shining. Feels creasy. 

Found ill England, principally at NuiliHd in Surrey, 
and in Stiria, Saxony, and some other places in 
Europe. 

g. Ci mo Lite, No. 193. 

Phil. 54. Leon. 729. 

Occurs in amorphous earthy masses, structure rather 
slaty. Fracture uneven, earthy. Soil. Spgr. 2.0, 
Opaque. Colour greyish-white. 

Found in the Island of Cimola, near Argentcria. 
Used for the same purposes to which Fuller’s eaitli is 
applied. 

h. Aaalmatolite. Uilddvin. Lardite. Wagodite. 

No. 191. 

Phil. 119. Haid. 3.100. Leon. 169. 

Occurs massive. Fracture coarse, splintery. Soft. 
Sp.gr. 2.8. Slightly translucent. Colour w bite to 
brown, rather pale and dull. Streak shining. Unc- 
tuous to the touch. 

Found iu China, Transylvania, Saxony, and in Wales. 
Cut into various figures by the Chinese, and seldom 
brought to this Country in any other state. 

i. Litiiom aiui e. Stein mark , No. 195. 

Hatty, 4.55S. Phil. 52. Haid. 3. 1 S3. Leon. lS(>. 
Occurs massive. Spheroidal. Structure compact. 
Fracture large, conchoidal. Soft. Sp.gr. 2.2, 2.5. 
Opaque. Dull. Colour white, grey, red, yellow, 
blue. Streak shining. Adheres to the tongue. 
Unctuous to the touch. 

Found in Saxony, and some other parts of Europe. 

A friable variety is found at Khicnfmdciidurf in 
Saxony. 

k Bole, No. 196. 

Phil. 53. Haid. 3.179. Leon. 191. 

Occurs massive. Structure compact. Fracture enn- 
chnidul. Soft. Spgr. 1.1, 2.0. Nearly opaque. 
Nearly dull. Colour luownish -black, red, yellow. 
Streak shining. Feels greasy. Adheres to th_* 
tongue. 

Found in many places in trap rocks. 

Several very different substances appear to have passed 
under this name, and it is doubtful if any one of 
them is correctly represented by the preceding de- 
scription, yet we give it upon the authorite.s quot'd. 
1 . Mountain soap. No. 197. 

Phil. 53. Haid. 3.164. Leon. 192. 

Occurs massive. St met ure compact. Fracture fine 
earthy. Sectilo. Opaque. Dull. Colour light 
brownish-black. Streak shining. 

Found at Olkner in Poland. 

7/1. Lem man rurru. Terra sigillala, No. 198. 

Phil. 54. Leon. 191. 

Occurs massive in the Isle of Lemnos. Fraclmc 
earthy. Soft. Opaque. Dull. Colour dull yellow- 
ish-grey and greyish-white. 

An uncertain species. 

9i. Kollyrite, No. 199. 

Phil. 88. Leon. 752. 

Occurs massive, appearing like a tenacious white clay. 
When dry it splits into columnar masses like 
starch. 

Found at Weisscnfcls in Thuringia. 

The siliciferous Hydrate of Alumina, found in (be 
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b. Alum-stone. TolfaiLc , No 563. Mineralogy 

Hauy, 2.128. Phil. 196. Iiuid. 2.67. Leon. 131. 

Occurs in attached crystals and massive. 

Primary foim a Rhomboid. Cryst. tig. 106. P,l >f 
= 92° 50'. Cleavage purallel to the primary 
planes, and more distinctly perpendicular to the axis. 

Fracture uneven. Hard. 5.0. Sp.gr. 2.7. Trans- 
parent, translucent. Lustre vitreous. Colour pale 
greyish and reddish-white. Streak white. 

Massive varieties, amorphous, structure granular, 
compact. 

Found at Tolfa, near Rome, in Tuscany, Naples, 

Hungary, and occasionally in the neighbourhood 
of active volcanoes. 


Pyrenees and analyzed by Berthier, probably be- 
longs to this species. 

O. SCAIlURiUTE, No. 203. 

P.M. and Ail. 5. 178. 

Occurs as veins in the beds of sandstone covering 
the calcareous rock at Scarborough. 

Fracture couchoidal. Hard, about 2.0. Sp.gr. about 
1.1S. Opaque. Dull. Colour white. Streak shining. 
Adheres to the tongue. Strong earthy smell when 
hi cal lied upon. Docs not become translucent, nor 

fall to pieces in water. 

p. Kaolin. Porcelain Clay , No. 201. 

Phil. 51. Leon. 185. 

Occurs massive and disseminated in decomposed gra- 
nite roc ks. Fracture line earthy. Soft. Sp.gr. 2 2. 
Opaque. Dull. Colour yellowish and reddish-white. 

Found in France, near Limoges and near Bayonne, 
and mi Sa\i n\, Knglum), China, and other places. 

q. Ci.ay, Xo. 202. 

Phil. 55.5(1. fluid 3. 180. 

Occiiis massive. Structure earthy. Fracture uneven. 
Soil. Sj>. gr. l.K. 2.8. Opaque. Dull. Colour 
while, grey, brown, red, 5 el low, &c.. of various 
shades, and striped, spotted, &c. Streak sinning. 

Found in all parts* of the world. 

The ClaysLones and Slates usually introduced into 
Catalogues of Minerals, appear too variable in their 
composition to admit of any distinct classification, 
and belong more properly to the geological scries 
of rocks. 

Stliciferous Sulphate of Alumina. 

a. Oi uHAiuiT *, No. 562. 

An. I 1.131. 

Massive, and of the consistency of hog’s-lard. Trans- 
lucent. Colour, snow and milk-white. Taste, sub- 
acid. When exposed to the air, it dries and splits 
into long thin masses like starch, some of which are 
translucent and resemble gum arahic. 

Found in a coal mine near Oldham in Lancashire. 

Sulphate, of Alumina. 

a. Webstkiutb. Hallite, No. 557. 

Phil. 14.5. fluid. 3.70. Leon. 130. 

Occurs in roundish or reniform masses, generally small. 
Fractme earthy. Soil, friable. Sp.gr. 1.7. Occa- 
sionally translucent, generally opaque. Colour 

white, sometimes yellowish. Streak white. 

Found at Halle, in Prussia, in clay, and at New- 
haven, Sussex, in limestone. 

b. Davite, No. 558. 

O J. n s. 3.3S2. Leon. 433. 

Occurs massive. Structure fine fibrous. Lustre 

silky. Colour white. Taste highly astringent. 
Very soluble. 

Found near a warm spring which contains sulphuric 
acid, near Bogota, in Columbiu. 

Sulphate of Alumina and Potash. 

a. Alum, No. 559. 

Haiiy, 2.114. Phil. 196. Haul. 2.50. Leon. 107. 

Occurs as an efflorescence, and sometimes in stalac- 
tites and fibrous masses. 

Primary form a Cube. Ciiyst. tig. 56. Cleavage 
parallel to the planes of the regular octahedron, 
indistinct. Fracture conchoidal* Hard. 2 . 0 , 2 . 5 . 
Sp.gr. 1.75. Transparent, translucent. Lustre 
vitreous. Colour yellowish or greyish-white. Streak 
white. Taste astringent, sweetish. 

Found in many parts of Europe. 


Amblyuonite, No. 501. 

Phil. 198. Haul. 3.70. Leon. 283. 

Occurs massive. 

Cleavage parallel to the lateral planes of a rhombic 
prism of about l<)5°45\ and indistinctly oblique 
to its axis. Fracture uneven. Hard. 6 . 0 . Sp.gr. 
3.04. Translucent. Lustre vitreous, inclining to 
pearly. C olour greenish-while. Streak white. 

Found near Chursdorf in Saxony, in Granite, accom- 
panying Tourmaline and Topaz. 

Ammonia. 

Muriate of Ammonia, 
a . Sal Ammoniac, No. 60. 

Haiiy, 2.221. Phil. 194. Maid. 2.39. Leon. 587. 

Primary form a Cube. Ciiyst. fig. 56. Cleavage pa- 
rallel to the planes of the octahedron. Fracture 
conchoidal. Hard. 1.5, 2 . Sp.gr. 1.528. Trans- 
parent to opaque. Colour white, grey, greenish, 
yellowish, and brownish. Lustre vitreous. Taste 
saline and pungent. 

Massive varieties , stulactitic, botryoidal and reniform, 
with a fibrous structure, and occasionally in crusts. 

Found in the neighbourhood of active volcanoes, and 
occasionally in other situations. It sometimes oc- 
curs in the beds of coal near Newcastle. 

Sulphate, of Ammonia, 
a. Mascaonin, No. 523. 

Phil. 194. Maid. 3.125. Leon. 127. 

Stulactitic and efflorescent. Semitransparent to opaque. 
Colour yellow and yellowish-grey. Taste acrid, 
bitter. 

Found in the neighbourhood of volcanoes. 

A At pm 1 dole, consisting of the following varieties:— 

Com?non Hornblende , colour dark green or greenish- 
black. 

Basaltic Hornblende. 

Foliated A agile of Werner. 

Blue Hyperstene of Giesecke. 

Green Dial l age of Hauy; Smaragdite. 

Pargasite. in short green crystals. 

Aclynoltte; the crystals green, slender, and sometimes 
radiating. 

Trcmohle ; Catamite; Gramma tile ; colourless or 
green, or pink, or brownish-grey, generally im- 
bedded in dolomite, frequently fibrous, and some- 
times radiating 

A mi a n i ho ide ; liyssolite. 

Amianthus. Asbestos. No. 275 to 278. 

Hauy, 2.372. 454. 481. Phil. 63. 71. Haid. 2.271. 
Leon. 493. 
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Primary form an Oblique rhombic prism. P,M rr 
103° 13' M,M' =r 124° 30'. Cleavage parallel to 
MM', and less distinctly to the planes of modifica- 
tion h and k. Fracture uneven. Hard. 5.0, 6.0. 
Sp.gr. 2.93 to 3.2, or according to Phil. 3.6. Trans- 
parent to opaque. Lustre vitreous, sometimes 
pearly. Colour white to black. Si reak greyish. 

Massive varieties differ considerably in structure ; 
from slaty to columnar and fibrous ; the fibres 
sometimes, as in amianthus, being silky and 
flexible. 

Found in all parts of the world, and in various geo- 
logical positions. 

Ampeute. Black Chalk , No. 203. 

Phil. 55. Haiti. 3.181. 

Occurs massive. Structure fine granular, slaty. Frac- 
ture fine earthy Soft. Sp.gr. 2.11, 2.18. Opaque. 
Dull. Colour black. Streak rather shining. 

Found in several parts of Europe in rocks of clay- 
slate. 

Analcime. Cubicite t No. 210. 

Ilaiiy, 3.170. Phil. 129. [laid. 2.227. Leon. 202. 

Occurs in attached and imbedded crystals. Primary 
form a Cube. Oryst. fig. 56. C leavage parallel 
to P indistinct, interrupted. Fracture uneven. 
Hard. 5.5. Sp.gr. 2.068. Transparent to trans- 
lucent. Lustre vitreous. Colour white, sometimes 
greyish and reddish. Streak white. 

Found in several parts of Scotland, and in many 
different places in other Countries, chiefly in ba- 
saltic and ainygdaloidal rocks. 

Anoiituite, No. 228. 

Haul. 3.71. Leon. 432. 

Occurs iu attached crystals. 

Piimary form a Doubly oblique prism, Cryst. fig. 
95. |\\1 =94° ; P,T=110°50'; M f T=ll7° 42'. 

Cleavage parallel to P and T. Fracmre concho idal. 
Hard. 6. Sp.gr. 2.76. Transparent to translu- 
cent. Lustre vitreous, and on P and T rather 
pearly. Colour white. Streak white. 

Found in cavities in masses of Limestone, ejected 
from Vesuvius. 

Antiiophyllitk, No. 304. 

Hatty, 2.600. Phil. 69. Haid. 2.211. Leon. 514. 


432. 


Occurs in crystalline masses, with a fibrous colum- 
nar structure. 

Cleavage parallel to the lateral planes of a Rhombic 
prism of 125°, and to both its diagonals, the bright 
plane being parallel to the greater diagonal, and 
another impelled cleavage transverse, and appa- 
rently perpendicular to the axis of the prism. 

Fracture uneven. Hard. 5.0, 5.5. Sp.gr. 3.2, 3.3. 
Translucent. Lustre pearly, and inclining to Me- 
tallic. Colour yellowish-brown. Streak white. 

Found in beds of mica slate at Kongsberg and 
Modutn in Norway. 


Antimony. 

Arseniuret of Antimony ? 
a. Arsenical Antimony, No. 38. 

Leon. 719. 

Occurs in botryoidal forms. Structure scaly. Frac- 
ture granular. Sp.gr. 6.2. Opaque. Dull. Co- 
lour tin-white. 

Found at Przibrain in Bohemia. 


Native Antimony . Mineralogy 

Native Antimony, No. 25. 

Haiiy, 4.79. Phil. 329. Haid. 2.426. Leon. 684. 

Occurs in reniform or amorphous masses, with a gra- 
nular structure, the grains being crystalline and 
differing considerably in size. 

Primary form ft Rhomboid. Chyst. fig. 106. P.P'n 
117° 15', as inferred from cleavage, no regular 
crystals having yet been observed. Hard. 3.0, 3.5. 

Sp.gr. 6.646. Opaque. Lustre metallic. Colour 
tin-while. Streak the same. 

Found in veins traversing ancient rocks, at Rnhl- 
berg in Sweden, at Allemont in Dauphiny, and at 
Andreasberg in the Hartz. 

The arseniferous native antimony appears to be an 
accidental mixture of arsenic with native antimony. 

Oxide of Antimony, 
a . White Antimony. No. 409. 

Hatty, 4 308. Phil. 331. Haid. 2.251. Leon. 335. 

Occurs in attached crystals and massive. 

Primary form a Right rhombic prism. Cryst. fig. 

71. M,M'=136 d 58'. Cleavage parallel to M,M'. 

Lustre adamantine. Fracture indistinct. Hard. 

2.5, 3.0. Sp.gr. 5.566. Translucent. Colour 
white, sometimes reddish or greyish. Streak white. 

Massive variety % earthy, investing sulphuret and native 
antimony, and apparently produced by the decom- 
position of those Minerals. 

Found in Bohemia, Saxony, Hungary, and France. 

Suf pint ret uj Antimony. 

a. Grey An i imony. No. 93. 

Haiiy, 4. v91. Phil. 329. Haid. 3. 23. Leon. 605. 

Occurs in attached and aggregated crystals and 
massive. 

Primary form a Right rhombic prism. Cryst. fig. 

71. M.M' = 90° 45'. The crystals sometimes 
capillary ami flexible, like silky fibres. Cleavage 
parallel to diagonal of the prism. Fracture un- 
even. Hard. 2.0. Sp.gr. 4.62. Opaque. Lustre 
metallic. Colour between lead and slcel-grev, fre- 
quently with a yellow and blue tarnish. Streak the 
same. 

Massive varieties , amorphous, structure large fibrous, 
foliated, compact. 

Found iu Hungary, France, England, Scotland, the 
Hartz, Saxony, and other places. 

b . Black Antimony i No. 94. 

Leon. 719. 

Occurs as a black powder in cavities in Horustoue. 

Found at Joachimsthal in Bohemia. 

Sulphuret of Antimony and Nickel, 
a. Hartmann ite, No. 96. 

Haid. 3.131. Leon. 615. 

Occurs in imbedded crystalline particles and masses. 

Primary form, according to Huidiugcr, a Cube. Crvst. 
fig. 56. Cleavage parallel to P. Fracture uneven. 

Hard. 5.0, 5.5. Sp.gr. 6.451. Opaque. Lustre 
metallic. Colour whitish steel-grey. Streak the 
same. 

Massive variety , amorphous. Structure granular. 

Found in the Principality of Nassau. 

Sulphuret of Antimony , Lead, and Iron, 
a. Jamesonite, No. 101. 

Haid. 3.26. Leon. 748. 

Occurs iu attached crystals and massive. 

Primary form a Right rhombic prism. Cryst. fig. 

71. M,M' = 101° 20' nearly. Haid. Cleavage 
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Mineralogy parallel to Pdistinct, less so parallel to M. Fracture 
very indistinct. Hard. 2.0, 2.5. Sp.gr. 5.564. 
Opaque. Lustre metallic. Colour steel-grey, some- 
time?* durk. Streak the same. 

Massive variety , amorphous. Structure large to small 
tibrous. 

Found in Cornwall and in Hungary, and probably 
in other places, where it has been considered a 
sulphurct of antimony. 

Sulphurct of Antimony and Lead, 
a. Zinkknitp., No. 99. 

K.J.S. G.17, 358. 

Occurs in attached crystals, said to be regular hexa- 
gonal prisms, and massive. 

Piimary form a Hhomboid. Ciiyst. fig. 106. l\l v 
uncertain. No cleavage. Fracture uneven. Hard. 
3.0, 3.5. Sp gr. 5.303. Opaque. Lustre me- 
tallic, bright. Colour steel-grey. Streak the same. 

Found at \V oil's hen* in the Hart/. 

Sulphurct of Antimony and Iron, 
a . Bkhiiiikri rn, No. J0*2. 

K.J.S. 7 353. 

Occurs in confused laminated masses, or elongated 
imbedded prisms, resembling grey antimony. Co- 
lour dark steel grey inclining to brown. 

Found at Chazclles in A morgue. 

Oxi sulphurct of Antimony, 
a . Red Antimony, No. 410. 

Hatty, 4.311. Phil. 331. fluid. 3.36. Leon. 608. 

Occurs in thin, acicular crystals, generally radiating, 
.sometimes promiscuously aggregated. 

Primary form, according to Phillips, a Sijuare. prism, 
and according to Haidinger an oblique rhombic 
pi ism. One bright cleavage, and others less dis- 
tinct. Hard. 1.0, 1.5. Sp.gr. 4.5. Translucent. 
Lustre adamantine. Colour dull red. 

Found at Riautisdorif in Saxony, in Hungary, 
France, and in the llarlz. 

Ai'I.omp., No 296. 

H any, 2 538. Phil. 29. Ilaid. 2.364. Leon. 491. 

Occurs in attached and imbedded dodecahedral crys- 
tals. 

Primary form a Cube. Cr.yst. fig. 56. Surfaces of 
the Dodecahedron striated parallel to the edges of 
P. Cleavage imperfect parallel to P. Fracture 
uneven. Haul. 7.0, 7.5. Sp.gr. 3.444. Trans- 
lucent, opaque. Lustre vitreo-rcsiiious. Colour 
yellowish-brown. 

Found in Saxony, Bohemia, Siberia, and in small 
crystals in England. 

Ai*optivt.i.iTK. A thin. Ichthyopthalmile. Tesselite. 

Oxahveritc , No. 204. 

Hatty. 3.191. Phil. 110. Ilaid. 2 245. Leon. 213. 

Occurs in attached crystals and massive. 

Primary form a Square prism. Cryst. fig. 65. 
M,« = 109° 40'. Cleavage purallel to P, perfect; 
less so parallel to M. Fracture uneven. Hard. 
4.5, 5.0. Sp gr. 2.46. Transparent, translucent. 
Lustre vitreous. Colour white, occasionally with a 
yellowish, greenish, or reddish tinge. Streak white. 

Massive variety , amorphous, structure laminar. 

Found in the cavities of trap rocks, and occasion- 
ally in beds of the older formations, in the Fa- 
roe Islands, in India, Sweden, Norway, the Bro- 
mart, Bohemia, and some other places. The Oxah- 
verile from Oxahver in Iceland. 


Arfwedsonite, No. 279. Mineralogy 

Phil. 377. Ilaid. 3. 73. Leon. 497. s — v— 

Occurs massive amorphous. No crystalline form ob- 
served. 

Cleavage parallel to the lateral planes, and both the 
diagonals of n Rhombic prism of 123° 55'. Frac- 
ture uneven. Hard. 5.0, 5.5. Sp.gr. 3.44. Opaque. 

Lustre vitreous. Colour black. 

Found in Norway, and in Greenland associated 
with Socialite. 

A USES 1 C. 

Native Arsenic, 
a. Native Arsenic, No. 27. 

Hatty, 4.236. Phil. 275. Haul. 2.423. Leon. 676 

Occurs in reniform stalactitic and amorphous masses, 
frequently in parallel layers. Structure fine gra- 
nular. Fracture uneven. Hard. 3.5. Sp gr. 

5.766. Opaque. Colour of fresh fracture greyish- 
tin-w hite, which afterwards becomes greyish-black. 

Streak shilling. 

Found in several parts of Saxony, in Bohemia, the 
Hartz, France, Norway, Transylvania, and other 
places; generally iu metallic veins. 

Oxide of Arsenic, 
a. Oxide of Arsenic, No. 465. 

Hatty, 4.241. Phil. 375. Haid.2.26. Leon. 333. 170. 

Occms in attached octahedral crystals and massive. 

Primary form a Cube. Cn\sr. fig. 56. Cleavage 
purallel to the planes of the octahedron. Frac- 
ture conclioidal. Sp.gr. 3.7. Translucent, 
opaque. Lustre nearly adamantine. Colour white, 
occasionally yellowish. Streak white. Taste sweet- 
ish astringent. 

Massive varieties. , reniform, bntryoidal, stalactitic, and 
amorphous. 

Found accompanying native arsenic in many mineral 
veins, and produced from the decomposition of other 
Minerals. Is soluble in water and a violent poison. 

Red Sulphurct of Arsenic, 
a. Re ai.u a it, No. 108. 

Hatty, 4 247. Phil. 277. Ilaid. 3.49. Leon. 602. 

Occurs iu attached crystals and massive. 

Primary form an Oblique rhombic prism. Ciiyst. 
fig. 83. P,M ^=101° G\ TVI,M'= 74° 15'. Cleav- 
age parallel to P and M. Fracture conclioidal. 

Hard. 1.5, 2.0. Sp.gr. 3.556. Transparent, opaque. 

Lustre resinous. Colour red. Streak orange- 
yellow. 

Massive varieties , amorphous, structure granular. 

Found principally iu Hungary and Transylvania, 
also in Saxony, Bohemia, and some other places. 

Yellow Sulphurct of Arsenic, 
a. Orpimf.nt, No. 109. 

Hatty, 4.247. Phil. 277. Ilaid. 3.47. Leon, 599. 

Occurs in imbedded imperfect crystals and massive. 

Primary form a Right rhombic prism. Crvst. fig 
71. M,M' =. 100°. Cleavage parallel to the 
greater diagonal of the prism. Fracture uncer- 
tain. Hard. 1.5, 2.0. Sp.gr. 3.480. Translucent. 

Lustre resinous. Colour yellow. Streak paler 
yellow. 

Massive varieties , botryoidal, reniform, nodular, some- 
times granulur, the structure of the grains or 
masses foliated, and the lamina very flexible 

Found in most of the districts which yield the red 
sulphurct, and is like that used as a pigment. 
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Mineralogy AuRALlTE, No. 330. 

Occurs in apparently hexagonal prisms in felspar at 
Abo in Finland. Opaque. Colour dark brown. 
Axinite. Thumite. Yanotitc , No 430. 

Hatty, 2.559. Phil. 43. IIai«l. 2.341. Leon. 454. 

Occurs in attached and imbedded crystals, and 
massive. 

Primary form a Doubly oblique prism. Cryst. fig;. 
95. P,M- 134° 40'. 1\T = 1 1 5° 17'. M,T = 

135° 10'. Fracture uneven. Hard. 6.5, 7.0. 
8p.gr. 3.27. Transp .rent, translucent. Lustre 
vitreous. Colour bluish, greyish, reddish-brown, 
of several shades. Streak white. 

Mas five varieties, amorphous, structure lamellar, gra- 
nular. 

Found in Dauphiny, and at Botallack in Cornwall, 
and in other places. 

AzuriG Gas, No. 44. 

Is f,aid to be contained in the Bath hot springs, and 
'to rise with the vapour from the public bath. 
Azitiute. Klaproth itc. Tyrol Hr. Voroulife t No. 499. 

Many, 3.54. Phil. 94. Haiti. 2.390. Leon. 1 36. 

Occurs in attached crystals and massive. 

Primary form a Bight rhombic prism. Cryst. fig. 71. 
M.M' = 121° 30'. Clea\agc indistinct. Fiacture 
uneven. Hard. 5.0, 5.5. Spgr. 3.056. Trans- 
lucent, opaque. Lustre \itrcous. Colour blue 
Streak white. 

Masiivc varieties, amorphous, structure granular. 

Found in Salzburg, ami iu rolled crystalline masses 
in Brazil. 

AMPimnKT.iTK, No. 331. 

A Mineral found in Finland, having the form, cleav- 
age. and colour of Latrobite. 

B'iKinuton j n:, No. 33:?. 

U iid. 3.75. Leon. 721. 

Occurs in attached crystals. 

Primary form a Doubly oblique prism. Cnvsr. fig. 
95. J\M=92°3P. I\T = 8b°. M,T = 112* 30'. 
Cleavage parallel to P and T. Fracture uneven. 
Hard. 5.5, G.0. F aintly translucent. Lustre vitre- 
ous. Colour black, sometimes greenish. 

Found at Arendal in Norway, associated with Clcavc- 
landite. 

Barytes. 

Carbonate of Barytes, 
a. Wither! te. Barolite , No. 438. 

Ilauy, 2.25. Phil. 182. llaid. 2.119. Leon. 330. 

Occurs in attached crystals and massive. 

Primary form a Bight rhombic prism. Cryst. fig. 
71. M,M' n= 118° 30'. Fracture uneven. Hard. 
3.0, 3.5. Sp.gr. 4.3. Transparent, translucent. 
Lustre vitreo-resinous. Colour white, sometimes 
greyish or yellowish. Streak white. 

IU a vs ire varieties , globular, botryoidal, reniform. 
Structure large, fibrous, sometimes granular. 

Found principally in England, in Shropshire, Lan- 
cashire, Durham, and Westmoreland, anil occa- 
sionally iu small quantities in Siberia, Hungary, 
and other places. 

Carbonate of Lime and Barytes . 
a. B MIYTO CALCITK, No. 443. 

11 aid. 3.76. Leon. 327. 

Occurs in attached crystals and massive. 

Primary form un Oblique rhombic prism. Cryst. 
fig. 83. P,M = 102° 54'. M,M' = 106° 54'. 

VOL. VI. 


Cleavage parallel to P and M, distinct. Fracture Mineralogy 
uneven. Hard. 4 0. Sp.gr. 3.06. Transparent, 
translucent. Lustre vitreu-resiunus. Colour white, 
sometimes yellowish or greenish. Sticak white. 

Massive varieties amorphous. Stmclure gianul ir. 

Found at Alston Moor, Cumberland. 

Sulphate of Barytes. 

a. Baroski.enite. Bohgnian Spar. Caal\ No. 527. 

Uafiy, 2.5. Phil. J 83. Haul. 2.121. Leun. 255. 

Occurs crystallized and massive. 

Primary form a Bight rhombic prism. Cryst. fig. 7 1. 

M,M'= lOl°42'. CIea\ago parallel to V and M. 

Fracture conchoidal. Hard. 3 0, 3.5. Sp gr. 4 416, 

4.7. Transparent, trniislun nt. Lustre \itieous. 

Colour while, blue, yellow, brown. .Streak white. 

Massive varieties , occasionally globular, remform, 
amorphous. Structure fibrous, granular, compact. 

Found in several localities in most Countries, and in 
different geological positions. 

Sulphate of Bat ytts and Fluatc oj Lime. 

a. Baryto-fluoiutk, No. 528. 

An. 16.18. 

Occurs in a vein in coarse shell limestone in D i by- 
shire, und nearly resembles fine compact gray lime- 
stone. Haul. 4. Spgr. 3.75. 

II krom an n ite. Spreiistein . Radiol itc of Ksmarlc, No. 

333. 

llatty, 4.484. Phil. 200. llaid .3.77. Leon. 471. 

Occurs massive, amorphous. Structiue fibrous, some- 
times radiating. Hard. 7.0, 7.5. Sp.gr. 2 3 Opaque. 

Colour grey ish-white, dull yellow, and red. Ludie 
p<-:uly. 

Found near Stavern in Norway. 

Biotin e, No. 334. 

The crystals of this substance appear to correspond in 
form and measurement with those of Anorthite, of 
which they will probably be found to be a variety. 

Bis M urn. 

Arseniuret of Bismuth? 

Arsenical Bismuth, No. 34. 

llaid. 3.74, Leon. 720. 

Occurs in aggregations of small globular forms. 

Structure fibrous or curved lamellar. Fracture un- 
e\en. Soft. Heavy. LuMre resinous. Colour 
dark hair- brown. 

Found at Sehneeberg in Saxony. 

Carbonate of Bismuth. 

Agnes ite, No. 456. 

B.M. Tab. 3 44. Phil. 271. Leon. 787. 

Bcsembles steatite, but nioie earthy, and harsher to 
the touch. 

Found at St. Agues, Cornwall. 

Sitici.ms Carbonate of Bismuth. 

Bismijtii-ulf.nde, No. 457, 

E J.S. 7.342. 

Occurs in attached crystals, and in globular and sta- 
lactitic masses. 

Primary form u Cube. Cryst. fig. 56. Cleavage 
imperfect. Fracture conchoidal. Hard. 4.5, 5.0. 

Sp.gr. 5.9, 6 0. Translucent, opaque, Lustre 
bright resinous. Colour reddish and yellowish- 
brown. Streak yellowish-grey. 

Found at Sehneeberg in Saxony. 

Native Bismuth, No. 9. 

llaiiy, 4.202. Phil. 272. Haid. 2.43 A Leon. 693. 

3s 
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M-nt'talogy Occurs crystallized and massive. 

^ Primary form a Cube. Ciiyst. tig. 56. Cleavage pa- 
rallel to planes of Mod. a . Fracture indistinct. 
Hard. 2.01, 2.5. Sp.gr. 9.737. Opaque. Lustre 
metallic. Colour of fresh cleavage red dish-silver- 
white. but tarnishes on exposure to air. Streak 
unchanged. 

Massive varieties , amorphous, structure granular, 
bound in several mines in Saxony, and in most other 
mining districts of Europe. 

Oxide of Bismuth, 
a. Bismuth Ochre, No. 137. 

Huuy, 4.214. Phil. 274. Leon. 561. 

Occurs massive, amorphous, sometimes minutely dis- 
seminated. Fracture earthy. Soft. Sp.gr. 4.7. 
Opaque, Dull. Colour greenish or greyish-yellow. 
Found in Saxony and Bohemia. 

Stleniunl of' Bismuth, and Tellurium . 
a. B vs i \ win, No. 16. Leon. 5b9. 

Occurs in small, imbedded, laminated masses. Sp.gr. 
7.S Lustre metallic. Colour between steel and 
lead-grey. 

Found at Bustnaes in Sweden. 

Suf jdi urvt of Bismuth . 
a. Bismuth glance, No. 84. 

Ilai'iN , 1 210. Phil. 273. Ilaid. 3.19. Leon. 616. 
Occurs in attached and imbedded crystals, and 
massive. 

Primary form a Right rhombic prism. Ciiyst. fig. 71. 
M,M' about 91°. Cleavage parallel to P, and to 
tlu* greater diagonal of the prism. Fractuie indis- 
tinct. Opaque. Lustre metallic. Colour lead to 
steel-grey. Streak the same. 

Massive varieties , amorphous, structure granular or 
fibrous, the fibres promiscuously aggregated. 

Found sparingly in Saxony, Bohemia, Hungary, 
and some other places in Europe, and in England 
in Cornwall and Cumberland. 

Sulphuret of Bismuth and Copper . 

//. Cummins Bismuth, No. 85. 

Phil. 271. Ilaid. 8.9 1. Leon. 619. 

Occurs massive. Structure small-fibrous. Fracture 
uneven. Opaque. Lustre metallic. Colour lead- 
grey to steel -grey. 

Found at Fur.^leuherg, in veins accompanying other 
ores of bismuth, cobalt, &c. 

Su/phurrt of Bismuth, Lead, and Copper . 
a . Nf.f.dle ore, No. 8G. 

Phil. 274. Haul. 3.130. Leon. 618. 

Occurs in imbedded prismatic crystals, in quartz. 
Fracture uneven. Hard. 2.0, 2.5. Sp.gr. 6.125. 

Opaque. Lustre metallic. Colour dark lead* grey. 
Found near Catharinenburg in Siberia. 
Sutpho’tellurct of Bismuth, 
a. Bornitf.. Tflluret of Bismuth, No. 20. 

Occurs iu imbedded, imperfect, rhombic and hexagonal 
crystals, and small foliated masses. 

Primary form a Rhomboid. Cryst. fig. 106. The 
crystals inaclcd in several directions. Cleavage 
perpendicular to the axis, very distinct Sp.gr. 7.5. 
Lustre highly metallic. Colour bright steel-grey. 
Found at Schoubkan, near Schenniitz, Hungary. 

Bouacic Acid. Sasxolin , No. 423. 

Ilauy, 1.297. Phil. 144. Haid. 2.25. Leon. 146. 
Occurs naturally in scaly or granular crystalline ag- 
gregations, which are very friable. 


Translucent. Lustre pearly. Colour greyish and ycl- Minerairgy 
lowish-white. Streak white. Taste slightly acid v—l 
and bitter. Sp.gr. 1.480. 

Found at Volcano, one of the Li pari Islands, and in 
other volcanic districts. 

Bovf.i.ite. Pseudo Sommite, No. 335. 

Phil. 126. Leon. 468. 

Occurs in attached hexagonal prisms. 

Primary form a Rhomboid. Cryst. fig. 106. Trans- 
parent. Lustre vitreous. Colour white. Streak 
white. 

Found at Capo di Bova, near Rome, and has hitherto 
been distinguished from Ncpheliue only by its not 
gelatinizing in. acids as that Mineral does. Its 
secondary forms, if observed, have not been de- 
scribed. 

Br til si. .\ kite, No. 568. 

Haid. 3.80. Leon. 723. 

Occurs in capillary brownish fibres, covering and 
filling cavities in some of the substances ejected 
from Vesuvius. It is said to contain a considerable 
portion of copper, but its other constituents are not 
known. 

BnF/WSThRITK, No. 216 

Phil. 200. Haid. 3.80. Leon. 193, 723. 

Occurs in attached crystals. 

Primary form an Oblique rhombic prism. Cnvsr. 
fig. S3. P,M about 92°, M,M' = 136°. Cleav- 
age parallel to the oblique diagonal. Fracture 
uneven. Hard. 5.0, 5.5. Sp.gr. 2.2. Trails pa- 
rent, translucent. Lustre vitreous. Colour w*l- 
lowish and greyish-white, and occasionally colour- 
less. 

Found at Strontian in Scotland. 

Bronzite. No. 2H6. 

I! any, 2.455. Phil. 25.71. Haid. 2.207. Leon. 5 IS. 

Occurs in massive aggregations of columnar crystals. 

Cleavage parallel to the lateral plane and both diago- 
nals of a Rhombic prism of 93 n 30'. Fracture 
uneven. Hard. 4.0, 5.0. Sp.gr. 3.25. Trans- 
lucent. Lustre vitreous, pseudo-metallic on cleav- 
age planes. Colour greenish or greyish-brown. 

Streak lighter colour. 

Found iu serpentine in Stiria, in greenstone in the 
Kurtz, and in other places. 

BrCKi.vNDiri:, No. 336. 

An. n.s. 7. 134. Haid. 3.83. Leon. 725. 

Occurs in attached crystals. 

Primary form an Oblique rhombic prism. P,M = 

103° 56'. M,M / = 70°40'. Levy. Opaque. Co- 
lour dark brownish -black. 

Found near Arendal in Norway, and at Laach on the 
Rhine. 

Bustamite, No. 274. 

S. 18.392. 

Structure bladed. Hard. 6.5. Sp.gr. 3.1, 3.3. Nearly 
opaque. Colour grey, greenish, and reddish. 

Found in Mexico. 

Cadmium. A metal found in small quantities ac- 
companying zinc in several of its ores, particu- 
larly in the fibrous blende from Przibram in Bo- 
hemia. 

Cjnnoy. 

a. Diamond, No. 40. 

Ilafiy, 4.419. Phil. 361. Ilaid. 2.306. Leon. 669. 
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Occurs in imbedded crystals in alluvial ground. 

Primary form a Cube. Cryst. fig. 56. Cleavage pa- 
rallel to the planes of the regular octahedron, very 
distinct. Fracture couchoidal. Hard. 10.0. Sp.gr. 
3.5:?. Transparent, but sometimes rendered opaque 
by foreign matter. Lustre adamantine. Colour 
white, sometimes grey, blue, green, yellow, red, 
brown, black. Streak greyish. 

Found in the East Indies and iu Brazil. 
b. Coal . 

a . Not bituminous. Antiihacite, No. 41. 

II aii v, 410. Phil. 364. Haul. 3.64. Leon. 67 2. 803. 

Occurs massive, amorphous. Structure columnar, 
compact. Fracture couchoidal. Hard. 2 0,2.5. 
Sp.gr. 1.4, 1.5. Opaque. Lustre imperfect me- 
tallic. Colour grey to iron-black. Streak the same. 

Found in most Countries. 

b. Bituminous , No. 586. 

1 1 ;iuy, 4.159, 470. Phil. 370, 371. Haid. 3.61. Leon. 

This includes the common , the Cannet , and all the va- 
rieties of fossil coal. 

Occurs massive, amorphous. Structure foliated, 
granular, compact, earthy, and resembling wood. 
Fracture couchoidal, unc\cn. Lustre resinous, of 
different degrees. Colour black, brown, brownish, 
and greenish-yellow. 

Found in mo^t parts of the Woild, associated with 
vegetable organic remains. 
v. Wood Coat. Lignite. No. 574. 

Phil. 372. 

Occurs nuissi\c. Structure fibrous, compact, resem- 
bling wood. Fracture of some varieties couchoidal. 
Opaque. Lustre resinous, dull. Colour brown, 
of several shades, to black. 

Found in several parts of Europe and America. 
d. Bapn Coal. Dvsodii.e. No. 575. 

N.J. 24 223. Phil. 372. 

Occurs in amorphous masses. Structure foliated, the 
leaves thin and a little flexible. Sp.gr. 1.146. 
Opaque, but becomes tiansluccrit after immersion in 
water. Colour greenish and yellowish-grey. When 
burned it produces a strong and fetid bituminous 
odour. 

Found in a thin stratum between two beds of secon- 
dary limestone at Melilli, near Syracuse in Sicily, 
r. Bitumen. 

Huiiv, 4 152. Phil. 366 to 369. Iluid. 3.59. Leon. 
797. 799. 801. 

a. biquid. Naphtha. No. 580. 

Tiansparcnt. Colourless, or slightly tinged with yel- 
low. Odour peculiar, termed bituminous. 

Found chiefly on the coast of the Caspian Sea. 

b. Viscid. Petroleum, No. 581. 

Slightly translucent. Colour dark reddish-brown. 
Odour bituminous. 

Found in many parts of Europe and America, but 
chiefly in Asia, flowing from beds associated with 
coal strata. As much as 400,000 hogsheads is said 
to be collected annually in the Birman Empire. It 
is also abundant in Persia. 
v. Elastic. Elaterite, No. 582. 

Soft, flexible. Opaque. Colour brown, sometimes 
greenish. Odour bituminous. 

Found only in the Odin mine, near Custleton, Derby- 
shire. 

d. Earthy . Maltha. 

Less free from extnrticous matter than the preceding 


varieties, to which circumstance it probably owes its Mineralogy 
earthy character. 

Fracture uneven. Soft. Opaque. Colour blackish- 
brown. Odour bituminous. 

Found chiefly in Persia, and less frequently in other 
places than the other varieties. 

< 2 . Earthy, containing Benzoic A( id. Muiijndo 

Q.J. N.S. 3 387. 

Occurs massive. Fracture eaitliy. Yields 1o the 
nail. Floats in water. Opaque. Dull. Colour ex- 
ternally blackish-brown, internally lighter. Tastes 
hot and peculiar. Smell pungent. 

Found at Murindo, Province of Choen, Columbia. 
f. Compact. Aspiialtum. Jew's Bitch , No. 5S5. 

Fracture couchoidal. Hard. 2. Sp.gr. 1.16. Opaque. 

® Lustre vitreous, resinous. Colour brown to him k. 

Found in Albania, on the shores of the Dead Sea, 
in considerable quantities; in the Islands ot’Bar- 
badoes and Trinidad, and occasionally in other 
places. 

It is supposed to have been used by the Egyptians in 
embalming the bodies of the dead, and lias been 
employed iu the West Indies instead of pitch for 
calking the bottoms of ships. 

These varieties of bitumen pass by insensible degrees 
from the transparent fluid to the opaque solid, and 
hence the) are regarded as appertaining to the same 
Mineral species. 
d. Hktinasphaltum, No. 577. 

Phil. 375. Haid. 3.146. Leon. 793. 

Occurs in amorphous lumps of different sizes, imbedded 
in wood coal. Fracture imperfect, eonchoidal. Hard. 

1.5, 2.0. Sp.gr l 135. Opaque. Lustre resinous. 

Colour pale hmwnish-jellow. 

Found at Bovcy Tracey, Devonshire, and is also said 
to have been found at Halle and some other places 
on t he Continent, accoinpaii) ing earthy brown coal, 
and of different colours. 

i:. Fossil. Copal. High gate Bain, No. 578. 

Phil. 375. 

Found iu blue clay at Highgatc near Loudon, and at 
Wolehow in Moiavia. in small nodular musses. 

Fracture couchoidal. Spgr. 1.046. Nearly opaque. 

Lustre resinous. Colour dull brown. 
r. Amiif.ii, No. 576. 

Phil. 373. Haid. 3.57. Leon. 791. 

Occurs in nodular masses, sometimes very small. 

Fracture couchoidal. Hard. 2.0, 2.5. Sp gr. LOS. 
Transparent to opaque. Lustre resinous. Colour 
yellowish-white, brown, red, yellow. Streak 
white. 

Found on the coasts in the Baltic, and in beds of 
wood coal iu several places iu Europe and other 
Countries. 

a. Hatch flunk. Mineral Adipocire , No. 579. 

An. 1.136. Phil. 374. Haul. 3.106. Leon. 795. 

Occurs iu thin flukes and in gruuulur masses iu cavities 
of lime or ironstone. Very soft and light. The 
flukes translucent, with a slightly glistening and 
pearly lustre, the granular masses opaque and dull. 

Colour yellowish-white, and wax and greenish- 
yellow, without odour and not elastic. Combusti- 
ble. 

Found at Merthyr Tydvil iu South Wales. 

J7. N ative Naphthaline, No. 587. 

Q.J. 4.446. 

Occurs crystalline, cleavable in some directions, with 
3 s 2 
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M.nrralegy a conchoidal fracture in others. Sp.gr. 1.0, 1.5. 

Transparent. Lustre adamantine. Colour white, 
yellow, preen, lias the appearance of Talc. 
Found in the fissures ofhituminous wood in the coal 
formation of IJrnnch, Canton of St. flail, 
r. Sciif.riumte, No. 5S8. 

<} .1. 5.4:11. 

Occurs between the fibres of fossil wood in aeicular 
crystals, and .small layers. Translucent. Lustre 
nacreous. Colour white or yellowish white. 

Found at Urtiach, Canton of St. Gall, Swisserland, 
in a coal formation. 

Imolimte, No. 337. 

The crystalline loims of this Mineral correspond very 
nearly with those of Nepheline and l)n\)iie% 
but its lustre is highly peaily instead of vitreous, 
and it may be cleaved with much greater facility. 
It is found at Mount \ cstmtis. 

Cf.rfoi.iti:, No. 338. 

'flu* Manjuis de Dree first gave this name fo a soft 
vellowisli waxy looking substance occmring in a 
nrcyj>,h matrix, in small irregular nodules. Seve- 
ral other soft Minerals, ditteimg in many of their cha- 
racters from that of 1 )e Dree, have since passed under 
the same name, but theio do not appear to be any 
published descriptions or analyses of them. 

De Dice’s Mineral was found near Lisbon. 

Curium. 

a. Caiuiowte of Cerium, No. 455 
H.J.S. 3.331. Leon. 726. 

Occurs iu white crystalline coatings 011 the Cc ate 
of Ihistuaes, in Sweden. 

b . Flu vit. of Cerium, No. 509. 

Phil. 266. Maid. 3.100. Leon. 571. 

Is said to occur in six-sided prisms, plates, and amor- 
phous masses. Colour reddish. No other charac- 
ters given. 

round very sparingly at Fitiho, Broddbo, and Bast- 
naes, near Fahliin, in Sweden. 
r. Sun- flu ate or Cerium, No. 510. 

Phil. 266. II aid. 3 101. Leon. 243. 

Resembles porcelain jasper, but with traces of crystal- 
lization. Colour yellow. 

Found at Finbo in Sweden. 
d . Fi.uvric of Cerium and Yttiiia, No. 511. 

Phil. 207. 1 1 aid. 3.101. 

Occurs in small imbedded masses, and sometimes 
thinly investing Gadnlinitc. Eurthy. Soft, Colour 
red, of different shades, yellow, white. 

Said, by Berzelius, to he a mechanical mixture of the 
lluates ofyttria and of cerium with silica. 
Yitro-Ceuiti:. Finale of Cerium, Yltria, and Lime , 
No. 512. 

Phil. 205. Maid. 3.172. Leon. 573. 

Occurs massive, structure granular, compact. Frac- 
ture uneven. Hard. 6.5. Sp.gr. 3.447. Opaque. 
Colour violet-hluc, greyish-red, and greyish-white. 
Found at Finho and Broddbo in Sweden. 

/. Silicate of Cerium. No. 171. 

E.J.S. 6.357. Leon. 227. 

Occurs in small imbedded nodules mid hexagonal 
prisms, in magnesian carbonate of lime. Cleavage 
parallel to the lateral planes. Fracture uneven. 
Translucent. Colour pale yellowish-brown. 


Found at Santa Fe de Bogota, accompanying the Mineralojjy 
precious Emeralds from that locality. 

Silicate of Cerium and Iron . 

it. Cerite, No. 170. 

Haiiy, 4.393. Phil. 263. ITaid. 2.394. Leon. 227. 

Occurs in amorphous imbedded masses. Structure 
fine granular. Fracture uneven. Hard. 5.5. 

Sp.gr. 4.912. Slightly translucent. Lustre resin- 
ous. Colour pale dull red, sometimes greyish. 

Streak white. 

Found near Kiddorhittuu iu Sweden, imbedded in 
or accompanying ferine. 

b. Chiu me, No. 319. 

Haiiy, 4.395. Phil. 265. Haiti. 2.395. Leon. 481. 

Occurs massive, and raiely in attached imperfect 
crystals. Hard. 5.5, 6.0. Spgr. 4. 173. Opaque. 

Lustre imperfect metallic. Colour brownish black. 

Streak brownish-grey. 

Found near Kiddarhittaii m Sweden. 

c. Allan in;. No. 320. 

Ilaid. 3.6S. Leon. 481. 

Occurs crystallized and massive. 

Primary form is said by Phillips to he a Square 
prism, and by llaidiuger, a Doubly oblique prism, 
whence it appears that two different Minerals 
have been described under the same name. Frac- 
ture, according to Haidingcr, imperfect eon- 
choidal. Hard. 6.0. Sp gr. 4.0. Opaque. Lustre 
imperfect metallic. Colour brownish-black. Streak 
greenish-grey. 

Found at A link, East Greenland. 

The Allanite of Phillips is probably the Fcrgusonite 
uf llaidiuger. 

Silicate ofCeiiun 1 , Iron . Alumina , and Lime . 

a. Out hi tk, No. 327. 

Phil. 265. Ilaid. 3.133. Leon. 210. 

Occurs in small, slender, columnar, imbedded masses. 

Fracture conchoid ul. Hard. 6.0, 7.0. Sp.gr. 

3.288. Opaque. Lustre vitreous. Colour blown- 
ish-hlack. Streak brownish-grey. 

Found at Finbo iu Sweden, in a granitic vein, tra~ 
versing gneiss, and, in larger imbedded masses, in 
Finland. 

b. Pyiiokthitk, containing Carbon , No. 328. 

Phil. 265. Ilaid. 3.142. Leon. 773. 

Occurs in single or aggregated, slender, columnar 
masses, imbedded iu granite or quartz. Fracture 
coiichoidal, uneven, earthy. Haul. 2.5. Sp.gr. 2.19. 

Opaque. Lustre resinous. Colour brownish-black, 
the same. 

Found near Fahlun in Sweden. 

Ciiahasif., No. 205. 

Ilaiiy, 3.163. Phil. 138. Ilaid. 2.232. Leon. 198. 

Occurs in attached crystals. 

Primary form a Rhomboid. Cryst. fig. 106. P,P' 

= 94' J 46'. Cleavage parallel to P, nearly distinct. 

Fractuie uneven. Hard. 4.0, 4.5. Sp.gr. 2.1. 
Transparent, translucent. Lustre vitreous. Colour 
white, sometimes reddish or yellowish. Streak 
white. 

Found in the Faro Islands, in Iceland, in many pans 
of Europe, and iu America. 

Ciiiastoi.it e. Crucile. Made , No. 186. 

Haiiy, 2.365. Phil. 201. Ilaid. 3.84. Leon. 726. 

Occurs in imbedded crystals in clay-slatc. 

Primary form unknown. The crystals are nearly 
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Mineralogy Square prisms, composed of a greyish or reddish 
v - “v— substance, enclosing a central black prism, and oc- 
casionally four others within its lateral edges, con- 
nected with the central one by four black thin plates. 

Cleavage parallel to the lateral planes. Fracture 
splintery. Hard. 5.0, 5.5. Sp.gr. 2.944. Trans- 
lucent, opaque. Lustre vitreo-rcsinous. Colour 
greyish and yellowish, or reddish-white. Streak 
white. 

Found in many parts of Europe and America. 
Ciiildrenite, No. 502. 

Q.J.S. 16.274. Haiti. 3 85. Leon. 137. 728. 

Occurs in minute attached crystals. 

Primary form a Right rhombic prism. M,M=92° 4S'. 
Fracture uneven. Hard. 4.5, 5.0. Transparent, 
translucent. Lustre vitreous. Colour yellow. 
Streak white. 

Found in the neighbourhood of Tavistock in Devon- 
shire, and at Crinnis in Cornwall. 

ClILORnPIUKlI’K, No. 173. 

Maccnllueh, Western Isles, 1.504. Phil. 202. Haiti. 
3.86. Leon. 729. 

Occurs in small masses imbedded in basalt. Frac- 
ture conchoidal. May be scratched by a quill. Sp.gr. 
2.02. Transparent, opatpie. Lustre vitreous. Colour 
green when first broken, but afterwards becomes 
black. 

Found in the Tsle of Hum, in Fifeshire,and in Iceland. 

Oxrmc of Cl i no m e. No. 419. 

Phil. 271. Leon. 557. 

Occurs in compact or pulverulent masses, coating or 
filling cavities in the chromate of iron at Unst, 
one of the Shetland Isles. Structure of the com- 
pact approaches to crystalline. Translucent. Lustre 
resinous. Colour grass-green and pale-yellow. 

It is also found colouring granular quartz at Ecou- 
ehetz in Burgundy. 

CiiRYsonF.RYf.. Cymophane , No. 324. 

Hady, 2.303. Phil. 89. Haul. 2.304. Leon. 539. 

Occurs in loose crystals in alluvial deposits in Brazil, 
and in imbedded crystals at Haddam and Saratoga, 
North America. 

Primary form a Right rhombic prism. M,M'=rl20°. 
Cleauige parallel to P, and to the short diagonal of 
the prism. Fracture conchoidal. Hard. 8.5. 
Sp.gr. 3.754. Transparent, translucent. Lustre 
vitreous. Colour yellowish and brownish-green. 
Frequently with a bluish opalescence. Streak 
white. 

Found in Brazil and North America. 

Chusitf., No. 339. 

Phil. 202. Leon. 533. 

A Mineral found by Saussure in the porphyritic rocks 
near Limbourg, and imperfectly described as oc- 
curring’ massive or granular. Translucent. Lustre 
greasy. 

Cleavelandite. A lb He. Silicious Spur , No. 227. 

Hatty, 3.70. Phil. 113. Haiti. 2.255. Leon. 417. 

Occurs in attached crystals and massive. 

Primary form a Doubly oblique prism. P,M=93° 
80'. P,T=115°. M,T= 119° 30'. Cleavage pa- 
rallel to the primary planes. Fracture uneven. 
Hard. 6.0. Sp.gr. 2.61, 2.68. Transparent, trans- 
lucent. Lustre vitreous. Colour white, grey, 
pale blue, greenish, red. Streak generally white. 

Massive varieties amorphous. Structure laminar. 

Found in Duuphiny, at St. Gothnrd, and generally 


accompanying felspar in most of its numerous lo- Minmligy 
calities. ■ 

Con.nr . 

Arseni ate of Cobalt. 

a t Rf.u Cobalt. Cobalt bloom , No. 47*2. 

Ilauy, 4.232. Phil. 281. Haid. 2.181. Leon. 

162. 

Occurs sometimes in attached thin crystal, hut gene 
rally as fine fibres, forming small globular tufts, or 
evenly coating the matrix, and uho pulverulent 
and massive. 

Primary form an Oblique rhombic prism. Cmsr. 
fig. 83. P,M = 101° 13'. M,M'=55° 15\ Cleaw 
ttge parallel to a plane passing through the oblique 
diagonal, very distinct. Hard. 15, 2 0. Spgr. 

2.9 IS. Transparent, translucent. Lustre vitreous. 

Colour rod, of various shades, sometimes pearl nr 
greenish-grey. Streak lighter colour. Splits easily 
into thiu laminae, which are very flexible. 

Massive varitty amorphous; structure fibrous, often 
radiating. 

Found principally in Saxony and Bohemia. 
b . Roselitk? No. 473. 

An. n.s. 8 439. 

Occurs in attached crystals on greyish quartz. 

Primary form a Right rhombic prism. Cryst. fig. 

71. M,M'z=125° 7'. Cleavage parallel to P. 

Fracture conchoidal. Hard. 3.O. Translucent. 

Lustre vitreous. Colour deep rose-red. 

Found at Scliueeberg in Saxony. 

Arsen in ret of Cobalt. ? 

a. White Cobalt, No. 29. 

Ilauy, 4.219. Phil. 278. llaid. 2.452. Leon. 

654. 680. 

Occurs in imbedded crystals, generally single, and 
massive. 

Primary form a Cube. Cryst. fig. 56. Cleavage 
parallel to the primary planes, very distinct. Frac 
tnre uneven. Hard. 5.5. Sp.gr. 6.3. Lustre me- 
tallic. Colour silver-white. Streak grey isli-hlack. 

Massive variety amorphous ; structure granular. 

Found in Norway; in fine crystals at Tunaberg in 
Sweden ; in Silesia, and in Cornwall. 

b . Haro white Cobalt, No. 30. 

E.N.P.J. 3.271. 

Occurs crystallized. Primary form a Cube, Cryst. 
fig. 56. Cleavage parallel to the planes of the 
cube distinct ; less so parallel to Mod. a % and still 
less parallel to Mod. c. Sp gr. 6.7-1, 6.84. Dis 
tinguislicd from white cobalt by its more, distinct 
cleavage and greater sp.gr. 

Found at Skuttcrud in Norway. 

c. Radiated white Cobai.t, No. 31. 

Haid. 2.454. Leon. 162? 

Is said to crystallize in lihombic prisms, but no dis- 
tinct characters of it have been given. 

Found at Schneeberg in Saxony. 

d . Rhombic white Cobalt, No. 32. 

Found at llokutnbo in Sweden, having the bright 
lustre of arsenical cobalt, and the form and mea- 
surements of arsenical iron. No analysis or de- 
scription has been given. 

Svlpho-arseniinet o r Cobalt and Iron. 

a. Grey Cobalt, No. 43. 

Hatty, 4.225. Phil. 278. Haid. 2.455. Leon. 6.80. 
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Mineralogy o ccurs ; n attached crystals and massive. 

' Primary form a Cube. Cryst. fig. 56. Cleavage 

parallel to the plane of the Cube, Octahedron, and 
Rhombic dodecahedron, indistinct. Fracture un- 
even. Hard. 5.5. Sp.gr. 6.406. Lustre me- 
tallic. Colour greyish-tin-white. Streak greyish- 
black. 

Massive varieties , reticulated ; amorphous. Structure 
granular, compact. 

Found principally at Schneebcrg in Saxony, and in 
Bohemia. Used in the manufacture of Smalt. 
b. Grey cobalt? No. 114. 

Brit. Min. tab. 472. 

Is described as) amorphous. Fracture uneven, like 
broken steel, and very brittle. Sp.gr. 5.5, 7. ‘2. 
Lustre metallic. Colour rather dull steel-grey. 
Streak brighter. 

Found at Dolcoath mine in Cornwall. 

The white and grey ores of cobalt require a more 
precise examination than they have hitherto re- 
ceived, which will probably separate them into dis- 
tinct species. 

C 'obalto-bism at hie A rsen ic. 
a. Iv s u vr unite, No. 33. 

E.J.S, 6.355. Leon. 7:20 V 

Massive. Structure fibrous, imperfect radiated, rather 
porous. Sp.gr. 6.0, 6.7. Lustre nearly metallic. 
Colour between lead-grey and steel-grey. 

Found at Schneebcrg in Saxony. 

G lide of Cobalt and. Manganese, 
a. Eaiitiiy Cobalt. Cobalt or fire. No. 1*29. 

jluiiv, 4.230. Phil. 2bl. llaid. 3 78. Leon. 16:2. 3, 
23S.9. 

Occurs in botryoidal, stalactitie, and amorphous 
masses. Structure fine granular, earthy. Soft. 
Spgr. 2.2. Opaque. Colour bluish-black, brown- 
i\|i, and yellowish. Streak shining. 

Found ^in llessia, Thuringia, and other depositaries 
of t lit*- urea of cobalt. 

It is iint N - improbable that the brown and yellow varie- 
ties m,ay upon further examination appear not to 
belong to one species. 

Sulphate of Cobalt, 
a. Sulphate of Cobalt, No. 547. 

Phi). :2S2. Haul. 3.145. Leon. 114. 

Occurs in small globular, stalactitie, and amorphous 
masses, thinly investing other Minerals. Soft. 
Soluble in water. Translucent. Lustre vitreous, 
often dull externally. Colour pale rose-rod. 

Found among the mining heaps of old mines at 
Riebcr, near Hunan, and in Salzburg. 

S ulphuret of Cobalt, 
a . Sui.PlIIJRKT of Co halt, No. 75. 

Phil. ‘,280. Haul. 3.88. Leon. 653. 

Occurs in imbedded amorphous masses. Structure 
fine granular, compact. Fracture uneven. Lustre 
metullic. Colour steel-grey, with a reddish tarnish. 
Streak grey. 

Found at lliddarhittan in Sweden. 

Comptonite, No. 340. 

Phil. 201. Haid. 3.89. Leon. 193. 730. 

Occurs in attached crystals in the cavities of fragments 
of an ainygdaloidal rock at Vesuvius. 

Primary form a Right rhombic prism. Ciiyst. fig. 71. 
M, M's: 91°. Cleavage parallel to both diagonals 
of the terminal planes. Fracture uneven. Hard. 


5.0, 5.5. Transparent, translucent. Lustre vitre- Mineralogy 
ous. Colour white. Streak white. ^ 

Found at Vesuvius, and in a trap rock in Bohemia. 
Condiiodite. Brucite. Maclureite , No. 515. 

Haiiy, 2.476. Phil. 97. Haid. 3.87. Leon. 533. 

Occurs in imbedded, rounded nodules of various sizes, 
generally small, the larger ones sometimes pro- 
truding into cavities in the matrix, and presenting 
crystalline forms not yet described. 

Cleavage described as parallel to the lateral planes of 
a Rhombic prism of 124°. Fracture uneven. Hard 

6.5. Sp.gr. 3.2, 3.5. Transparent, translucent. 

Lustre \itreous. Colour yellow to brown. 

Found in Finland, and in several parts of North 
America. And it is probable, from the difference 
iu appearance of different specimens, that the name 
lias been given to two or more different substances. 

Copper . 

Arseniate of Copper. 

Right prisma fir. 

a. Tj1.nsenf.rz. Octahedral Arseniate , No. 477. 

Haiiy, 3.509. Phil. 316. Haul. 2.160. Leon. 17:2. 

Occurs in attached, obtuse, octahedral crystals. 

Primary form a Right rhombic prism. Cuvsr. fig. 71. 

M ,M ' -= 107° 5'. Levy. Cleavage parallel to the 
primary planes. Fracture unc\en. Hard. :2.0, 

2.5. Sp.gr. 2.926. Transparent, translucent. Lus- 
tre vitreous. Colour light blue and occasionally 
dull green. Streak pale blue or green. 

Found in Cornwall near Redruth, and in Hungary. 

b. Olivknitk. GhvencrZy No. 478. 

Haiiy, 3.510. Phil. 319. Haid. 2.164. Leon. 168 
Occurs crystallized and massive. 

Primary form a Right rhombic prism. Cryst. fig. 71. 

M,M'= 110° 30'. Levy. Cleavage parallel to the 
primary planes. Fracture uneven. Hard. 3.0. 

Sp.gr. 4.28. Transparent, translucent. Lustre 
vitreous, bright. Colour various shades of green, 
generally inclining to olive. Streak paler green. 

Massive varieties , globular, reuiform, nodular. Struc- 
ture fibrous, occasionally granular, compact. 

Found in Cornwall near Redruth, and near Alston- 
moor in Cumberland. 

c. Euchnoitb, No. 479. 
llaid. 3.94. Leon. 173. 

Occurs in attached or imbedded crystals. 

Primary form a Right rhombic prism. Cryst. fig. 71. 

M,M'= 1 17° 20'. Cloa\ age parallel to M indis- 
tinct. Fracture uneven. Hard. 3.5, 4.0. Sp.gr. 

3.39. Transparent, translucent. Lustre vitreous. 

Colour emerald-" reen. Streak lighter green. 

Found at Libethcn in Hungary. 

Oblique prismatic. 

a. Trikdrai. Arseniate. of Bournou, No. 480. 

Phil. 318. Haul. 3.144. Leon. 170. 

Occurs crystallized and massive. 

Primary form an Oblique rhombic prism. Cryst. fiff. 

63. 1\M =95°. M,M -56°. Cleavage parallel to 
P. Fracture indistinct. Hard. 2.5, 3.0. Sp.gr. 4.2. 
Transparent, translucent. Lustre vitreous. Colour 
dark blue to blackish-green. Streak paler green. 

Massive varieties , reuiform, amorphous, with a lamel- 
lar structure. 

Found in Cornwall near Redruth. 

Rhomboidal . 

a. Copper mica, No. 481. 
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Hatty, 3.509. Phil. 317. Haiti. 2.178. Leon. 171. 

Occurs in attached crystals. 

Primary form a Rhomboid. Cryst. fig. 106. P,P'= 
69° 48'. Levy. Crystals usually tabular, thin. Oc- 
casionally in florifbrm groups. Cleavage distinct, 
perpendicular to the axis, less so parallel to P. Frac- 
ture uneven. Hard. 2.0. Sp.gr. 2.549. Trans- 
parent, translucent. Lustre vitreous. Colour 
emerald-green. Streak rather pale green. 

Found in Cornwall near Redruth. 

Not Crystallized . 

a . Erinite, No. 482. 

E.J.S. 9.93. 

Occurs in concentric layers, between which other 
arseniates are found. No crystals observable. The 
surface of the layers rough, the fracture uneven, 
with slightly resinous lustre. Hard. 4.5, 5.0. Sp.gr. 
4.04. Slightly translucent. Colour emerald-green. 
Streak paler green. 

Found near Limerick. 

b. CONDURRITK, No. 483. 

P.M. and An. 2.286. 

Considered by Mr. Phillips to be an accidental de- 
posit resulting from the decomposition of other ores 
containing copper and arsenic. 

Amorphous. Fracture conchoidal. Scratched by 
glass. When cut by a knife a polished lead-grey 
surface is produced. Sp.gr. 5.20. Opaque. Surface 
of fracture very smooth. Colour brownish-black. 
Streak black. 

Found in Condurrow Mine, near Camborne, Cornwall. 

Arsenin ret, of Copper? No. 33. 

P.M. and An 2. 287. 

Metallic. Amorphous. Yields to the knife. Malleable. 
Colour tiu-white. 

Found in Condurrow mine, near Camborne, Corn- 
wall, accompanying and coated by Condnrrite. 

Carbonate of Copper. 

a . Blue Carbonate of Copper, No. 461. 

Hatty, 4.3. Phil. 309. Ilaid. 2.167. Leon. 152. 

Occurs crystallized and massive. 

Primary form an Oblique rhombic prism. Crvst. fig. 
83. P,M — 91° 30', M,M' = 9S° 50'. Cleavage 
parallel to P, dull, and also to M, and both diago- 
nals, and to e. Cryst. fig. 83. Fracture uneven. 
Structure fibrous, large or small, parallel or diverg- 
ing, sometimes curved, and lamellar transversely to 
the direction of the fibres. Occasionally granular, 
sometimes earthy. Hard. 3.5, 4.0. Sp.gr. 3. S3. 
Transparent, translucent. Lustre vitreous, bright. 
Colour various shades of blue. Streak paler blue. 

Massive, varieties , globular, botryoidal, reniform, sta- 
lactitic. 

Found in fine crystals at Chessy, near Lyons in 
France, in Siberia, the Baimat, Cornwall, and many 
other places. 

5. Malachite. Green Carbonate of Copper, No. 460. 

Hatty, 3.489. Phil. 310. Ilaid. 2.175. Leon. 155. 

Occurs crystallized and massive. 

Primary form an Oblique rhombic prism. Cryst. 
fig. 83. P,M = 1 12° 33'. M,M' = 107° 16'. The 
crystals generally acicular, and too slender lor 
measurement. Cleavage parallel to P and to the 
oblique diagonal of the terminal planes. Fracture 
uneven. Hard. 3.5, 4.0. 8p.gr. 4.0. Transparent, 
translucent. Lustre vitreous, bright. Colour va- 
rious shades of green. Streak paler green. 


Massive varieties , amorphous, or iu tuberose, glolmlnr. Mineralogy 
reniform, botryoidal, and stalaetitic shapes. Stiii?,. ^ ■ / 
ture fibrous, the fibres sometimes so slender as to 
appear compact, and then producing a silky lustie, 

and yielding a conchoidal tract ure. 

Found in the same places, generally, as (he blue mi- 
bonato. 

Crystals of green carbonate sometimes occur under 
the forms of* blue carbonate and of red oxide, I mm 
which they have been produced by some mutual 
process in the mine. These are termed Epicene bv 
Hatty. 

e. Anhydrous Carbonate of Copper, No. 463. 

Phil. Tr. 1814, p. 45. An. 16. 39. 

Occurs amorphous. Structure imperfectly foliated. 

Fracture small -conchoidal. Easily scratched with 
a knife. Sp.gr. 2.62. Colour dark blackish-brown. 

Streak reddish-brown. 

Found in India, N.W. of Madras, accompanying Ma- 
lachite. 

Carbonate of Copper and Zinc . 

a. Kupfprsciiaum, No. 464. 

Haid. 2.180. Leon. 756. 

We believe that two or more different Minerals, pre- 
senting nearly the same external characters, have 
been included by different authors under this name. 

The Mineral here alluded to consists of small, silky 
tufts or globules, composed of veiy thin radiating 
leaves or leafy fibres, without any appearance of 
crystalline form, or any observable cleavage or 
fracture. Colour bright bluish-green. 

Found in the Banna!, and at Matlock in Derbyshire. 

Other localities are mentioned, but they possibly 
relate to some other Mineral. 

Chloride of Copper. 

a. Atacamite. Muriate of Copper , No. 66. 

Hatty, 3.484. Phil. 313. Ilaid. 3.74. Leon. 212. 

Occurs in attached crystals ; as a green sand ut Ata- 
cama in Peru ; and massive. 

Primary form a Right rhombic prism. Cryst. fig. 71. 
M,M'=100°. Cleavage parallel to P distinct, 
less so parallel to M. Fracture uneven. Hard. 

3.0, 3.5. 8p.gr. 4.4. Translucent to opaque. 

Lustre vitreous. Colour green, of various shades, 
but chiefly dark emerald-green. Streak lighter green. 

Massive variety , reniform, with a fibrous structure. 

Found principally at Remolinos in Chile. 

Native Copper. 

a . Native Copper, No. 8. 

Hatty, 3.423. Phil. 296. Haid. 2.444. Leon. 710, 

Occurs in variously branched and aggregated crys- 
tals, in plates and massive. Primary form a Cube. 

Cryst. fig. 56. No cleavage. Fracture hackly. 

Hard. 2.5, 3.0. 8p.gr. 7.7, 8.5. Lustre metallic. 

Colour red, frequently much tarnished. Streak 
shining. 

Massive varieties , generally amorphous. 

Found in Cornwall and in most other Countries, in 
veins, and occasionally in beds. 

Glide of Copper. 

a . Red Oxide of Copper. Oxydvlous Copper. When 
earthy, Tile-ore , No. 131. 

Hatty, 3.462. Phil. 306. Haid. 2.381. Leon. 566 9. 

Occurs in attached crystal**, and massive, occasion- 
ally in thin plates and fibrous. 

Primary form a Cube. Caver. fig. 5(5. Cleavage 
parallel to the planes of the regular octahedron. 
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Fracture uneven. II aril. 3.5, 4.0. Sp.gr. 6.0. Trans- 
parent, translucent. L\istre adamantine, approach- 
ing sometimes to metallic. Colour red of several 
shades. St leak dull red. 

Massive varieties , amorphous. Structure crystalline and 
amorphous, or bolryoidal, with an earLliy structure. 

Found in most copper mines accompanying other 
ones of this metal. 

Phosphate of Copper. 

Right prismatic, 
a. Lmikiiienite, No. 495. 

Ilaily, 3.519. Phil. 314. Haul. 2.166. Leon. 143. 

Occurs in small attached octahedral crystals. 

JPi imury form a Right rhombic prism. Cuyst. fig. 71. 
M,M'= 109° 30'. Cleavage parallel to 1*, dis- 
tinct ; less so parallel to M. Fiaetnre uneven. 
Hard. 4.0. Spgr. 3.6. Transparent, tiaiislncent. 
Lustre resinous. Colour dark given. Streak green. 

Found principally at Lihcthen in Hungary. 

Hydrous Phosphate of Copper, 
a. Riienite, No. 496. 

llaiiy, 3.519. Phil. 31 5. Haul. :2.173. Leon. 143. 

Occurs in attached crystals and massive. 

Primaty form an Oblique rhombic prism. Cuyst. fig. 
83. P,M = 97° 30'. M,M'= 37° 30'. Cleavage 
indistinct, parallel to the horizontal diagonal. Frac- 
ture uneven. Hard. 4.5, 5.0. Sp.gr. 4.2. Trans- 
lucent, opaque. Lustre vitreous. Colour various 
shades of green, frequently blackish. Streak pale 
green. 

Massive varieties , butryoidal and amorphous. Struc- 
ture fibrous. 

Found near Klicinbreitbach on the Rhine. 

Self niu ret of Copper, 
a. Self.niijiiet of Copper, No. 53. 

llaiiy, 3.469. Phil. 304. 11 aid. 3.150. Leon. 394. 

Occurs massive and in thin plates in carbonate of 
lime at Smaland, Sweden. Soft. Malleable. Lus- 
tre metallic. Colour silver- white. Streak shining. 

Silicate of Copper. 

a. Dioptasr. Emerald Copper , No. 17S. 

llaiiy, 3,477. Phil. 312. Haul. 2.171. Leon. 220. 

Occurs in attached crystals. 

Primary form a Rhomboid. Cuyst. fig. 106. P,P' 
= 126° 17'. Cleavage parallel to I*. Fracture 
uneven. Hard. 5.0. Sp.gr. 3.278. Transparent, 
translucent. Lustre vitreous. Colour emerald to 
blackish-green. Streak green. 

Found in the Kirghesc Steppes, and according to 
Phillips, at Rishauya in the Ruiinat. 
h. Cn uvsof oll \. Copper-green. No. 179. 

Hatty, 3.171. Phil. 312. 1 1 aid. 2.158. Leon. 219. 

Occurs massive. 

No proper crystalline form or cleavage yet observed, 
but occurring in Siberia and Cornwall in cpigcne or 
pseudomorphous crystals, of some of the forms of 
sirseuiate, blue carbonate, and red oxide of copper. 
Hard. 2 0, 3.0. Sp.gr. 2.031. Translucent. Lus- 
tre vitieo-resinous. Colour bluish and black isb- 
green. Streak green. 

Several localitieK are named of this substance, but it 
is probable that they relate to very ditFereut Mine- 
rals, some of which appear to be only quartz or 
culcedony, coloured by curbonate of copper. 

Sulphate, of Copper, 
a . Soluble , No. 534. 

Hatty, 3.523. Phil. 313. Huid. 2 44. Leon. 111. 


Occurs in stalactitic, fibrous, and earthy masses, sel- Miner alogy 
dorn in crystals. 

Piimary form an Oblique rhombic prism. Cuyst. fig. 

95. P,M = 109° 32'. P,T = 128° 27'. M,T = 

149° 2'. Cleavage indistinct, parallel to T and M. 

Fracture couchoidal. Hard. 2.5. Sp.gr. 2.213. 
Transparent, translucent. Lustie vitreous. Co- 
lour bright blue. Streak white. 

Found in several copper mines in this and other 
Countries. 


b. UiiOOHANTITE ? No. 515. 

An n.s. fl.211. Haid. 3.81. T eon. 724. 

Occurs in minute, thin, rectangular crystals. Pri- 
mary form a Right rhombic prism. Ciust. fig. 71. 
M f Vl'= 111° 20'. Cleavage and fracture uncer- 
tain. Hard. 3.5, 4.0. Tunis parent. Lustre vi- 
treous. Colour emerald-green and blackish-green. 

Found at Catlierinenhurg in Sibeiia, covering mumel- 
lated green carbonate of copper. 
r. Konujini:? No. 546. 

An. n.s. ] 1. 194. 

Primary form a Right rhombic prism, Cuyst. fig. 71. 
l\l,M'=r 105°. Cleavage perpendicular to axis of 
prism. Hard. 3.5, 4.0. Translucent Lustre vi- 
treous. Colour emerald-green and blackish-green. 

Found at Catlierinenhurg in Siberia. 

Sill phi/ ret of Copprr. 
a. Vitreous Copper, No. 77. 

llaiiy, 3.454. Phil. 297. fluid. 3.8. Leon. 566, CIO. 

Occurs in attached hexagonal prisms and massive. 
Primary form a Rhomboid. Cuyst. fig. 106. P,P' 
= 71° 30' nearly. Cleavage parallel to the hex- 
agonal pyramids corresponding to the primary 
plane. Fracture couchoidal. Hard. 2 5, 3.0. Sp.gr. 

5.7. Lustre metallic. Colour lead-grey, frequently 
tutnished. Streak sinning. 

Massive rarieiits , amorphous ; structure granular to 
compact. 

Found in Cornwall, finely crystallized, and in most 
other depositories of copper me. 

Sulphuret of Copper , Iron. §c. 

A. Fa II lore. Grey Copper y No. 78. 

a. Arsenical. 

Hatty, 3.141, Phil. 300. Haul. 3.1. Leon. 648. 

Occui s in attached and imbedded ei y sluts, and massive. 
Primary form a Cube. Ciivsr. (ig. 56. Predomi- 
nating form the regular tetrahedron. Cleavage pa- 
rallel to the planes of the tetrahedron, very indis- 
tinct. Fracture couchoidal. Hard. 3.0, 4.0. Sp.gr. 

4.8, 5.1. Opaque. Lustre metallic. Colour steel- 
grey. Streak nearly the same. 

Massive varieties, amorphous; structure granular to 
compact, and sometimes earthy. 

Is found accompanying most other copper ores. 

b. A ntimonial. 

Dillers from the arsenical chiefly in colour, which is 
much duiker. It is also more frequently tarnished 
on the sin face, presenting a remaikable contrast to 
the relative characters of antimony and arsenic in 
their native state. The fractured surfaces of anti- 
mony retaining their metallic brightness after ex- 
posure to the air, while those of arsenic speedily 
become dull and black. 

L. Tf.nnantite. No. 79. 

Phil. 304. Haid. 3.161. Leon. 604. 

Occurs in attached crystals. * 

Primary form a Cube. Cuyst. fig. 56. Cleavage 
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Miner.* logy parallel t 3 the planes of the regular octahedron. 

Fracture uneven. Hard, exceeding 3.0. Sp.gr. 
4.375. Lustre metallic. Colour lead-grey, fre- 
quently tarnished on the surface. Streak reddish- 
grey. 

Found in several of the copper mines in Cornwall. 
b. Purple CoppEn. Biintkupfererz , No. 80. 

Hatty, 3.436. Phil. 299. Huid. 2.467. Leon. 643. 

Occurs in attached crystals and massive. 

Primary form a Cube. Cryst. fig. 56. Cleavage 
parallel to the planes of the regular octahedron, in- 
distinct. Fracture uneven. Hard. 3.0. Sp.gr. 5.0. 
Lustre metallic. Colour purplish and reddish-brown, 
generally tarnished oil the surface. Streak grey ish- 
black. 

Massive varuiy, amorphous. Structure compact. 

Found in most copper mines. 

A variety of this substance occurs in Cornwall, in the 
form of thin hexagonal prisms, which are probably 
pse udomorphous. 

S u Iph u ret of Co pper a n d Iro n . 

a. Copper Pyrites. Yet tow Copper , No. 81. 

Haiiy, 3.432. Vliil. 302. Haiti. 2. 16‘). Leon. 644. 

Occurs in attached and imbedded crystals, and massive. 

Primary form a Square prism. Cryst. fig. 65. 

P,c = 117° 15'. Cleavage parallel to p, fig. 68. 
Fracture conchoidal. Hard. 3.5, 4.0. Sp.gr. 4.17, 
4.3. Lustre metallic. Colour brass-yellow, fre- 
quently with a violet and purple tarnish on the sur- 
face. Streak greenish- black. 

Massive varieties , globular, bolryoidal, reniform, sta- 
laditir, and amorphous. 

Found in most mines whcic copper is produced. 

b. K UI’FKIUNDIO, No. 83. 

II aid. 3.118. Leon. 755. 

Occurs in imbedded spheroidal masses, and in flat 
layers, having an uneven fracture, and a fine gra- 
nular or earthy structure. Soft. Sp.gr. 3.8. Opaque. 
Lustre dull resinous. Colour dark blue. Streak 
shining. 

Found in Salzburg and in Thuringia 

Silicate and Sulphate of Copper. 

<t. Velvet Copper, No. 567. 

Laid. 3.168. 

Occurs in very short capillary crystals coaling the 
surface of the matrix, and presenting a velvety ap- 
pearance. Translucent. Lustre pearly. Colour 
bright blue 

Found at Moldawa in the Dannat, and consists of 
silica, sulphuric acid, ami oxides of copper and 
ziuc. 

Composition unknown . 
rx. Pelokonitk, No. 569. 

E.N.P.J, 12.134. 

Occurs amorphous. No cleavage. Fracture con- 
choidal. Hard. 3.0. Sp.gr. 2.51, 2.57. Opaque. 
Lustre vitreous, nearly dull. Colour bluish-black. 
Streak liver-brown. 

Found in the Tierra Amarilla and Ilemoliuos in Chili, 
accompanying green carbonate of copper. Soluble 
in muriatic acid, the solution yellowish-green. Not 
analyzed. 

Cryolite, No. 514. 

Hatty, 2.157. Phil, 197. Haid. 2.66. Leon. 570. 

Occurs in single or aggregated crystalline masses. 

Primary form not observed. Cleavage parallel to the 
vol. vr. 


terminal and lateral planes of a rectangular prism. Mineralogy 
Fracture uneven. Hard. 2.5, 3.0. Sp gr. 2.963. - 

Translucent, and becomes more transparent after 
immersion in water. Lustre vitreous, lather pearly 
on one surface. Colour white, or reddish, or yel- 
lowish-brown. Streak white. 

Found at Arksut-fiord, West Greenland. 

Davyne, No. 341. 

E.J.S. 7.326. Leon. 433. 

Occurs in attached regular hexagonal prismatic crys- 
tals with the terminal edges truncated. 

Primary form a Rhomboid. Cryst. fig. 106. P,l v = 

112° 16'. Corresponding nearly, if not exactly, with 
Nephcline. Cleavage parallel to the planes of the 
hexagonal prism, distinct. Fracture conchoidal. 

Hard. 5.0, 5.5. Sp.gr. 2.4. Transparent. Lustre 
vitreous, pearly upon the cleavage planes. Colour 
white, sometimes yellowish-brown. Streak white. 

Found in cavities, in some of the masses ejected from 
Vesuvius. 

Desmine, No. 342. 

Occurs in small silky tuffs accompanying Spinellanc 
from the extinct volcanoes of the Rhine. 

Die H iio it E. Iolite. Pet ionic. Sieinheilite , No. 305. 

Hatty, 3.1. Phil. 93. Haid. 2.319. Leon. 466. 

Occurs in imbedded crystals, and massive. 

Primary form a Right rhombic prism. Cryst. fig. 71. 

M,M' nearly 120°. Cleavage parallel to the late- 
ral planes. Fracture conchuidul. Hard. 7.0, 7.5. 

Sp.gr. 2.583. Transparent, translucent. Lustic 
vitreous. Colour blue in the direction of the axis, 
and yellowish-grey perpendicular to it ; sometimes 
dull yellowish in both directions. Streak while. 

Massive varieties , amorphous. Structure indistinctly 
granular. 

Found in Spain, in Bavaria, in Finland, and other 
localities. 

Dipyre. Lencohtc , No. 343. 

Haiiy, 2.596. Phil. 45. Haid. 2 264. Leon. 475. 

Occurs in small imbedded crystals. 

Primary form not determined. Fracture conchoidal. 

Hard. 5.0, 5.5. Sp.gr. 2.63. Opaque. Lustre 
internally vitreous. Colour greyish and reddish- 
white. 

Found in the Western Pyrenees. 

Disluitk, No. 344. 

Occurs at Franklin, New Jersey, North Americ.i, in 
regular octahedral crystals imbedded in carbonate 
of lime. 

Colour yellowish-brown. No published description 
or analysis. Possibly brown Spindle. 

Domjtk, No. 345. 

Phil. 203. 

Occurs in white, greyish, or yellowish, earthy or pul- 
verulent, amorphous, masses, at Puy de Dome, in 
Auvergne. 

EoiNoroNirR, No. 221. 

E.J.S. 3.316. Leon. 731. 

Occurs in attached crystals in the cavities of Thom- 
sonite. 

Primary form, according to Haidingcr, a Square 
prism. Cryst. fig. 65. Cleavage parallel to the 
lateral planes. Fracture uneven. Hurd. 4.0, 4.5. 

Sp.gr. 2.71. Translucent. Lustre vitreous. Co- 
lour greyish-white. Streak white 

Found in the neighbourhood of Dumbarton, Scotland. 

Elaolite. Ftttdein, Lythrodes . Sodaile No. 238. 

3 T 
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Unuy, 4.505. Phil. 136. ITuid. 3.93. Leon. 468. 

Occurs in amorphous masses, with cleavages parallel 
to the lateral planes, and both the diagonals of a 
Rhombic prism of 112°. Fracture cnnchoidnl. 
Hard. 5.5, G.O. Sp.gr. 2.55, 2 62. Translucent. 
Lustre vitreo-rcsinoua, sometimes fatty, occasion- 
ally opalescent. Colour greenish or bluish-grey, 
or greyish or brownish-red. 

Found in Norway imbedded in Syenite. 

Emerald. Beryl . Aquamarine , No. 322. 

Ilauy, 2.504. Phil. 102. Raid. 2.316. Leon. 391. 

Occurs in attached and imbedded crystals and mas- 
sive. 

Primary form a Rhomboid. Cuyst. fig. 106. P,P'~ 
104° 28'. Cleavage parallel to all the planes of a 
regular hexugonal prism, the form it generally 
assumes. Fracture uneven. Hard. 7.5, 8.0. 

Sp.gr. 2 68, 2.732. Transparent, translucent. 
Lustre vitreous. Colour various shades of green, 
blue, and yellow. Streak white. 

Massive varidies , amorphous, structure large granu- 
lar, nr globular with a fibrous structure. 

Found in ( oluinbia, Peru, Brazil, North America, 
Siberia, and in several parts of Europe. 

EriooTK. Vistazite. Thallite \ No. 289. 

Uaiiy, 2.568. Phil. 41. ilaid. 2.282. Leon. 476. 

Occurs in attached and imbedded crystals, massive 
and granular. 

Primary torin an Oblique rhombic prism. Crypt. 
fig. S3. 1\M = 103° 10'. M,sVF = 63° 25'. 

Cleavage parallel to P and h, fi". 91. Fracture 
uneven. Hard. 6.0, 7.0. Sp.gr. 3.4*25, 3.45. 
Transparent to opaque. Lustre vitreous. Colour 
various shades of green, greenish-grey, brownish- 
yellow, and blacUisl»-rcd. Streak greyish -white. 

Massive varieties, amorphous. Structure granular, 
compact, fibrous. Occasionally arenaceous. 

Found in many parts of Europe and America, and in 
the East Indies. 

Tlmlitc and Withuinitc have been referred to this 
species. 

Epistilwte, No. 214. 

E.J.S. 4.*286. Leon. 735. 

Occurs in crystals attached to a mass of the same 
substance. 

Primary form a Right rhombic prism. CnvsT. fig. 71. 
1V1.M' = 135° It?. Cleavage parallel to the short 
diagonal of the prism. Fiactu re uneven. Hard. 
4.5. Sji.gr. 2.25. Transparent, translucent. Lustre 
vitreous. Colour white. Streak white. 

Found in Iceland aud the Faroe Islands. 

Erlvnite, No. 243. 

An. n.s. 8. 389. Leon. 736. 

Occurs massive and amorphous, forming a bed of 100 
fathoms in thickness. Structure granular, com- 
pact. Fracture foliated, splintery. Hard. 5.5. 
Sp.gr. 3.0, 3.1. Opaque. Lustre very feeble. 
Colour greenish-grey. Streak white, shining. 

Found in the Saxon Erzgebirge, near Erla 

Used as a Dux by iron smelters. 

Euclase, No. 323. 

Hatty, 2.528. Phil. 101. Ilaid. 2.313. Leon. 395. 

Occurs in detached crystals in alluvial ground in 
Brazil. 

Primary form an Oblique rhombic prism. Crest, fig. 
83. P,M = 118° 46'. M,M' = 1 14° 50'. Cleav- 
age parallel to the terminal plane, and horizontal 


diagonal, indistinct, but very distinct parallel to Mineralogy 
the oblique diagonal. Fracture uneven. Hard. 

7.5. Sj^.gr. 3.098. Transparent. Lustre vitreous. 

Colour pale bluish -green, blue, and white. Streak 
white. 

Eu hyalite, No. 329. 

Phil. 122. Ilaid. 3.96. E.P.J. 12.81. Leon. 390. 

Occurs in imbedded crystals aud massive. 

Primary form a Rhomboid. Cryst, fig. 106. P,P' 

= 73° 10'. Cleavage parallel to a, fig. 107. and 
to p t fig. 121. Fracture uneven. Hard. 5.0, 5.5. 

Sp.gr. 2.9. Faintly translucent, opaque. Lustre 
vitreous, sometimes dull. Colour brownish-red. 

Streak white. 

Massive randies , imbedded and amorphous. 

Found in (jrceuland. 

Faiilunite. Triddasiie, No. 265. 

If ally, 3.1 10. Phil. 56. Ilaid. 3.97. Leon. 737. 

Occurs in imbedded, regular, hexagonal prisms, and in 
amorphous masses. Cleavage perpendicular to 
the axis of the pi ism. Fracture uneven. Hard. 

5.0, 5 5. Sp.gr. 2.66. Nearly opaque. Colour 
blackish, yellowish, and greenish-brown. Streak 
greyish- white. 

Found at Fuhlun in Sweden. 

This has been described as a Right rhombic prism of 
109° 28', and it is said to be cleuvable parallel to 
the lateral planes. 

Felspar. Or those. No. 226. 

Uaiiy, 3.79. Phil. 113. Ilaid. 2.25 L. Leon. 424. 

Occurs crystallized and massive. 

Primnrv form an Oblique rhombic prism. P,!\I =rr. 

1 1 2° 35'. M ,M'~ L 1 8° 5S'. Cleavage parallel to 
the terminal plane aud the oblique diagonal, dis- 
tinct; less so parallel to M aud M'. Fracture 
conchoidal, uneven. Hard. 6 0. Sp.gr. 2.5, 2.6. 
Transparent, translucent. Lustre vitreous. Co- 
lour white, grey, green, red, of ditlercnt shades. 

Streak greyish-white. 

Massive varieties, amoi plums. Structure granular, 
compact. Sometimes in imbedded globular con- 
cretions. But it will probably be found that sii’.cral 
distinct Minerals have been classed as compact 

felspar. 

Found in all parts of the World. 

Fousteruk, No. 346. 

An. x.s. 7.59. Ilaid. 3.102. Leon. 739. 

Occurs in attached, small, brilliant crystals. 

Primary form a Right rhombic prism. Cryst. fig. 

7J. M,M' =128° 54 # . Cleavage parallel to P. 

Harder than quartz. Translucent. Lustre vi- 
treous. Colour white. 

From Vesuvius, uccomj)anied by Plconaste und Py- 
roxene. 

FnEiRLFniiv, No. 347. 

Lucas, 2.216. 

Is described as having a foliated fracture. Hard, 
about 3.0. Considerable lustre. Colour blue, some- 
times greyish. Soft to the touch, insoluble in 
water. 

No locality or analysis given. 

Fuscjte, No. 348. 

Phil. 204. Leon. 474. 

Is said by Phillips to be a Rhombic prism of 87° and 
93°; is considered by Hui( linger to be Pyroxene, 
and by Leonhard to be Scapolite. It is, therefore, 
a doubtful species. 
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Found near Arendahl in Norway. 

Garronite, No. 23*2. 

Phil. 139. 

Occurs crystallized and massive. Primary, form a 
Square prism. Cryst. fig. 65. Cleavage parallel 
to the lateral planes, indistinct. Fracture uneven. 
Hard, about 5.0. Sp.gr. 2.9. Opaque. Dull. 
Colour bluish or greenish-grey, red. 

Found only in Norway. 

Gaunkt. Precious, Almandine . Black, Mvlanite , Py- 
reneite . Greenish-yellow /irossularia, Yellow, crys- 
tallized, Topazolite; granular, Succinite, Brown- 
ish-yellow, granular, Colophonife, Greenish, com- 
pact, Allochroite, Red, Vyrope, Carbuncle , Red- 
dish -brown, Essonite, Cumamon-stonc , Roman - 
zovitc, Magnesian, Rothoffitc , No. 294—30]. 

Probably some of these are distinct species, although 
their crystals are similar in form. 

II any, 2.213. Phil. 2G. Haul. 2.359. Loon. 4S7. 

Occurs in attached ami imbedded crystals of the form 
of rhombic dodecahedrons, granular mid massive. 

Primary form a Cube. Chyme fig. 5 6. Cleavage 
parallel to the planes of the rhombic dodecahedron, 
very indistinct. Fracture uneven. Hard. (5.5, 7,5. 
Sp gr. 3.(i, 4.2. Transparent, translucent, rarely 
opaque. Lustre vitreous, resinous. Colour va- 
rious shades and combinations of green, yellow, 
red, brown, black, white. Streak white. 

Massive varieties , amorphous, structure granular, com- 


pact. 

Found in most of the mountainous parts of the 
World. 

Gnii.KNiTF, No. 303. 

Hafiy, 2.557. Phil. 35. Ilaid. 3. 102. Leon. 21*?. 

Occurs in imbedded and ma.-sive aggregations of 
rectangular, or slightly rhombic crystals. 

Primary form uncertain. Cleavage parallel to the 
planes of a rectangular or rhombic prism. Frac- 
ture uneven. Hard. 5.5, 6.0. Sji.gr. 3.029. 
Slightly translucent, ojmqtie. Lustre slightly vi- 
treous, resinous. Colour grey, sometimes yellow- 
ish or greenish. m 

Found only in the valley of Fassa in the Tyiol. 

(Jims ec kite, No. 264. 

Phil. 113. Haul. 3.104. Leon. 461. 461, 465. 

Occurs in imbedded crystals in the form of hexagonal 
prisms. 

Structure of the crystals granular. Fracture uneven. 
Hard. 2.5, 3.0. Sji.gr. 2.S32. Ojiaque. Lustre 
slightly resinous. Colour brownish-grey and 
greenish. Streak white. 

Found in Greenland by Sir Charles Giesecke. 

Gioantoi.ite, No. 349. 

A name given by Nordenskiold, on account of the size 
of the crystals, to a Mineral occurring in Finland, 
but first ibund at Schueeberg in Saxony, and then 
•called Finite. The Saxon specimens are decom- 
posed, soft, and dull red. The Finland Mineral 
is not decomposed, and is dull dark green. Both 
varieties present the form of imperfect hexagonal 
prisms, and may be split into thin jilates. The 
same substance has been found in North America, 
and named Phyllitc. 

Glal'comtk, No. 244, 

P.M. and An. 2.463. Leon. 742. 

Occurs massive. Structure crystalline. Cleavage 

parallel to the planes of a Rhombic prism, of about 


107 or 14,)° 30', indistinct. Fracture uneven. Minora Imi*v 
H ard. 5.0, 6.0. Sp gr. 2.7, 3.2. Translucent. v — v— 
Lustre viticous. Colour lavender-blue, gieeu. 

Streak lighter. 

Found near the lake Baikal in Siberia. 

This Mineral affords an instance of the disadvantage 
of significant names, as at least three different sub- 
stances have been so called, merely on account of 
their colour, one of which, from Norway, has a 
cleavage parallel to the planes of the rhombic do- 
decahedron, and another has no apparent cleavage. 

G m e in n itf*. IlydroliU\ Do Drtk\ No . 2 L 1 . 

Ilauy, 3.177. Haid.3.l04. Leon. 742. 

Occurs in attached crystals of the form of hexagonal 
prisms, lining cavities in traj> rocks. 

Primary form a Rhomboid. Cryst. fig. 106. Cleav- 
age parallel to the primary planes. Fracture 
uneven. Hard. 4.5. Sp.gr. 2.05. Translucent. 

Lustre vitreous. Colour white, and pale dull yel- 
low and red. Streak white. 

Found in the Viccnti, in Ireland, and in North Ame- 
rica. 

Gold, 

а. Native gold. No. 17. 

ilauy, 3.235. Phil. 322. Haul. 2.136. Leon. 707. 

Occurs only in a metallic state, crystallized, and mas- 
sive. 

Primary form a Cube. Cryst. fig. 56. No cleavage. 

Fracture hackly. Hard. 2.5, 3.0. Sp.gr. 14.H57. 

OjKiquc. Lustre metallic. Colour yellow, of 
several shades. Streak shining. 

Found in North America, Mexico, Brazil, Peru, ami 
other parts of South Ameiica, and in several jiarls 
of Europe, Amu. and Afiica. 

Native Gold is usually alloyed with a small quantity 
of silver. When the j)ioj;ortion is considerable ihe 
compound passes under the name of 

б. EiiFcrutM, No. 1H. 

Green Eurrn, Talc Zu^raphiqae % No. 257. 

Ilauy, 2. 493. Phil. 117. Ilaid. 2. 193. Leon. 1K9. 

Occurs massive, imbedded in or lining the cavities of 
trap rocks. Fracture earthy. Hard. 1.0, 1.5. 

Spgr. 2>3i. Opaque. Dull. Colour greyish, 
bluish, blackish-green. Streak shining. 

Found in the Faro Islands, and in several parts of 
Europe, particularly near Verona, and generally 
wherever amygdaloida] rocks occur. 

Several apparently different substances are so named 
on account of their colour and earthy fracture. 

Crystals of a green earthy substance of the form of 
Py roxene are occasionally found in trap rocks. 

IIaiimotomk. Andreolitc, Ercinite, No. 220. 

Ilauy 3.142. Phil. 56. Ilaid. 2.229. Leon. 196. 

Occurs in attached crystals, generally intersecting 
each other lengthwise. 

Primary form a Right rhombic prism. Cryst. fig. 

71. M,M'= 110°; Levy. Cleavage parallel to 

the primary planes, aiul to both the diagonals of 
the prism. Fracture uneven. Hard. 4.5. Sp.gr. 

2.35, 2.39. Transparent, translucent. Lustre 
vitreous, sometimes pearly. Colour greyish, yel- 
lowish, red dish -white. Streuk white. 

Found in Scotland, anil in several places on the 
Continent of Europe. 

The crossed msftaK most commonly met with are 
3 t 2 
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M n.i.i'tigy from Andreusberg, and the simple ones from Stron- 
tian in Scotland. 

Harringtonitk, No. 350. 

A white snhsUmce so named from Ireland. It occurs 
in thin tabular masses, with a tine granular struc- 
ture, and may possibly lie only a variety of some 
Known Mineral. 

IIauwe. Latialite, No. 565. 

Hatty, 2.335. Phil. 374. Ilaid. 3.107. Leon. 459. 

Occurs in attached dodecahedral crystals, granular, 
and massive. 

Primary form a Cube. Ciiyst. fig. 5G. Cleavage 
parallel to the diagonal planes of the cube, in- 
distinct. Fracture uneven. Hard. 5.5, 6.0. Sp gr. 
2.68. Transparent to opaque. Lustre vitreous. Co- 
lour blue, sometimes greenish, white. Streak white. 

Massive varieties , amorphous, structure granular, 
compact. 

Found in the cavities of ancient lavas, and in the 
liagments of rocks ejected from Vesuvius. 

II i.nrNitF.iMiiTF., No. 351. 

Hatty. 4 495. Phil. 66. Leon. 506. 

is said by Phillips to measure the same as Atnphibole; 
by Levy to he Pyroxene; by Herzclius to cleave 
into obtuse rhomboids , similar to that of carbonate 
of lime ; and by Hatty, into octagonal prisms with 
u base oblique to the axis. It is uncertain, there- 
fore, to what Mineral the published descriptions 
really apply. 

Ur lyin', No. 302. 

Jinny, 2.333. Phil. 244. Ilaid. 2.357. Leon. 462. 

Occurs in attached and imbedded tetrahedral or octa- 
hedral crystals. 

Piimary form a Cube. Ciiyst. fig. 56. Cleavage 
parallel to the planes of the regular octahedron, in- 
distinct. Fracture uneven. Hard. 6.0, 6.5. Sp.gr. 
3.166. Translucent. Lustre vitrco-rcsinous. Colour 
dull yellow, sometimes brownish. Streak white. 

Found at Schwarzenberg in Saxony. 

IVkkdkiuti-, No. 352. 

P.M.and An. 4 1. 

Occurs in imbedded crystals. 

Primary form a Right rhombic pi ism. Cryst. fig. 
71. M,M' = 115° 53'. Cleavage parallel to the 
lateral planes, and to the long diagonal of the prism. 
Fracture small conchoidal. Hard. 5.0. Sp gr. 
2.9K5. Nearly transparent. Lustre vitreous, 

slightly inclined to resinous. Colour yellowish 

and greyish-white. Streak white. 

Found imbedded in Fluor at Ehrenfriedersdorf in 
Saxony. 

II r.uscii elite, No. 353. 

An. n.s. 10.361. Leon. 745. 

Occui s in attached hexagonal crystals in the cavities 
of granular olivine. 

Primal y form a Rhomboid. Cryst. fig. 106. P/f 
about 132°. No perceptible cleavage. Fracture 
conchoidal. Hard, about 4.0. Sp.gr. 2 11. 
Translucent. Opaque. Colour white. 

Found at Aci Reale in Sicily. 

I! i: ii. a suite. Ifaydenite , No. 215. 

IJaiiy, 3.155. Phil. 38. Ilaid. 2.242. Leon. 745. 

Occurs in attached crystals and massive. 

Primary form an Oblique rhombic prism. Cryst. fig. 
h3. I\M == 108° l'. . M,M' = 97° 39'. Cleav- 
age parallel to the oblique diagonal of the prism, 
very distinct . Fracture iiiio\cu. Hard. 3.5, 4.0. 


Sp.gr. 2.2. Transparent, translucent. Lustre 1°*? 
vitreous, on the clea\agc planes pearly. Colour 
white, grey, yellow, red, brown. Streak white. 

Massive varieties , granular. 

Found principally in Iceland and the Faroe Islands, 
and generally lining cavities in trap rocks. 

Ills inue a irK, No. 172. 

Phil. 204. Ilaid. 3.108. Leon. 212, 746. 

Occurs massive, with a distinct cleavage in only one 
direction, and an earthy fracture. Soft. Sp.gr. 

3.045. Opaque. Colour black. Streak greenish-grey. 

Found in Sviirta Parish, Sudermanland. 

II unite, No. 354. 

Bour.Cat. 52. Phil. 205. Haid. 3.110. Leon. 747. 

Occurs in attached crystals. 

Primary form a Right rhombic prism. Cryst. fig. 71. 

M,M' — 120°. Cleavage parallel to M and M' dis- 
tinct and bright. Fracture uneven. Hard. 6.5, 7.0. 
Transparent, translucent. Lustre vitreous. Colour 
brownish-yellow and light reddish-brown. Streak 
white. % ” • » 

Found oil Monte Somma. 

Hyalosiderite, No. 284. 

Ilaid. 3.111. Leon. 533. 

Occurs in imbedded crystals in a brown basaltic 
amygdaloidal rock. 

Primary form a Right rhombic prism. Ciiyst. fig. 7 1 . 

M,M' =105°; W.P. Cleavage parallel to P. 

Fracture uneven. Hard. 5.5. Sp.gr. 2.875. Trans- 
lucent, opaque. Lustre vitreous, superficially 
metallic. Colour reddish-brown. Streak light brown. 

Found at Kaiscrstuhl in Urisgaw. 

The form and measurements of this Mineral agree 
very nearly with those of Olivine. 

IIypersthenk. Diallage metalloid^ var. Labrador 
Hornblende. Paulite , No. 285. 

llaiiy, 2.4 17. Phil. 70. Ilaid. 2.209. Leon. 516. 

Occurs in crystalline masses, sometimes presenting 
parts of the natural surfaces of crystals. Cleav- 
age parallel to the lateral planes of n ihombic prism 
ot 93° 30', and to both diagonals. Fracture 
uneven. Hard. 6.0. Sp.gr. 3.389. Opaque. Lustre 
metallic in one direction, on the cross fracture, vi- 
treous. Colour on the metallic looking surface 
reddish, in other directions greyish or greenish- 
Llaek. Streak greenish-grey. 

Massive varieties , umorphous. 

Found at Labrador, and in the Island of St. Paul. 

This and the Uronzitc and Schiller spar have the 
same cleavages and measurements. 

Jadi:. Jgida, its Indian name. Axe stone . Beilstein. 
Nephrite? Sn ussy rite ? No. 306. 

Hatty, 4.498. Phil. 134. Haid. 3.149. Leon. 422. 

There is much uncertainty and confusion in the pub- 
lished description of Jude, Nephrite, and Saussur- 
ite ; and it is not apparent what the Mineral i§ to 
which the name Igida has been applied in India. 

The Axe stone of the South Sea Islands appears to 
be a compact amianthus, or a serpentine enveloping 
a considerable quantity of amianthus. Werner's 
Jade or Beilstein is a brittle, yellowish-brown, fibrous 
Mineral. It is probable that the Chinese Jade is 
the substance which is abo named Yu, and is be- 
lieved to be Preimite. 

a. Nephrite, No. 307. This has been described as fol- 
lows. 

Ilatty, 4.498. Phil. 134. Haid. 3.131. Leon. 764, 
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Mineralogy Occurs massive. Structure fibrous, compact. Fracture 
splintery. Hard. 7.0. Sp.gr. 2.9, 3.0*2. Trans- 
lucent, opaque. Colour green of several shades. 
Very tough. • • 

Found in China, Egypt, and the Islands in the South 
Seas, where it is cut by the natives into various 
forms. 

b. Saussurite,No. 308. This, which has been called by 
Ilauy Felspath ten ace, has also received the names 
Jade , Axe stone , &c. as synonyms, and is described 
as follows. 

Hafly, 3.95. Phil. 135. Haid. 3.148. Leon. 422. 

Occurs massive. Structure foliated, granular. Cleav- 
age parallel to the planes of u Rhombic prism of 
about 124° ; Haid. Fracture splintery. Hard. 
5.5. Sp.gr. 2.25, 3.35. Nearly opaque. Lustre 
pearly. Colour greenish and greyish-white. Streak 
white. 

Found in Corsica, Stiria, and some other places. 

A more precise examination of these Minerals, and 
* more distinct descriptions and analysed are necessary 
to a correct separation of the several varieties into 
more definite species. Specimens occur in Mineral 
cabinets under some or all of these names, which 
do not agree with any of the published descriptions. 

Ideritk, No. 355. 

An. 3.152. 

Occurs in attached slender, four-sided prisms, with 
terminal faces obliquely truncated, and massive 
with a radiated structure. 

Primary form not sufficiently described, and no mea- 
surements given. Cleavage parallel to the axis of 
the prism in two directions. Fracture uneven. 
Very soft. Translucent on the edges of the crystals. 
External lustre nearly dull, internal vitreous. Colour 
while. Adheres slightly to the tongue. 

Found near Teflis in Georgia. 

Is perhaps Laumouitc, or one of the already known 
members of the family of Zeolites, in a state of par- 
tial decomposition. 

Idocrase. Vesuvian. Wiluile . Egeran. Red, Fnrgar- 
difr . Greenish-yellow, Loboile. Blue, Cyprine. 
No. 291 to 293. 

Ilauy. 2.541. Phil. 33. Haid. 2.354. Leon. 483. 484. 

Occurs iu attached and imbedded crystals, and mas- 
sive. 

Primary form a Square prism. Cr\st. fig. 65. Cleav- 
age parallel to the primary planes, distinct, und 
less so parallel to the diagonals of the prism. Frac- 
ture uneven. Hard. C 5. Sp.gr. 3.08, 3.4. Trans- 
parent, translucent. Lustre vitreo-resinous. Co- 
lour several shades of grey, blue, green, yellow, 
brown, black. Streak white. 

Massive varieties, amorphous. Structure fibrous, gra- 
nular, compact. 

Found origiuaily in the neighbourhood of Vesuvius, 
and since in many parts of Europe, and in Asia 
and America. 

Jeffersonite, No. 273. 

Haid. 3.115. Leon. 505, 506. 

Has the form, measurements, and most other charac- 
ters of Pyroxene. 

Found near Sparta, New Jersey, North America. 

Ilmenite, No. 356. 

P.M. and An. 10.187. E.P J. n.s. 3.187, 386. 

Occurs in imbedded crystals in Cleavelaudite. 

Primary form a Right rhombic prism. Cryst. fig. 71. 
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M.M' = 136° 30*. Xo cleavage observed. Frac- Mineralogy 
tore uneven. Haul. 5.0. Sp.gr. 5.43. Opaque. 

Lustre vitreous. Colour black. 

Found near Lake Ilmen in Siberia. 

Indianitr, No. 315. 

Phil. 44. Haid. 3.113. Leon. 748. 

Occurs in granular masses. Bart of a fragment at 
the British Museum having afforded a measure- 
ment of 95°15 # on cleavage planes. Hard. 5.0, 

5.5 Sp.gr. 2.74. Bournon. Translucent. Colour 
nearly white. 

Found in the Carnatic in India. 

JiumvM. 

a. Osmiuret of Iridium, No. 16. 

Hatiy, 3.234. Phil. 326. Haul. 3.1 14. Leon. 701. 

Occurs in loose hexagonal crystals, and flattened 
grains, accompanying native plalina. 

Primary form a Rhomboid. Ciiyst. fig. 106. P,P' 
not ascertained. Cleavage perpendicular to the 
axis, very distinct. Hard. 4.5, 5.0. Sp.gr. 19.5. 

Opaque. Lustre metallic*. Colour pale sieel-grey. 

Found iu South America and in the Uralian moun- 
tains. 

Tuny. 

Aluminale of Iron ? 

a. Skorian, No. 149. 

Breit. 88. 

Occurs in amorphous masses, resembling a slag or 
scoria. 

Primary form apparently a Rhombic prism. Cleav- 
age uneven. Fracture conehoidal, uneven. Hard. 

8.0, 8.5. Sp.gr. 3.7, 3.8. Lustre vitreous. Colour 
black. 

Found at Biscliofislcin in Bavaria and at Schandau 
in Saxony. 

Cubic Arseniatc of Iron. 

a. PllM M A k os IDE hit, No. 409. 

Ilauy 4.135. Pliil. 211. Haid. 2.162. Leon. 165. 

Occti *s iu attached crystals, and sometimes massive. 

Primary form a Cube. Ciiyst. fig. 56. Cleavage 
parallel to the primary planes, indistinct. Fracture 
uneven. Hard. 2.5. Sp.gr. 3.0. Transparent, 
translucent, opaque. Lustre vitreous. Colour 
green of several shades, yellowish-red, yellowish 
and greenish-brown. Stieak a paler colour. 

Massive variity, amorphous, structure granular. 

Found principally in Cornwall, also at St. Leonhard in 
France, at Schwartzenberg in Saxony, and at Frank- 
lin, North America. 

Rhombic Arseniatc of Iron. 

a. Skorodite. Martial Arseniatc of Copper of Bour- 
non, No. 468. 

Phil. 320, 321. Haid. 3.149. Leon. 166. 

Occurs in attached crystuls and massive. 

Primary form a Right rhombic prism. Ciiyst. fig. 

71. M,M'= 120° 10'. Phil. Cleavage, parallel 

to the primary planes, indistinct. Fracture uneven. 

Hard. 3.5, 4 0. Sp.gr. 3.16. 3.2. Transparent, 
translucent, opaque. Lustre vitreous, brighter on 
the natural than the fractured surfaces. Colour 
bluish and blackish-green, brown, black. Streak 
white. 

Massive varittics, globular, structure fibrous, radia- 
ting. 
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Mineralogy Found in Cornwall, Saxony, Carinthia, and in 
'~* m v 0m *** more perfect crystals ii^Rruzil. 

Berzelius seems to consider the variety from Brazil 
as a distinct species, but as it agrees in measure- 
ment with the others, it is probable that the ana- 
lysis of more perfect specimens would lead to a 
different conclusion. 

Arseni air of Iron ? 

a. Vittizite. Tron pitch ore ? Iron sinter ? No. 470. 

Phil. 236. Haul. 3.1 15. Leon. 128. 

Occurs in reniform and slahutiiic masses. Structure 
compact. Fracture conchoidal. Soft. Sp.gr. 2.4. 
Translucent, opaque. Lustre vitreous. Colour 
brown of di lie rent shades. 

Found in Saxony and Silesia. 

An uncertain species, and probably comprehending 
several distinct Minerals, as specimens have been 
received in this Country under these names, differ- 
ing from each other in all their physical charac- 
ters. 

h . Arsen He of Iron ? No. 471. 

Biit. Min. 5 273. 

Desciihed by Gregor as massive, compact to earthy. 
Lustre dull waxv. Colour dull bluish-olive-green. 

Funnel in Cornwall. 

Carbonate of Iron. 

a. Carbon at u ok Iron. Brown Spar . Sphathose 

Iron. SphdrosrfJcrit , when botryoidal or globular, 
No. 452. 

11 miy, 4.113. Phil. 236. Haul. 2.102. Leon. 29G,7. 

Occurs in attached crystals and massive. 

Piimury form a Rhomboid. Crysi\ fig. 106. P,P' 
= 1 07°. Cleavage parallel to the primary planes, 
distinct. Fracture imperfect conchoidal. Hard. 
3.5, 4.5. Sp.gr. 3.6, 3.S29. Transparent, trans- 
lucent, opaque. Lustre vitreous, inclining to pearly. 
Colour white, yellowish, and greenish-grey, yellow, 
red, and brown of d liferent shades. 

Massive, varieties tabular. Structure fibrous, the 
direction of the fibres nearly perpendicular to the 
flat surfaces; botryoidal and globular, structure 
fibrous, diverging; amorphous structure, foliated, 
granular, compact. 

Found in Cornwall, Scotland, and Ireland, and in 
many metallilerous veins in other parts of Europe 
and in America. 

At liliaceous Carbonate of Iron. 

a. C lay Iron Stunk, No. 453. 

I laid. 2.408. Phil. 237. Leon. 235,6 ; 550,1. 

The different clay iron stones appear to be carbonates 
of iron mixed with different proportions of silex, 
clay, and other foreign matters. 

Carburet of Iron. 

a. Gratmiith. Hlavk Lead. Plumbago^ No. 42. 

Hatty, 4 85. Phil. 364. Haiti. 2.191. Leon. 674. 

Occurs wi imbedded crystals of the form of regular 
hexagonal prisms, and massive. Primary form a 
Rhomboid. Cryst. fig. 106. P,l v unknown. 
Cleavage parallel to the terminal planes of the 
prisms, very distinct, and the lamina* flexible. Frac- 
ture uneven. Hard. 1.0, 2.0. Sp.gr. 1.8, 2.1. 
Opaque. Lustre metallic. Colour iron or steel- 
grey, or blackish-grey. Streak black, shining. 

Massive varieties , in irregular tiodules and amor- 
phous. Structure foliated, granular, compact. 

Found fn various parts of Europe and America, and 
appears to be intimately related to Anthracite. 


The finest kind found in this Country occurs at Bor- Mineralogy 
radaile, in Cumberland. 

The difference of composition between the foliated and 
granular varieties does not appear to have been 
ascertained. 

b. SlDEIlOORAPHITE, No. 43. 

Sill. 2.176. Leon. 716. 

Resembles laminated plumbago. Sp.gr. 5.114. Mag- 
netic. Consists of metallic iron and plumbago. 

Found at Schooley’s Mountain, New Jersey, North 
America. 

Chromate of Iron. 

a . Chromate op Iron, No. 420 . 

Haily, 4.130. Phil. 210. Haid. 2.396. Leon. 557. 

Occurs in imbedded octahedral crystals and grains, 
and massive. Primary form a Cube. Cryst. fig. 

56. Cleavage parallel to the planes of the regular 
octahedron. Fracture uneven. Hard. 5.5. Sp.gr. 

4.0, 5.0. Opaque. Lustre imperfect metallic. 

Colour dark brown, black. Streak brown. 

Massive varieties , amorphous. Structure granular, 
the grains sometimes separated by their partitions of 
talc coloured by chromic acid ; compact. 

Found in Scotland, in the Shetland Llands of 
Unst and Fetlar ; in France, and other parts of 
Europe ; in Siberia, and near Baltimore, at Ho- 
boken, New Jersey, and some other places in North 
America. 

Native Iron. 

a. Meteoric ? 

Aerolite. Meteorite , No. 1. 

Ilaiiy, 3 531. Phil. 213. Haiti. 2.442. Leon. 713. 

Occurs disseminated in aeiolites or meteoric stones, and 
in compact and vesicular masses, the cavities being 
sometimes filled with compact olivine, it is abo 
said to have occurred crystallized in the form of the 
regular octahedron. 

Primary form a Cube. Cryst. fig. 56. No apparent 
cleavage. Fracture hackly. Hard. 4.5. Sp.gr. 

6.49, 7.768. Opaque. Lustre metallic. Colour 
pale steel-grey. Streak the same, shining. 

Found in meteoric stones in various parts of the 
World, in compact and vesicular masses in Siberia, 

Peru, Mexico, North America, the Cape of Good 
Hope, and in several parts of Europe. Knives of 
meteoric iron were found in possession of some of 
the Esquimaux Tribes in North America, 

b. Terrestrial Native Iron , No. 2. 

Hatty, 3.531. Phil. 213. Haul. 2.442. Leon. 715. 

Occurs massive in thin plates, ramose or cellular, some- 
times covered by brown oxide of iron. Lustre 
metallic. Colour lighter than common iron. 

Found near Grenoble in France, and at Stcinbach, 

Eibestock, and Hamsdorf in Saxony. 

SJ. 12.155. No. 3. 

Occurs as a thin stratum, in n mass of mica slate, 
coated with crystalline graphite. Cleavage uncer- 
tain. Hardness the same as metallic iron. 8p.gr. 

5.95, 6.72. Colour less silvery-white than me- 
teoric iron. Malleable. 

Found at Canaan, Connecticut, United States. Not 
alloyed with any other metal. 

c. Terrestrial Native Iron containing Arsenic , No . 4. 

S J. 14 183. Leon. 663 

Cleavage parallel to planes inclining to each other 
at about 120°. Fracture hackly. Hardness nearly 
that of ordinary steel. Sp.gr. 7.337. Ltistre of 
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Mineralogy the cleavage planes highly metallic. Colour grey- 
isli v silver-white. Malleable. 

Found in Bedford County, Pennsylvania, United States. 

d. Volcanic Native Iron , No. 5. 

Phil. 214. 

Found in the Department of Puy de Dome in France, 
in a ravine formed by torrents across the lava and 
scoriie of the mountain of Graveneirc. 

e. Terrestrial Native Steel ? No. 6. 

S.J. 12.155. 

Found with the native iron at Canaan, Connecticut, 
in small ungular fragments. Structure granular. 
Scratches glass. Colour silvery white. Brittle. 
f Volcanic Native Steel ? No. 7. 

Phil. 214. 

Found near La Bouiche, in the Department of Allier, 
France, near a coal mine which appeared to have 
undergone spontaneous combustion. 

Oxalate of Iron, 
a. Humboldtine, No. 691. 

Hatty, 4.139. Phil. 242. Haid. 3.110, Leon. 789. 

Occurs crystalline and massive. Primary form not 
ascertained. Soft. Sp.gr. 1.3. Opaque. Dull. 
Colour brightish yellow. 

Massive variety , small, flattish, reniform pieces. Struc- 
ture tine earthy. 

Found near Bilin in Bohemia. 

Oxydu tous Iron, 
a . Magnetic InoN, No. 126. 

Iiaiiy, 3.560. Phil. 221. ITaid. 2.399. Leon. 554. 

Occurs in attached and imbedded crystals, arenaceous 
and massive. 

Primary form a Cube. Ciiyst. fig. 56. Cleavage 
parallel to the planes of the regular octahedron, 
distinct, but in some varieties not obtainable. Frac- 
ture conchoidal, uneven. Hard. 5.5, 6.5. Spgr. 
4.4, 5.1. Opaque. Lustre metallic, occasionally 
bright. Colour iron-black. Streak black. 

Massive varieties , amorphous. Structure granular to 
compact. 

Found in several parts of North and South America 
and Europe, and in the East Indies and China. 

Titanium is frequently contained in magnetic iron, 
but the varieties containing it have not hitherto been 
well distinguished. 

Oxide of Iron. 

a. Cry stalli zed and retaining the metallic lustre, 

Ojligiste Iron. Specular Iron , Micaceous Iron , 
No. 125. 

ITauy, 4.5. Phil. 224. Haid. 2.404. Leon. 545. 

Occurs in attached crystals and massive. 

Primary form a llhomboid. Ciiyst. fig. 106. P,P'= 
86° 10'. Cleavage parallel to the primary planes, 
and perpendicular to the axis. Fracture uneven, 
conchoidal. Hard. 5.5, 6.5. Sp.gr. 5.0, 5.251. 
Opaque. Lustre metallic. Colour deep steel-grey 
to iron-black, frequently with a brilliant iridescent 
tarnish on the surface. Streak red, and reddish- 
brown. Slightly magnetic. 

Massive varieties , amorphous, structure foliated. 

Found in the Isle of Elba, and in many other parts 
of Europe. It also occurs in the lava of Auvergne 
in France, and in that of Vesuvius. 
h. Crystallized, but without metallic lustre , the crystals 
being very minute and thin , and frequently trans- 
parent 

Goe T urns. Pyrosidtrite . Iron Froth , 


The first of these varieties omirs in \erv thin, trims- Mineralogy 
parent, cn stallme plates, in the cnxiucs <>t hi.n| v 
Hematite. 'File iron froth consist*- of veis thin, 
brownish-red, scaly particles, which arc slightly (,«»- 
herent, with a greasy feel, and staining the lingns. 

It is found plentifully in Dcvonslmc and Lancashire, 
and generally accompanies other vaiieties ot this 
species. 

c. Fibrous , compact , and earthy masses . 

Red Hematite. 

Leon. 548. 

1. Occurs in globular and botryoidal. shapes. Struc- 
ture fibrous, generally radiating. Sp.gr. 4.7, 5 U. 

Opaque. Sometimes with a metallic lustre extei- 
nally ; sometimes dull. Internally nearly dull. 

Colour externally bluish- grey, greyish-red, red ; 
internally red. Streak red. 

Found at U1 vers tone in Lancashire, in considerable 
quantities, and in other parts of Great Britain and 
Europe. 

2. Amorphous masses. Structure compact, and 
sometimes slaty. Sp gr, 3.5, 5.0. Fracture coil- 
choidol. Lustre and colour nearly the same as 
the preceding variety. 

3. Red ochre. Red clay-iron-stone, generally found 
in compact and earthy masses. The distinguish- 
ing character is the shining red stain they pioduee 
on the lingers. 

Oxide of Iron, Zinc, and Manganese . 
a. Fiunklimite, No. 127. 

Phil. 226. Haid. 2.403. Leon. 551. 

Occurs in attached crystals, granular and massive. 

Primary form a Cube. Citv.vr. fig. 56. Cleavage pa- 
rallel to the planes of the regular octahcdion, very 
indistinct. Fracture conchoidal. Hard. 6.0, 6.5. 

Sp.gr. 4.87, 5.00. Opaque. Lustre metallic. 

Colour iron-black. Streak deep red-brown. Mag- 
netic without polarity. 

Massive varieties, amorphous. Structure granular, 
compact. 

Found at Franklin, New Jersey, North America. 

Oxide, of Iron and Lead, 
a . Bf.udantite, No. 136 

An. n.s 11.195. Leon. 722. 

Occurs in small aggregated crystals. 

Piimary form a Rhomboid, Chyst. fig*. 106. P,P '=2 
92° 30'. Cleav age perpendicular to the axis. Hard. 

4.0, 5.0. Nearly opaque. Lustre re-i nous. Colour 
black ; in thin fragments deep brown. Powder 
greenish -grey. 

Found at llorhausen on the Rhine. 

Nepheline has also been named Beudautite. 

Hydrate, of lion. 

a . Hydrous Oxide of Iron. Brown Iron-ore. Ship - 
nosiderite? No. 143. 

Hatty, 4.101. Phil. 226. 230. Haid. 2.411. Leon. 

230. 

Occurs in attached crystals and massive. 

Primary form a Right rhombic prism. Ciiyst. fig. 71. 

M,M' =s 95° 14'. Levy. Cleavage parallel to the 
short diagonal. Fracture uncertain. Hard. 5.0, 

5.5, Sp.gr. 3.93. Nearly opaque. Lustre ada- 
mantine. Colour brown, of various shades. Streak 
yellowish-brown. 

Massive varieties . Brown hematite, globular, rcmTorhi, 
and some of the varieties ol brown and yellow clay- 
iron-stone. Slaluclitic, Ktiucturc fibrous, oi tibio- 
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Minemlogy laminar. Sometimes in pseudomorphous crys- 

Found in good crystals in Cornwall, and the other va- 
rieties in most parts of the World. 

Oxide, of Iron and Manganese ? 
a. Umber, No. 128. 

Phil. 232. II aid. 3.186. 

Occurs mussive, amorphous. Structure earthy. Frac- 
ture couchoidal. Soft. Sp gr. 2.2. Opaque. Dull. 
Colour yellowish and reddish-brown. 

Found in the Isle of Cyprus. 

Phosphate of Iron. 

a . V i v i anitKj Blue Iron , No. 488. 

Iluuy, 4 126. Phil 238. Iluid. 2.188. Leon. 137,284. 

Occurs in attached crystals, in imbedded crystalline 
aggregations, and massive. 

Primary form an Oblique rhombic prism. Cryst. 
fig. 83. P, M = 105° U>'. j\J,M' = 108°. Levy. 
Cleavage parallel to the oblique diagonal. Frac- 
ture indistinct. Hard. 1.5, 2.0. Sp.gr. 2.66, 2.70. 
Transparent, translucent. Lustre vitreous. Colour 
various shades of blue and green. Streak lighter 
colour. 

Massive varieties , aggregations of crystalline particles, 
or globular and amorphous earthy masses. 

Found crystallized in Cornwall, at Uodennuiis in Ha- 
vana, in Brazil, in New Jersey, North America, 
and in some other places. 

The compact earthy varieties occur in several parts of 
Europe and America. 

b. Kahphosiuluite ? No. 489. 

E J.S.8.1S1. 

Occurs in ivniform masses. Structure granular, com- 
pact. Hard. 4 0, 4 5. Sp.gr. 2.5. Opaque. Lus- 
tre resinous. Colour pale and blight straw-yellow. 
Streak the same. Shining. Feels greasy. Much 
resembles iron sinter. 

Found in Greenland. 

Sch relate of Iron and Manganese, 
a. Wolfram, No. 4 i4. 

VIttfly, 4.S66. Phil. 255. Haul. 2.3S7. Leon. 313. 

Occurs in attached and imbedded crystals, massive, 
and pseudomorphous. 

Primary form an Oblique rhombic prism. Cryst. fig. 
83. P,M' = 110°. 50'. M,M'= 101° 5'. Cleav- 
age parallel to the terminal plane and to both its 
diagonals, that through the oblique diagonal very 
distinct. Fracture uneven. Hard. 5.0, 5.5. Sp.gr. 
7.1, 7.3. Opaque. Lustre impelled metullic. 
Colour dark brown, brownish-black. Streak dark 
brown. 

Massive v nr it ties, amorphous, structure crystalline, 
columnar. The pseudomorphous crystals are octa- 
hedrons resembling those of Scheelate of lime. 

Found very generally in tin mines, and in other veins 
in primitive rocks. 

Silicate of Iron, 
a . Cronstedtite, No. 281. 

Phil. 227. Huid. 3.90. Leon. 211. 

Occurs in small, thin, attached hexagonal prisms, 
sometimes in radiuling groups, and massive. Pri- 
mary form a Rhomboid. Cryst. fig. 106. Cleav- 
age perpendicular to the axis, distinct. Hard. 2.0, 
2.5. Sp.gr. 3.348. • Opaque. Lustre vitreous. 
Colourblack and brownish-black. Streak dull green. 

Massive .variety , re inform. Structure fibrous. 

Found near Przibrum in Bohemia, and in Cornwall. 


6. Sideroschisoi.ite, No. 175. Mineralogy 

E.J.S. 2.371. Leon. 778. 

Occurs in small three-sided and six-sided pyramids 
attached by their apex. Cleavage parallel to the 
base of the pyramids. The face ot cleavage smooth, 
the planes of the pyramids convex. Hard. 2.0, 

3.0. Sp.gr. probably above 3.0. 

Supposed to be a variety of Cronstedtite by Dr. Wer- 
nekingk, but the description is too imperfect for an 
exact comparison. 

Found at Conhonas do Campo, Brazil. 

c. Thiiaulite, No. 176. 

E J.S.n.s. 1.185. 

Occurs in amorphous masses, accompanying iron 
pyrites, at Dodenmais, in Bavaria. Structure curved, 
foliated. Cross fracture uneven. Nearly opaque. 

Lustre vitreo-iesinous. Colour brownish-black. 

d . Nontronite, No. 177. 

E.J.S. J0.150. 

Occurs in small nodules imbedded in an ore of man- 
ganese. Fracture earthy. Opaque. Dull. Colour 
pale yellow, sometimes greenish. Streak shining. 

Unctuous to the touch and very tender. 

Found near the village of St. Pardoux, Arrondisse- 
ment of Nontron, Department of Dordogne, France. 

C. CllLOROl’AL, No. 174. 

Phil. 378. Huid. 3.85. Leon. 179. 

Occurs massive, amorphous. Structure compact, 
sometimes earthy. Fracture couchoidal, uneven. 

Hard. 3.0, 4.0. Sp.gr, 1.8, 2.0. Opaque. Lustre 
of the compact variety dull resinous. Colour green, 

- sometimes reddish-brown. 

Found near Ungliwar, in Hungary. 

/. Green Iron-earth? No. 357. 

Maid. 3.106. Leon. 237. 

Occurs reniform, botryoidal, globular, and amor- 
phous. Surface smooth. Structure thin fibrous, 
curved lamellar, compact, sometimes pulverulent. 

Lustre resinous. Colour green, of several shades. 

Streak yellowish-grey. 

Found at Schneeberg, in Saxony, and is a very im- 
perfectly determined species. 

The specimens which have appeared in this Country 
as green iron-earth are yellowish-green, with a fine 
granular fiacturc. 

Silicate of Iron and Lime. 

a. Ylnite. llvaite, No. 280. 

Hatiy, 4.91. Phil. 24. Ilaid. 2.414. Leon. 528. 

Occurs in attached crystals and massive. 

Primary form a Right rhombie prism. Cryst. fig. 

61. M,M'= 111® 30'. Cleavage parallel to the 
long diagonal of the prism. . Fracture uneven. 

Hard. 5.5, 6.0. Sp.gr. 3.8, 4.0. Opaque. Lustre 
vitreous. Colour black, sometimes brownish or 
greenish. Streak the same. 

Massive varieties , amorphous, structure columnar, 
compact. 

Found principally at Rio la Marina, and Cape Ca- 
lainita in the Isle of Elba, and in Silesia, Norway, 

Siberia, and North America. 

Sulphate of Iron . 

a. Mel ante rite. Green vitriol , No. 540, 

Hafiy, 4.140. Phil. 240. Huid. 2.41. Leon. 112. 

Occurs in attached crystals, massive, fibrous, and 
earthy, resulting from the decomposition of other 
Minerals. 

Primary form an Oblique rhombic prism, P,M = 99° 
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Mineralogy 20'. M,M' =: 82° 20'. Cleavage parallel to all the 
v— ^ primary planes. Fracture conchoidal. Hard. 2.0. 

Sp.gr. 1.832. Transparent, translucent. Lustre 
vitreous. Colour green, of several shades, yellow, 
and yellowish-brown. Streak white. Taste sweet- 
ish and astringent. 

Massive varieties , amorphous, structure granular, bo- 
try oidal, reniform, stalactitic. Structure fibrous ; in 
thin fibres, filling the fissures of decomposing shale. 

Found in most mines in which sulphuret of iron 
occurs, and is frequently produced on the surface 
of cabinet specimens. It is also found in coal 
mines. 

Red Sulphate of Iron ? 
a. Botryoqene, No. 541. 

K.J.S. 9.48. 

Occurs in attached and aggregated crystals, the ag- 
gregations forming globular, botryoidal, and reni- 
furin shapes, with a crystalline surface. 

Primary form an Oblique rhombic prism, P,M = 

1 13° 37'. M,M' = 119° 56'. Cleavage parallel to 
M,M', distinct, and indistinct parallel to another 
prism of 81° 44'. Hard. 2.25, 2.5. Sp.gr. 2.039. 
Translucent. Lustre vitreous. Colour deep yellow- 
ish-red, yellow. Streak yellow. Less soluble than 
green sulphate. 

Found in the great copper mine at Fahlun in Swe- 
den. 

Persulphate of Iron ? 
a . Misy, No. 543. 

K.J.S. 9.51. 

Occurs in the form of a yellow crystalline powder at 
Fahlun in Sweden, and at Goslar in the Harlz. 

Cubic Sulphuret of Iron . 
a . Iron Pyrites, No. 72. 

IJatiy, 4.38. Phil. 217. ITaid. 2.457. Leon. 657. 

Occurs iu attached and imbedded crystals and mas- 
sive. 

Primary form a Cube. Cryst. fig. 56. Cleavage 
parallel to the primary planes, distinct, less so pa- 
rallel to the planes of the regular octahedron. 
Fracture uneven. Hard. 6.0, 6.5. Sp.gr. 4.60, 
5.03. Opaque. Lustre metallic. Colour brass- 
yellow. Streak brownish-black. 

Massive varieties , amorphous; structure granular, 
compact. Globular, and stalactitic; the surface 
drusy ; structure fibrous or columnar, radiating. 
Occasionally in separate fibres. 

Found in most parts of the World, and in some mining 
districts in great abundance. 

It sometimes contains gold ; and in Sweden. Bohemia, 
and Anglesey in this Country a pale yellow variety 
occurs in granular masses, containing selenium. 

Prismatic Sulphuret of Iron 
a . White Iron Pyrites, No. 73. 

Ilntty, 4.68. Phil. 220. Haul. 2.462. Leon. 660. 

Occurs in attached crystals and massive. 

Primary form a Bight rhombic prism. Cryst. fig. 71. 
M,M' = 106° 2' Cleavage parallel to M and M', 
distinct. Fracture uneven. Hard. 6.0, 6.5. Sp.gr. 
4.678. Opaque. Lustre metallic. Colour pale 
whitish, greenish, or greyish-yellow. Streak greyish- 
black. 

Massive varieties, botryoidal, reniform, stalactitic, 
and amorphous. Surface drusy. Structure di- 
verging, fibrous, or columnar. 

Found in most mining districts. 

VOL. VI. 


Magnetic Sulphuret of Iron, Mineralogy 

a. Magnetic Iron Pyrites, No. 74. v-— ' 

Haiiy, 4.64. Phil. 221. 1 1 aid. 2.165. Leon. 665. 

Occurs in imbedded hexagonal crystals, and massiu*. 

Primary form a Rhomboid. Ckyst. fig. 106. V t \ v 
not ascertained. Cleavage parallel to all the planes 
of a regular hexagonal prism. Fracture uneven. 

Hard. 3.5, 4.5. Sp.gr. 4.631. Opaque. Lustre 
metallic. Colour pale yellowish and brownish-red. 

Liable to tarnish. Streak greyish-black. 

Massive varieties, ammphous. Structure foliated, 
granular, compact. 

Found crystallized, accompanying native silver in 
Norway and the Harlz. Massive in Cornwall, 

Wales, North America, Bavaria, Saxony, and many 
other places. 

Sulpho-arseniurct of Iron . 

a. MisriCKEL. Arsenical Iron, No. 111. 

Haiiy, 4.29. Phil. 215. Haul. 2.418. Leon. 663. 

Occurs in attached or imbedded crystals and massive. 

Primary form a Right rhombic prism. Chyst. fig. 71. 
M,M'=111° 12'. Cleavage parallel to the pri- 
mary planes. Fracture uneven. Hard. 5.5, 6.0. 

Sp.gr. 6.127. Opaque. Lustre metallic. Colour 
tin-while, sometimes with a yellowish tarnish. 

Streak greyish-black. 

Massive varieties , amorphous. Structure columnar, 
granular, compact. 

Found in most metallic veins in the older rocks. 

Sulphuret of Iron and Arsenic, 
a. UurrENiiliRoiTE. A totomous Arsenical Pyrites, No. 

112 . 

llaid. 2.44 S. 

Occurs crystalline and massive. 

Primary form a Right rhombic prism, Cr\st. fig. 71. 

M,M f ~~ 122° 26'. Cleavage distinct, perpendicu- 
lar to the axis of the prism. Fracture uneven. 

Hard. 5.0, 5.5. 8p.gr. 7 228. Opaque. Lustre 
metallic. Colour grey ish-silver-w bite. Streak 
grey ish-black. 

Massive varieties, amorphous. Structure columnar, 
radiating, granular, fibrous? compact. 

Found near llfittcnburg in Carinthia, at Reichcustein 
iu Silesia, and at Schladmiug in Stiria. 

Titan iatc of Iron. 

A very indiscriminate class of iron ores, some crystal- 
lizing in Cubes and others in Rhomboids, ami 
requiring* a careful revision. 

The following descriptions have been given of some 
of the varieties. 

a. Iron Sand, No. 3S9. 

llaid. 2.402. Leon. 365. 554. 

There are so many loose, granular, and sandy va- 
rieties of iron ore found iu alluvial soil, that no 
general description can be given which will com- 
prehend them all. They generally contain tita- 
nium, but occasionally consist of magnetic or oli- 
gistic iron only. 

b. Iseuine. In larger grains, containing about 28 per 

cent, of oxide of Titanium. 

c. Menaccanite. Containing about 45 per cent. 

d . Nigrine, No. 390. 

Phil. 258. Haul. 2.376. Leon. 362. 

Haidinger describes this ns Rutile; but specimens 
received in this Country as Nigrine, are altogether 
different, and resemble Menaccanite in lustre, 
colour, and uppearance of the fractured surfaces. 

3 u 
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, Mineralogy This may, therefore, be regarded as an uncertain 
species. 

e . Axotomous Iron, No. 391. 

Haul. 2.397. Leon. 366. 

Primary form a Rhomboid. Cryst. fig. 106. F,P' 
= 85° 40' nearly. Cleavage perpendicular to 
the axis, distinct Fractuie couchoidal. Hard. 5.0, 
5.5. Sp.gr. 4.66. Opaque. Lustre imperfect, 
metallic. Colour black. Streak black. 

Found at Gasteiu in Salzburg, in Sweden, and in 
Siberia. 

f. Crichton ite, No. 392. 

llaiiy, 4.98. Phil. 261. Iluid. 2.399. Leon. 367. 

Occurs in attached crystals. 

Primary form a Rhomboid. Cryst. fig. 106. P,P ; 
= 1 0 :^0', or 85° 10\ nearly, according to the planes 

assumed to be the primary, there being no apparent 
cleavage pianos parallel to either set. Cleavage 
perpendicular to the axis. Fracture conchoidal. 
Hard. 4.5. Sp.gr. 4.0. Opaque. Lustre imper- 
fect metallic. Colour black. Streak black. 

Found at Oisaus in France. 

The cleavage and other characters render it probable 
that this may not differ chemically from the axoto- 
mous iron of Mohs. 

g. Mmisrrn, No. 303. 

P.M. and An. 1.221. 

Occurs in attached maclcd crystals. 

Primary form a Rhomboid. Ciiyst. fig. 106 P,F'= 
73 J 13'. No apparent cleavage. Fracture con- 
clioidal. Hard. 5.5. Opaque. Lustre metallic. 
Colour black. Streak black. Not magnetic. 

Found in Dauphiuy, France. 

IhOVYRP., No. 310. 

P.M. and An. 3.70. 

Occurs in amorphous masses in granite. Fracture 
conchoidal. Hard. 5.5, 6.0. Sp gr. 2.912. Nearly 
opaque. Lustre vitreous. Colour black, or greyish - 
black, sometimes dotted with red. Streak greenish- 
grey. Slightly magnetic. 

Found in the Western part of Cornwall, where it had 
been called black opal. 

Ittnkuitk, No. 211. 

Leon. 749. 

Occurs crystallized in Rhombic dodecahedrons and 
massive. Structure compact. Fracture uneven. 
Hard. 5.5. Sp.gr. 2.3. Lustre resinous to vi- 
treous. Colour grey of different shades. 

Found at Kaiserstuhl in Swabia. 

Kakoxkxe, No. 503. 

K.J.S. 5.163. Leon. 749. 

Occurs in thin fibrous radiating tufts or plates filling 
narrow fissures in a clayey-brown ironstone at Zbi- 
row in Bohemia. Colour yellow of several shades 
and sometimes brownish-red. 

Karpiiolitf., No. 312. 

Phil, 22. Haul. 3.116. Leon. 209. 

Occurs in slender crystals and silky fibres. 

Primary form unknown. Sp.gr. 2.955. Lustre of 
the crystals vitreous, of the fibrous masses silky. 
Colour yellow, sometimes pale. 

Found at Schlackenwalde in Bohemia. 

Keffekillite, No. 358. 

Leon. 181. 

A Mineral from the Crimea, so named by Fisher of 
Moscow, not unalyzed or described. 


Killinite, No. 223. Mineralogy 

Phil. 322. Haiti. 3.117. Leon. 750. 1 

Occurs in imbedded imperfect crystals and massive. 

Cleavage parallel to the lateral planes and ahort dia- 
gonal of a rhombic prism of about 135°. Phil. 

Fracture uneven. Hard. 4.0. Sp.gr. 2.698. Trans- 
lucent, opaque. Lustre dull vitreous. Colour 
brownish or yellowish-green, or greenish-grey. 

Streak yellowish-white. 

Massive variety , amorphous, structure columnar, pro- 
miscuously arranged. 

Found at Killiney near Dublin, Ireland. 

Knebeijte, No. 288. 

Phil. 206. Haiti. 3.118. Leon. 751. 

Occurs massive, with a cellular and uneven surface. 

Fracture imperfectly conchoitlul. Hard. Brittle. 

Difficultly frangible. Sp.gr. 3.714. Opaque. 

Lustre glistening. Colour grey, with spots of dirty 
white, brownish-red, brown, and green. 

No locality given. 

Labradorite. Labrador Felspar. Felspath Opaline , 

No. 234. 

Hauy, 3.94. Phil. 115. Haiti. 2.257. Leon. 430. 

Occurs in rolled or imbedded crystalline masses. 

Cleavage parallel to all the planes of a Doubly 
oblique prism. Cryst. fig. 95. P,M = 93° 55'. 

P,T — 1 14° 26'. M,T = 120° 40' Fracture uneven. 

Hard. 5.5, 6.5. Sp.gr. 2.69, 2.76. Translucent. 

Lustre vitreous. Colour grey, white, with rich iri- 
descent colours in particular directions. 

Found principally in rolled masses on flic coast of 
Labrador, and in Devonshire imbedded in a trap 
rock. The white variety, which may possibly be 
Cleavelandite, is from Greenland. 

The above measurements, which were taken on distinct 
but not bright cleavage planes, approach so very 
nearly to those of C leavelandite as to create a doubt 
whether they really differ. 

Latroiute. Diploite . Ampkodelite? No. 316. 

Phil. 3S0. Ilaid. 3.118. Leon. 465. 

Occurs in attached and imbedded crystals and massive. 

Primary form a Doubly oblique prism. I'livsr. fig. 

95. Measuring 91°, 93° 30', and 98° 30', nearly. 

Cleavage parallel to all the primary planes. Frac- 
ture uneven. Hard. 5.0, 6.0. Sp.gr. 2.72, 2.8. 
Translucent. Lustre vitreous. Colour pale red. 

Found at Ainitoklsland, Labrador, and in Finland. 

Lvujwoniit., No. 217. 

llaiiy, 3.151. Phil. 45. Haid. 2.234. Leon. 200. 

Occurs in attached and aggregated crystals and massive. 

Primary form an Oblique rhombic prism. Cryst. fig. 

83. P,M =3 1 13° 30'. M,M' = 86'’ 15'. Cleavage 
parallel to M,M', distinct. Fracture uneven. Sp.gr. 

2.2. Translucent, opaque. Lustre vitreous. Colour 
greyish, yellowish, reddish-white. Streak white. 

Massive varieties , amorphous, structure granular. 

By exposure to the air it loses its water of crystalliza- 
tion, and becomes friable. 

Found at Huclguel in Brittany, in Hungary, Faroe, 

Iceland, Scotland, and Ireland. 

Lava, No. 250. 

Leon. 181. 413. 

Occurs as a volcanic product in more or less compact 
or vesicular masses. Fracture uneven. Hardness 
and Sp.gr. variable. Translucent, opaque. Lustre 
vitreous. Colour greyish and greenish-black, brown, 
red, grey. 
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Mineralogy Found at Vesuvius, Etna, and other volcanos. 

Lazumte. Lapin Lazuli, No. 564. 

Ilafiy, 3.54. Phil. 44. Haid. 2.288. Leon. 136.460. 

Occurs in imbedded dodecahedral crystals and massive. 

Primary form a Cube. Cryst. fig. 56. Cleavage 
parallel to the planes of the rhombic dodecahedron, 
indistinct. Fracture uneven. Hard. 5.5, 6.0. Sp.gr. 
2.76, 2.94. Translucent, opaque. Lustre vitreous. 
Colour blue of different shades. Streak paler blue. 

Massive varieties. Amorphous, sometimes in small 
imbedded grains ; structure fine granular, compact. 

Brought from Persia and China, but neither its locality 
nor its geological relations are known. 

Used in the manufacture of ultramarine, and in jewel- 
lery, as ornamental stones 

Lead . 

A laminate of Lead. 

a. Pi.om room m e, No. 151. 

Hatty, 3.410. Phil. 338. Haid. 3.140. Leon. 229. 

Occuis in small globular and reniforin masses, com- 
posed of thin concentric layers. Structure of the 
layers indistinctly fibrous. Fracture uneven. Hard. 
4.5, 5.0. Translucent. Colour yellow, sometimes 
brownish. 

Found at Huelguet in Brittany. 

Arseniale of Lead. 

a . (torlandite. Tllciniere when in reniforin masses, 

No. 475. 

ITniiy, 3.385. Phil. 345. Haul. 2.133. Leon. 272. 

Occurs in attached crystals, in the form of regular 
hexagonal prisms, frequently with convex lateral 
planes, and massive. 

Primary form a Rhomboid. Cryst. fig. 106 Cleav- 
age parallel to the lateral planes of the hexagonal 
prism. Hard. 4.0, 5.0. Sp.gr. 5.0, 6.4. Trans- 
parent, translucent. Lustre resinous. Colour 

pale dull yellow, yellowish mid reddish-brown. 

Massive varieties, reniforin, structure compact. Frac- 
ture couchoidul. Sp.gr. 3.9. Opaque. Lustre 

resinous. Colour brownish-red. From Ncrtschinsk 
in Siberia. 

Found in Cornwall, at St. Prix in France, and in a 
few other places. 

b. Arsen ite of Lead ? No. 476. 

Specimens of a pale yellow substance in fine fibres, 
soft, and easily reducible to an impalpable powder, 
have passed under this name, but we do not find 
any published account of it. 

Carbonate of Lead. 

a. Carbonate of Lend, No. 458. 

Hatty, 3.365. Phil. 338. Hnid. 2.130. Leon. 290. 

Occurs in attached crystals, in aggregations of colum- 
nar crystals, and massive. 

Primary form a Right rhombic prism. Cryst. fig. 
71. 117° 14'. Cleavage parallel to all 

the primary planes. Fracture conchoidal. Hard. 
3.0, 3.5. Sp.gr. 6.465. Transparent, translucent. 
Lustre adamantine on the cleavage planes, resinous 
on the fracture surfaces. Colour generally white, oc- 
casionally grey, yellow, green, black. Streak white. 

Massive varieties , amorphous ; structure columnar, 
granular, compact. 

Found in most lead mines, and occasionally in those 
of other metals, in many parts of Europe, Asia, 
and America, and used as an ore of lead. 


Chloride of Lead. Mimralogy 

a. Chloride of Lead, No. 63. 

Occurs in small, thin, fiat, white, opaque crystals, ac- 
companying murio-carbunate of lead from Cornwall. 

b. Cii loro- car don ate of Lead. Murio-carbonatc of 

Lead, No. 65. 

Ilafiy, 3.374. Phil. 343. Haid. 2.150. Leon. 294. 

Occurs in attached crystals. 

Primary form a Square prism. Cryst. fig. 65. Cleav- 
age parallel to the primary planes, distinct. Frac- 
ture uneven. Hard. 2.5, 3.0. Sp.gr. G.O. Trans- 
parent. Lustre adamantine. Colour white, pale 
grey, yellow, and green. Streak white. 

Found at Matlock, Derbyshire, and in Cornwall. 

c. Brrzelitf.. Cfilnro-a ride of Lead , No. 64. 

Ilaid. 2.151. Leon. 416. 

Occurs in crystalline amorphous masses. Cleavage 
parallel to the lateral planes, and short diagonal of 
a rhombic prism of 102° 30'. Fracture uneven. 

Hard. 2.5, 3.0. Sp.gr. 7.077. Translucent. Lustre 
adamantine. Colour yellowish-white, pale yellow, 
and red. 

Found near Churchill, in the Mendip Hills, Somer- 
setshire. 

Chromate of Lead, 
a. Chromate of Lead. No. 421. 

Hatty, 3.357. Phil. 349. Haid. 2.137. Leon. 337. 

Occurs in attached crystals and massive. 

Primary form an Oblique rhombic prism. Cryst. 
fig. 83. I\M = 99° I O'. M,M' =93° 30'. Clem - 
age parallel to the primary planes, indistinct. Frac- 
ture uneven. Hard. 2.5, 3.0. Sp.gr. 6,00 1. Trans- 
parent, translucent. Lustre adamantine. Colour 
red. Streak orange-yellow. 

Massive varieties , amorphous ; structure columnar, 
granular. 

Found principally at Berezof in Siberia, and recently 
in Brazil. 

Chromate of Lead and Copper 
a. Vauquelinitk, No. 422. 

Phil. 350. Maid. 3.167. Leon. 339. 

Occurs in minute attached crystals, and massive. 

Primary form ail Oblique, rhombic prism. Cryst. fig. 

83. Fracture uneven. Hard. 2.5, 3.0. Sp gr. 

5.5, 5 78. Nearly opaque. Lustre adamantine. 

Colour greenish -black, black. Streak greenish. 

Massive varieties , botryoidal, reniform, amorphous ; 
structure fine granular, compact. 

Found at Berezof in Siberia, with chromate of lead. 

Molybdate of Lead, 
a. Carintiiite, No. 417. 

Ilafiy, 3.397. Phil. 318. Haid. 2. 140. Leon. 340. 

Occurs in attached crystals and massive. 

Primary form a Square prism. Cryst. fig. 65. 

Cleavage parallel to the primary planes, and to 
those of Mod. r. Cryst. fig. 68. Fracture un- 
even. Hard. 3.0. Sp.gr. 6.760. Transparent, 
translucent. Lustre resinous. Colour yellow of 
different shades, greenish-red, and red. 

Found chiefly in Carinlhin, also in Austria, Hungary, 
and in North America. The red at Moldavia in 
the Banuat. 

Gride of Lead with Malyh. Curb. Mur. Phosp. 
and C hr omit Acids . 
a. Pamplonite, No. 118. 

E.N.PJ. 12.112. 

Occurs in small amorphous concretions in a decom - 
3 u 2 
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. M.-wralopy posed syenite. Heavy. Sp.gr. 6.0. Colour green- 
ish-yellow. 

Found in the Paramo Rico, near Pamplona, South 
America. 

Native Lead, 
a . Native Lead, No. 10. 

Phil. 332. Haul. 3.129. Leon. 695. 

Occurs in small, amorphous, imbedded masses in lava 
or some other fused substances. Fracture hackly. 
Hard. 1.5. Sp.gr. 11.35. Opaque. Lustre me- 
tallic. Colour lead-grey. Streak shining. 

Found in Madeira and some other places, and at 
Alston in Cumberland. 

Bed Oxide of Lead . 
a. Native Minium, No. 135. 

Hatty, 3.352. Phil. 337. Leon. 559. 

Occurs in compact and pulverulent amorphous masses, 
supposed to arise from the decomposition of ga- 
lena. Hard. 2 0, 2.5. Sp.gr. 4.6. Dull. Colour 
bright red. 

Found in Yorkshire, in Swabia, Siberia, and some 
other places. 

Yellow Oxide of Lead, 
a . Native Massicot, No. 134. 

An. 5.47. Leon. 

Occurs in amorphous masses. Fracture earthy. 
Brittle. Sp.gr. 8.0. Opaque. Dull externally, 
internally semi-metallic. Colour yellow. 

Found at Eschweiler. 

Phosphate of Lead. 

a. PvnoMowMiirE, No. 493. 

Hatty, 3.3S5. Phil. 314. Hair!. 2.133. Leon. 272. 

Occurs in attached crjsials, generally in the form of 
regular hexagonal prisms, frequently with the 
lateral planes convex, sometimes slender and fasci- 
culated ; and massive. 

Primary form a Rhomboid. Citv.sT. fig. 106. Cleav- 
age parallel to all the planes of the prism, and to 
the truncation of its terminal edges. Fracture un- 
even. Sp.gr. 7.U9S. Transparent, translucent. 
Lustre resinous. Colour grey, green, brown. 

Massive varieties , globular, re inform, botrjoidal ; 
structure fibrous. Amorphous structure fibrous, 
granular, compact. 

Found in most lead mines. 

b. PlIOSPII ATO-ARSENI ATE OF LEAD, No. 494. 

Hatty, 3.3S5. Phil. 345. If aid. 2.133. Leon. 272. 

Occurs in attached and aggregated crystals similar in 
form and most other characters to phosphate. Co- 
lour various shades of yellow. 

Sc heel ale of Lead, 
a . Scueki.ate ok Lead, No. 415. 

Phil. 350. II aid. 3.165. Leon. 345. 

Occurs in attached and aggregated crystals. 

Primary form a Square prism, (Ciiyst. fig. 65,) of the 
same dimensions as that of Molybdate of lead. 
Clcaxage perpendicular to the axis of the prism, and 
parallel to planes of Mod. c, Ciiyst. fig. 69. Frac- 
ture conchoidal. * Hard. 3.0. x Sp.gr. 8.0. Trans- 
lucent. Lustre resinous. Colour yellowish and 
brownish-grey. 

Found at Zinncwald in Bohemia, and Blcibcrg in 
Carinthia. 

Seleniuret of Lead . 

a . Seleniuret op Lead, No. 47. 

An. n.s. 10.233. 284. Leon. 590. 

Occurs in amorphous musses ; structure granular, and 


nearly resembling fine-grained galena. Softer than Mineralogy 
galena. Sp.gr. 7.697. Opaque. Lustre metallic, ' 

rather dull. Colour more blue than galena. 

Found at Clausthal and Tilkerode in the Hartz, ac- 
companied by some of the following varieties* 
ft. Seleniuret of lead and cobalt , No. 48. 

c. . . . ... copper , No. 49. 

d. Cupriferous skleniuret of lead , No. 50. 

e. Seleniuret of lead and mercury , No. 51. 

f ... ... copper and silver , No. 52. 

These are said to resemble seleniuret of lead so nearly 
as to be scarcely distinguishable from it. 

Sulphate of Lead . 
a. Anolesitk, No. 548. 

Hatty, 3.402. Phil. 346. Haid. 2.142. Leon. 249. 

Occurs in attached crystals and massive. 

Primary form a Right rhombic prism. Ciiyst. fig. 

71. M,M' = 103° 42'. Cleavage parallel to the 
primary planes. Fracture conchoidal. Hard. 

2.5, 3.0. Sp.gr. 6.298. Transparent, translucent. 

Lustre approaching to adamantine. Colour white, 
sometimes greyish, yellowish, greenish, grey, and 
brown of several shades, black. Streak white. 

Massive varieties , amorphous, structure laminar, 
granular, compact. 

Found in lead and copper mines at Lead hills, Scot- 
land, in Anglesey, in Cornwall, the Hartz, and 
other places in Europe, and in North America. 

Cupreous Sulphate of Lead . 
a. LiNAinrK, No. 549. 

Phil. 347. Haid. 2.143. Leon. 251. P.M. and 
An. 10.267. 

Occurs in attached crystals. 

Primary form an Oblique rhombic prism. Ciiyst. 
fig. S3. P,M = 9G°25'. M,M'=G1 0 . Cleavage 

parallel to P, and to the horizontal diagonals of the 
terminal planes. Fracture uneven. Hurd. 2.5, 3.0. 

Sp.gr. 5.3, 5.43. Transparent, translucent. Lustre 
adamantine. Colourdeep blue. Streak pale blue. 

Found at Linares in Spain, nnd at Lead hills, Scot- 
land. 

Sulphate and Carbonate of Lead, 
a. La n An kite. Su/pha/o carbonate of Lead, No. 550. 

Phil. 341. Haid. 2.148. Leon. 253. 

Occurs in long, slender crystals, single or aggregated 
into fibrous masses. 

Primary form an Oblique rhombic prism, the angles 
of which have not been ascertained. The crystals 
are lengthened in the direction of the horizontal 
diagonals of the terminal planes. Hard. 2.0, 2.5. 

Sp.gr. 6.8, 7.0. Transparent, translucent. Lustre 
nearly resinous, but pearly on the cleavage planes. 

Colour greenish, yellowish, or greyish. Streak 
white. 

Found at Lead hills in Scotland, 
ft. Calkuonite. Cupreous-sulphato-carbonate of Lead, 

No. 551. 

Phil. 342. Haid. 2.149. Leon. 254. 

Occurs in attached crystals. 

Primary form a Right rhombic prism. Cryst. fig. 

71. M,M' =95. Cleavage parallel to the pri- 
mary planes, and to the short diagonal of the 
prism. Fracture uneven. Hard. 2.5, 3.0. Sp.gr. 

6.4. Transparent, translucent. Lustre resinous. 

Colour blue and greenish-blue. Streak bluish or 
greenish-white. 

Found at Lead hills in Scotlund. 
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Mineralogy c. Suzannite. Sulphato-tri- carbonate of Lead, No. 552. 
v—' Phil. 341. Ilaid. 2.144. Leon. 252. 

This Mineral occurs, as carbonate of lime does, under 
two forms. One an Acute rhomboid, Cryst. fig. 
106, P,P' = 72° 30' ; awl the other a Right 
rhombic prism, Cryst. fig. 71, M,M' = 120°. 

Mr. Huidinger has regarded this last as an Oblique 
rhombic prism, a difference of opinion which may 
perhaps be explained by his own observations on 
Mr. Levy’s Ilumboldtite ; the compound figures 
given by him in Edinb . Thil. Trans . 10.217. being 
purely imaginary. 

■ The cleavage of both forms is perpendicular to the 
axis, and very distinct. Hard. 2.5. Sp.gr. 6.3. 
Transparent, translucent. Colour grey-brown, yel- 
low, green of various shades. Streak white. 

Found at Lead hills in Scotland. 

Sulphuret of Lead, 
a . Galena, No. 63. 

Ilaiiy, 3.341. Phil. 332. Ilaid. 3.13. Leon. 625. 

Occurs in attached crystals, and massive. 

Primary form a Cube. Ckyht. fig. 56. Cleavage 
parallel to the primary planes. Fracture con- 
choidal. Hard. 2.5. Sp.gr. 7.568. Opaque. 
Lustre metallic. Colour lead-grey. Streak the 
same. 

Massive varieties , amorphous, structure granular, 
compact. 

Found abundantly in many places in Europe, Asiu, 
and America. 

Sulphuret of lead is occasionally found to contain 
antimony, arsenic, silver, bismuth, and copper. 

Sulphuret of Lead, Antimony , and Copper, 
a. Bournonite. Endellione. Triple Sulphuret , No. 97. 

Phil. 336. Haul. 3.5. Leon. 613. 

Occurs in attached crystals and massive. 

Primary form a Right rhombic prism. Cryst. fig. 
71. M,M' = 93° 30' nearly. Cleavage parallel to 
the primary planes, and to both the diagonals of 
the prism. Fracture uneven. Hard. 2.5, 3.0. 
Sp.gr. 5.763. .Opaque. Lustre metallic. Colour 
approaching to steel-grey, sometimes blackish-grey. 
Streak the same. 

Massive varieties , amorphous, structure granular, com- 
pact. 

Found in Cornwall, and in several parts of Europe, 
and in Peru. 

Vanadiate of Lead, 
a. JoHNsroNirE, No. 484. 

E.J.S. n.s. 5.166. 

Occurs in attached hexagonal crystals, and small glo- 
bular concretions, frequently spiinklcd over a sur- 
face of Calamine. 

Primary form a Rhomboid. Cryst. fig. 106. Frac- 
ture conchoidal. Sp.gr. 6.99, 7.23. Translucent. 
Opaque. Lustre of the fractured surface resinous. 
Colour yellow and reddish-brown. Streak white. 

Found at Waulockhead in Scotlaud. 

Leelite, No. 317. 

Phil. 21. Haul. 3.119. Leon. 757. 

Occurs in amorphous masses. 

Structure compact. Fracture conchoidal. Sp.gr. 
2.7. Slightly translucent. Lustre waxy. Colour 
flesh-red. 

Found at Gryphytta in Sweden, and, when first dis- 
covered, passed under the name of red homstone. 


Lfucite. Amphigene , No. 233. Mineralogy 

Haiiy, 3.61. Phil. 107 Haid. 2.220. Leon. 435. ' 

Occurs in imbedded trapczohedral crystals, and 
massive. 

Primary form a Cube. Cleavage parallel to the 
planes of the cube and rhombic dodecahedron. 

Fracture conchoidal. Hard. 5.5, 6.0. Sp.gr. 

2.483. Transparent to opaque. Lustre vitreous. 

Colour greyish, yellowish, or reddish- white, and 
different shades of grey. Streak white. 

Massive variety , amorphous, structure granular. 

Found in the lavas of Vesuvius, and the basalts Oi 
Italy and Bohemia. 

Levyne, No. 206. 

Haid. 3.120. Leon. 758. 

Occurs in attached crystals, lining cavities in trap 
rocks. 

Primary form a Rhomboid. Cryst. fig. 106. P,P= 

79° 29'. Cleavage parallel to the primary planes. 

Fracture conchoidal. Hard. 4.0. Sp.gr. 2.15. 
Translucent. Lustre vitreous. Colour white. 

Streak white. 

Found at Dalsnypon in Faroe, in Ireland, and in a 
few other places. 

It is said by Berzelius to be a variety of Ckabasie. 

Liierzoltte, No. 359. 

Gal. 168. Leon. 505. 

Occurs in imperfectly formed crystalline grains, im- 
bedded in greenish -yellow steatite. Sp.gr. 3.54. 
Transparent. Colour emerald-green. 

Found on the hanks of Lake Lherz, in the mountains 
Du Couserans, Pyrenees. 

Liai'iurK, No. 318. 

Phil. 207. Haid. 3.121. Leon. 758. 

Occurs in imbedded crystals in a tnlcosc rock. 

Primary form an Oblique rhombic prism. Cryst. fig. 

63. M,M' ~ 140°. Fracture uneven. Hard. 

5.0, 6.0. Sp.gr. 3.49. Transparent, translucent. 

Lustre vitreo-resinous. Colour yellowish-green. 

Streak greyish-white. 

Found on the banks of the Stura in the Apennines. 
Specimens of yellowish-green Sphctic have been 
brought to this Country as Liguritc. This, how- 
ever, cannot be the Mineral examined by Viviani, 
if his analysis be correct; for his Mineral docs not 
contain a particle of titanic acid, of which Sphene 
contains from 33 to 40 per cent. 

Limbilite, No. 360. 

Phil. 208. Leon. 533. 

Occurs in irregular grains in the volcanic hill of 
Limbourg. Structure compact. Hard. 6.0, 7.0. 

Colour honey-yellow. 

Lime . 

Arseniate of Lime, 
a. Pharmacolite, No. 466. 

Hauy, 1.587. Phil. 178. Haid. 3.135. Leon. 160. 

E.J.S. 3.302,6.317. 

Occurs generally in small, silky tufts, or minute glo- 
bular and botryoidal fibrous masses, coating other 
substances, and very rarely in attached crystals. 

Crystallized . 

Primary form an Oblique rhombic prism. Cryst. fig. 

83. M,M'= 1 17° 24 ; . Cleavage parallel to the 

oblique diagonals of the terminal planes. Frac- 
ture uneven. Hard. 2.0, 2.5. Sp.gr. 2.730. 
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Mineralogy Transparent, translucent. Lustre vitreous. Co- 
lour yellowish-white. Streak white. Thin laminae 
are flexible. 

Locality unknown. 

Fibrous . 

Very soft. Sp.gr. 2.64. Translucent, opaque. 
Lustre vitreous, pearly, dull. Colour white, grey- 
ish ami reddish- white. 

Found at Andreasberg, Hartz, in Thuringia, and 
some few other places. 

b. IImdinueiutk, No. 467. 

E.J.S. 3.303, 6.317. Leon. 1G0. 

Occurs in attached crystals, and in pearly, botryoidal, 
crystalline coats. 

Primary form a Right rhombic prism. Cryst. fig. 71. 
M,M' = 100°. Cleavage parallel to the short 
diagonal of the terminal planes, very distinct. 
Hard. 2.0, 2.5. Sp.gr. 2.848. Transparent, trans- 
lucent. Lustre vitreous. Colour white. Streak 
white. Thin lamina.* slightly flexible. 

Locality unknown. 

Uoro-silivate of Lime. 

a. Da nioi. its, No. 126. 

JIauy, 1.590. Phil. 177. Haul. 2.222. Leon. 285. 

Occurs in attached crystals and massive. 

Primary form a Right rhombic prism. Cryst. fig 73. 
M,M' = 1 1)3° 40' : Phil. Cleavage parallel to 
the lateral planes, very indistinct. Fracture un- 
even. Hard. 5.0, 5.5. Sp.gr. 2.989. Trans- 

lucent, opaque. Lustre vitreous, that of the frac- 
ture surfaces slightly resinous. Colour greyish, 
yellowish, greenish-white. Streak white. 

Massive variety , amorphous, structure granular. 

Found at Arcndal in Norway. 

b. lluaiRoumi’K, No. 427. 

* Phil. 38U. Haiti. 2.222. Leon. 286. 789. 

Occm s in attached crystals. 

Primary form an Oblique rhombic prism. Cryst. fig. 
S3. l\A, fig. 91 =91° 4P. M,M'= 115° 45'. 
Levy. Cleavage parallel to the oblique diagonal of 
the prism. Fracture conchoidal. Hard. 4.5, 5.0. 
Sp.gr. 2.99. Transparent, translucent, opaque. 
Lustre vitreous. Colour white, sometimes yel- 
lowish. Streak white. 

Found in the Tyrol, in the Hartz, in North Ame- 
rica, and in the neighbourhood of Edinburgh. 

It is probable that this will be found to correspond 
with Datholite in form and measurement, as it 
does in chemical composition ; and that Mr. Levy 
has becu deceived by the imperfection of the crys- 
tals lie examined. 

c . Kotiiyui.itk, No. 428. 

11 any, 1.591. Phil. 177. Haid. 2.222. Leon. 287. 

Occurs in lvniform, globular, and botryoidal masses. 
Structure fibrous, in concentric coats. Sp.gr. 2.8. 
Translucent on the edges, sometimes opaque and 
earthy. Colour pale yellowish and reddish-grey, 
occasionally black on the surface. Streak white. 

Found at Arcndal in Norway. 

Rhomboidal Carbonate, of Lime t No, 441. 

1, Crystallized . 

u. Calc it e. Calcareous Spar. Iceland Crystal . 

Ilniiy, 1.298. Phil. 147. Haid. 2.83. Leon. 309. 

Occurs in attached and imbedded crystals and crys- 
talline masses, and occasionally staluctitic. 

Primary form a Rhomboid. Cryst. fig. 106. P, P' = 
105° 5'. Cleavage parallel to the primary planes, 


very distinct. Fracture conchoidal, seldom observ- Mineralogy 
able. Hard. 3.0. Sp.gr. 2.721. Transparent, 
translucent. Lustre vitreous. Colour generally 
white, occasionally grey, blue, green, yellow, red, 
brown, black. Streak white, or slightly co- 

loured. 

Found in veins and in rocks of every formation in all 
parts of the World. 

2. Foliated. 

a. Sc ii ie feus par. Slate Spar. 

Haiiy, 1.430. Phil. 149. Haid. 2.83. Leon. 316. 

Occurs massive. Structure laminar, the Inminse 

being thin and generally curved or wavy. Sp.gr. 
about 2.5. Translucent. Lustre vitreous on the 
edges, pearly on the surface of the kuniinc. Co- 
lour white, sometimes reddish, yellowish, greenish. 

Streak white. 

Found in England, Scotland, Ireland, and in oilier 
parts of the World. 

3. Pearly. 

a. A pit iute. Ecumc da Terre. Sehaumcrdc. 

Phil. 150. Haid. 3.72. Leon. 776. 

Occurs in thin, while, pearly scales or plates. Hard. 

0.5, l.O. Sp.gr. 2.5. Opaque. Lustre pearly 
in a high degree. Colour white. Streak white. 

Found in Saxony, Hessia, and some other places. 

4. Columnar. 

a. Antiuiaconi ie. Mudrepoiile. 

Many, 1.358. Phil. 160. Haid. 2. S3. Leon. 317. 

Occurs in roundish masses. Structure columnar, di- 
verging. Hard. 3.0. Sp.gr. 2.7. Opaque. Lustre 
vitreous. Colour greyish-black. 

Found in Norway, Sweden, Greenland, mid one or 
two other places. 

5. Fibrous . 

a. Stalactite. 

Haiiy, 1.364. Phil. 151. Haid. 2.83. Leon. 319. 

Occurs reuitbrm, btalaetitie, tubular, and in other imi- 
tative shapes. Structure fibrous. Translucent, 
opaque. Lustre resinous, waxy, sometimes silky. 

Colour white with shades of grey, brown, red, jel- 
low, and other colours. Streak whitish. 

Found in fissures and caverns, in calcareous rocks, and 
occasionally in metallic veins. 

6. Cranular and compact. 

a. Marble, b. Limestone. 

Haiiy, 1.359. Pink 152. fluid. 2.83. Leon. 316. 

Occurs massive, the masses sometimes forming con- 
siderable mountains. 

Those varieties which are capable of receiving a fine 
polish are commonly termed Marble , the purest 
and most crystalline of which are employed iu 
statuary. The Penlelic, found near Athens, and 
the Carrara from the Gulf of Genoa, are the most 
esteemed. > 

The les< pure varieties, which are generally less crys- 
talline in their appearance, and more compact in 
their structure, although they differ much from 
each other in colour and composition, pass under 
the common name of Limestone , ami arc applied to 
many well-known economical purposes. Some of 
the common limestones contain a considerable pro- 
portion of silex, alumina, and other earths. The 
Calp in Ireland, the Aherthaw and the Lias in 
this Country, and the Septaria , or Nodules, as 
they are termed, found in the London clay, and of 
which the Roman cement is made, are impure 
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Miner alogy limestones. The impurity, however, rendering 
them more valuable as cements. 

The fracture of the granular varieties is uneven and 
splintery, that of the more compact is even and flat 
conchoids). Hardness and Sp.gr. rather below that 
of calcareous spar. Translucent to opaque. Lustre 
variable. Of almost all colours. Streak white 
or slightly coloured 

Found abundantly in every part of the World. 

7. Earthy . 

a . Chalk. Agaric Mineral . Rock Milk. 

Haily, 1.362. Phil. 158. 150. Haid. 2.83. Leon. 321. 

Chalk occurs in beds of very considerable extent. 
Fracture earthy. Soft. Sp.gr. about 2.3. Opaque. 
Dull. Colour white, sometimes yellowish or grey- 
ish. Is meagre to the touch. 

Agaric Mineral is a spongy carbonate of lime, the 
particles of which are less coherent than those of 
chalk, with which it agrees in colour and most of 
its other characters. 

Rock Milk is an absurd name for a variety of carbo- 
nate of lime, which occurs in the form of a fine 
white powder in the crevices of calcareous rocks. 

Found iu several parts of England, arid in other Coun- 
tries. 

8 . Globular Concretions 

a . Pisolite. V cast one . 

Hatty, 1.369. Phil. 158. Haid. 2.83. Leon. 319. 

Occurs massive, consisting of globules from one-eighth 
to half an inch in diameter, imbedded ill a calca- 
reous cement. Opaque. Colour brownish, red- 
dish, yellowish-white. Streak white. 

Found at Carlsbad, and a few oilier places 

b . Oolite. Roestone. 

Hatty, 1 .360. Phil. 157. Haid. 2.83. Leon. .31 K. 
Occurs massive, in beds of considerable extent, formed 
of small globules of different, sizes, seldom as large 
as one-eighth of an inch in diameter, cemented to- 
gether by calcareous matter. Opaque. Dull. Co- 
lour greyish, brownish, yellowish white. Streak 
white. 

The Bath stone affords a good example of this sub- 
stance 

Tncrust ing . Sedimentary . 

Tufa. Travertino. 

Hatty, 1.370. Phil. 160. Haid. 2.63. Leon. 320. 
The most impure and irregular of all the varieties of 
carbonate of lime, varying considerably in the co- 
hesion of its particles, from a nearly pulverulent 
state (some Tufas) to that of a compact building 
stone. (Travertino.) It is a concrete production 
of many springs and streams m this and other 
Countries, and may be observed in abundance at 
Matlock in Derbyshire, near Cambridge, near Veut- 
nor in the Isle of Wight, and in some other 
places. 

It is found incrusting grass and moss at the edges 
of the water, and stems, leaves, and other substances 
immersed in it. Small baskets and birds' nests 
coated with this deposit, are sold as objects of cu- 
riosity. 

Prismatic Carbonate of Lime , No. 442. 
a. Arragonite. The coralloidal variety, Flos-ferri. 
Hauy, 1.432. Phil. 161. Haid. 2.79. Leon. 324. 
Occurs in attached and imbedded, simple and com- 
pound crystals, frequently acicular, and massive. 
Primary form a Right rhombic prism. Cryst. fig. 71. 


M,M' ss 116° 1(V. Cleavage parallel to the lute- Mineralogy 
ral planes. Fracture uneven. Hard. 3 5, 4.0. 

Sp.gr. 2.9. Transparent, translucent. Lustre vi- 
treous. Colour white, grey, reddish-brown. Streak 
greyish-white. 

Massive varieties . Globular, reniform, coralloidal, 

and amorphous. Structure fibrous, cither parallel 
or diverging, and sometimes, although rarely, com- 
pact. 

Found in several places in England, Scotland, and 
Ireland, and in many other Countries. The best 
crystals occur at Arragon, in Spain, whence the 
name, at Leogang in Salzburg, and near Hilin in 
Bohemia. And very perfect masses of the branched 
variety (flos-ferri) at Dufton, and in the Quaiitock 
hills in Somersetshire. 

b. Satin Spar? 

Phil. 150. Haid. 2.83. Leon. 315. 

Occurs in tabular masses of one or two inches thick, in 
veins in slaty clay or shale. Structure fibrous, the 
fibres purallcl, generally waved, and always trans- 
verse to the direction of the \cin. Harder than 
calcareous spar. Sp.gr. 2.7. Translucent. Lustre 
silky. Colour white, sometimes yellowish orgieyish. 

Found at Alston Moor in England, in Scotland, ami 
in North America. 

Carbonate of Magnesia and Lime. 

1. Crystallized. 

a. The surfaces flat !, or nearly so. 

Bittfjispar. Micmite . fliaranditc . No. 417. 

Hatty, 1.127. Phil. 1 62. Haid. 2.91. Leon. 305. 

Occurs in attached and imbedded ciyMnJs, and amor- 
phous masses. 

Primary form a Rhomboid. Cryst. fig. 106. I\P'= 

10G° 15'. Cleavage parallel to the primary planes, 
distinct. Fracture eonehoidal. Hard. 3 5, 4.0. 

Sp.gr. 2.884. Transparent, translucent. Lustre 
vitreous, occasionally pearly. Colour white, grey, 
black, brown, yellow, green, of different shades. 

Streak greyish-white. 

Found in the Tyrol in talc, in Piedmont, at Mierno 
in Tuscany, and in some other places. But there 
arc few localities in which good crystals are pro- 
duced. 

b. The planes curved. 

Pfarlspar. Rrov m Spar (in part.) 

Hatty, 1.421. Phil. 165. Haid. 2.94. Lcou. 305. 

Occurs in attached and generally aggregated crystals 
with curved surfaces. 

Primary form a Rhomboid. Cryst. fig. 106. Probably 
of the same angles ns bitterspar, but from the cur- 
vature of the planes they cannot be measured. 
Translucent. Lustre pearly. Colour white, some- 
times greyish, brownish, or yellowish. 

Found in many parts of Europe and America. 

2. Granular. 

a. Dolomite. Magnesian Limestone. Conite. 

Leon. 305. 

Occurs in mountain masses. Structure sometimes 
slaty. Fracture irregular. Softer than common 
limestone. Translucent, opaque. Colour while, 
sometimes greyish or yellowMi. 

The Apennines are partly composed of Dolomite* and 
the magnesian limestone is found in an extensive 
bed lying between Nottingham and Sunderland. 

It also occurs in other parts of the World. Some 
of the varieties are flexible when split or cut into 
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Mineralogy thin slabs. Coiiite is found only in Iceland. Is dc- 
scribed as having; a fracture imperfectly conch'iidal, 
and is said to scratch glass, whence it is probable 
that it docs not belong to this species. Sp.gr. 3.0. 
Opaque. Dull. Colour flesh-red. 

3. Compart . 

a . (juniiniiAN. 

Phil. 106. Haid. 2.94. Leon. 303. 

Occurs massive. Amorphous. Structure compact. 
Fracture flat conchoidal. Opaque. Dull. Co- 
lour white, sometimes yellowish. Streak white. 
Found near Gurhoff, in Lower Austria. 

Carbonate of Magnesia, Lime and Iron, No. 449. 
T.M. and An. 2.231. 

a. Occurs crystallized in rhomboids. Sp.gr. 2.927. 

Colour yellowish white. 

Found at Tcuzcii in the Orisons. 

E.J.S. 2.179. 

b . Occurs in crystalline masses, cleavable into rhomboi- 

dal lamina?. Sp gr. 2.64. Opaque. Colour brown. 
Found at Montiers in Savoy. 

c. Crystalline masses. Sji.gr. 2.9. Colour violet-blue. 
Found at Notre-Duirie-du-Prd in Savoy, and is sup- 
posed to contain free oxide of iron. 

No angles given of either of these varieties, the che- 
mical elements of which differ in their proportions. 
Carbonate of Lime and Iron, 
a, Ankewtf.. Bohivand. IVandstein of Stiriu. No. 144. 
Ilaid. 2.100. Leon. 303. 

Primary form a Rhomboid. Cmsr. fig. 106. 
P,P' = 106° 12'. Cleavage pamfel to the primary 
planes. Fracture uneven. Lustre vitreous, in- 
clining to pearly. Hard. 3.5, 4.0. Sp.gr. 3.080. 
Translucent. Colour white, with tints of grey, 
brown, red, yellow. Streak white. 

Found in Salzburg resting on beds of mica slate, 
and all along the chain of the Alps, resting on 
carbonate of iron. 

The planes are generally curved, and the measured 
angle is probably not correct. 

6. Mksitine Spar? No. 448. 

E.J.S. 8.181. 

Analysis not given, but supposed to contain lime, 
magnesia, oxides of iron and manganese. Primary 
form a Rhomboid, Cryst. fig. 107. P,P' = 
107° 14': Breit. Cleavage parallel to the primary 
planes. Hard. 3.0. Sp.gr. 3.34. 3.37. Transpa- 
rent, translucent. Lustre vitreous. Colour dark 
greyish and yellowish-white. Streak white. 

Found in small crystals in quartz at Traversella in 
Piedmont. 

Carbonate of Lime and Lead, 
a. Pi.UMnocAi.ciTB, No. 445. 

E J.S. n.s. 6 79. 

Occurs in attached crystals and crystalline masses. 
Primary form a Rhomboid. Ciiyst. fig. 106. P,P'= 
105° 5'. Cleavage parallel to the primary planes, 
distinct. Hard, under 3.0. Sp.gr. 2.824. Trans- 
parent, translucent. Lustre vitreous, sometimes 
pearly. Colour white. Streak white. 

Found at Wanlockhead, Lanarkshire, Scotland, among 
the rubbish of some old workings. 

Finale of Lime. 

a . Fluor. Fluor Spar , No. 506. 

Haiiy, 1.505. Phil. 168. Haid. 2.69. Leon. 576. 
Occurs in attached and imbedded crystals and 
massive. 


Primary form a Cube. Cryst. fig. 56. Cleavage Mineralogy 
parallel to the planes of the regular octahedron, 
distinct, hut seldom with perfect surfaces. Frac- 
ture conchoidal. Hard. 4.0. Sp.gr. 3.14. Trans- 
parent, translucent. Lustre vitreous. Colour 
white, grey, black, brown, red, yellow, green, blue, 
purple. Streak white or slightly coloured 
Massive, varieties, nodular: amorphous. Structure of 
the nodular variety large fibrous, or columnar, the 
fibres divergent. Structure of the amorphous, 
crystalline, granular, earthy, compact, and occa- 
sionally straight or curved laminar. 

Crystallized Fluor is found abundantly in England, 
and in some other parts of Europe. In America 
it occurs less frequently. The nodular vaiiety is 
found only in Derbyshire ; the granular and 
earthy in England, Norway, and some parts of 
Germany; and the compact in Cornwall, the llartz, 
and a few other places. 
b. Fluo-arhkniatb ok Lime, No. 507. 

An. 6.151. 

Occurs as a yellowish crust or coating on quartz or 
felspar, accompanying the oxide of tin, at Finbo, 
near Fahlun, in Sw r eden. 

Native Lime. 

a. Native Lime, No. 117. 

Br.M. pi. No. 1. 

Occurs amorphous. Structure earthy. Easily rubbed 
to a powder. Opaque. Dull. Colour white. 

Found near Bath. 

Nitrate of Lime, 
a. Nitrate ok Lime, No. 519. 

Phil. 177. Leon. 248. 

Occurs in fibrous efflorescences, or as a fine powder, 
on the surface of old walls, caverns, and some cal- 
careous rocks. The fibres are often aggregated 
into silky-looking tufts. Very deliquescent. Taste 
bitter. 

Phosphate of Lime. 

a. Apatite. Asparagus Stone. Moroxite . Phosphorite . 

Terre rfe Marmarosch , No. 485. 

Haiiy, 1.487. Phil. 107. Haid. 2.73. Leon. 2S2. 

Occurs in attached and imbedded crystals and crys- 
talline masses, massive aud eaithy. 

Primary form a Rhomboid. P,l*' = 63° 41' : Haid. 

Cleavage parallel to the planes of a regular hexa- 
gonal prism. Fracture conchoidal. Hard. 5.0. 

Sp.gr. 3.18, 3.22. Transparent, translucent. Lustre 
vitreous, sometimes inclining to resinous. Colour 
white, grey, brown, reddish, yellow r , green, blue, 
violet. Streak white. 

Found in Cumberland, Cornwall, in Saxony, Bohemia, 
und many other parts of Europe and America. 

Massive varieties , globular ; nodular ; reniform ; 

amorphous. Structure fibrous, granular, compact. 

Found at Schlackcnwald in Bohemia, and in Estre- 
madura in Spain. 

Earthy variety , greyish or greenish-white. 

Found neur Marmarosch in Hungary. 

Scheclate of Lime, 

a. Tungsten. Tungstate of Lime y No. 413. 

Hafiy, 4.372. Phil. 256. Haid. 2.113. Leon. 346. 

Occurs in attached and imbedded crystals and mas- 
sive. 

Primary form a Square prism. Cryst. fig. 61. 

Cleavage parallel to Mod. a and e, fig. 62 and 64. 

Fracture uneven. Hard. 4.0, 4.5. Sp.gr. 5.5, 
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Mineralog y 5.076. Translucent. Lustre vitreous. Colour 
w^.**»* w j,il C| sometimes greyish and yellowish, and grey- 
ish and reddish-brown. Streak white. 

Found in Cornwall and Cumberland in England, in 
Bohemia, Sweden, and other places in Europe, and 
in America. 

Silicate of Lime. 

a. Wollastonite. Tabular Spar , No. 161. 

Ilaiiy, 2.438. Phil. 23. flaid. 2.286. Leon. 524. 

P.M. and An. 10.190. 

Occurs in attached and imbedded crystals, and mas- 
sive. 

Primary form an Oblique rhombic prism. Cryst. fig. 
83. P,M=104°48'. M.M' = 95° 38'. Cleavage 
parallel to the terminal plane and horizontal 
diagonal. Fracture uneven. Hard. 4.0, 5.0. 
Sp.gr. 2.8, 2.86. Transparent, translucent. Lus- 
tre vitreous, in some varieties pearly on the 
cleavage surfaces. Colour white, sometimes grey- 
ish, brownish, reddish, yellowish, greenish. Streak 
white. 

Massive varieties , amorphous, composed of small 
columnar crystals lying in all directions, or fibrous, 
the fibres parallel or divergent. 

Found in very perfect crystals at Vesuvius. Its other 
localities arc Capodi Bove near Rome, the Bannat, 
Lake George in North America, and a few other 
places. 

b . Okenite, No. 162. 

K J.S. N.8. 3.27. 

Occurs in fibrous masses, having a radiated struc- 
ture. llurd. 4.0, 5.0. Sp.gr. 2.28. Colour 
white. 

Fou ud in amygdaloid, at Disco Island, Greenland. 

Sulphate of Lime , No. 532. 

a. Crystallized. 

Selenite. Gypsum . 

b. Massive. 

Alabaster. Gypsum. 

JIauy, 1.527. Phil. 174. Haid. 2.57. Leon. 122. 

Occurs in attached and imbedded crystals, and mas- 
sive. 

Primary form an Oblique rhombic prism. P,M = 
111° 34'; M,M' = 13S° 38'; Levy. Cleavage 
parallel to the oblique diagonals, very distinct, and 
parallel to the primary planes, indistinct. Frac- 
ture indistinct. Hard. 1.5, 2.0. Sp.gr. 2.310, 
2.5. Transparent, translucent. Lustre vitreous, 
on cleavage planes pearly. Colour white, occasion- 
ally grey, reddish, yellow, blue. Streak white. 

Massive varieties , globular and nodular, structure 
granular. Amorphous, structure granular, earthy, 
compact, fibrous, scaly, the scales slightly coherent. 

Found in very many parts of Europe and America, 
and probably in other parts of the World. It is 
abundant in imbedded crystals at Shotover in 
Oxfordshire, and has occurred in very perfect 
crystals at Bex in Swisserland. 

When calcined and reduced to powder, it is Plaster 
of Puris. It enters into the composition of some 
kinds of porcelain and glass. Is employed in 
agriculture as a manure, and forms the paste of 
crayons for drawing. The compact varieties are 
employed in sculpture. 

Anhydrous Sulphate of Lime . 

a. Anhydrite. Muriacite. Pierre de Trippes. Vul- 
pn\Ue % No. 533. 

VOL. VI. 
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Hofly. 1.562. Phil. 172. Haiti. 2.62. Leon. 267. Mineralogy 
Occurs in attached crystals, rarely well formed, and “v— ^ 

massive. 

Primary form a Right rhombic prism. Cryst. fi ff . 

71. M,M' = 1U0° 8'. Cleavage parullcl to the 
lateral planes, indistinct ; to the terminal plar.es and 
their twcJ diagonals very distinct. Fracture un- 
even. Hard. 3.0, 3.5. Sp.gr. 2.5, 3.0. Transpa- 
rent, translucent. Lustre vitreous, pearly on the 
cleavage surfaces. Colour white, grey, pale red, 
blue, violet. Streak greyish-white. 

Massive varieties , nodular, contorted, amorphous. 

Structure granular, compact, fibrous. 

Found at Ilalle in the Tyrol, at Bex in Swisserland, 
and in several other parts of Europe. 

Titaniate of Lime , fyc. 
a. PvRociiLonE, No. 395. 

E.J.S. 6.358. 

Occurs in imbedded octahedral crystals. 

Primary form a Cube. Cryst. fig. 56. Fracture 
uneven. Hurd. 5 0. Spgr. 4.21. Translucent, 
opaque. Colour reddish-brown. Streak pale. 

Found in Norway and Siberia. 

Magnesia. 

Borate of Magnesia, 
a. Boracite, No. 425. 

Haiiy, 2.56. Phil. 181. Haid. 2.347. Leon. 287. 

Occurs in imbedded crystals. * 

Primary form a Cube. Cryst. fig. 56. Cleavage 
parallel to the planes of the octahedron, very indis- 
tinct. Fracture uneven, imperfectly conchoidal. 

Hard. 7.0. Sp.gr. 2.97. Transparent, translu- 
cent. Lustre vitreous. Colour greyish, yellowish, 
and greenish-white. Streak white. 

Found only at Segebcrg in Holstein, and Lfincburg 
in Brunswick. 

Carbonate of Magnesia, 
a . Magnesite, No. 466. 

Phil. 179. Haid. 3.121. Leon. 302. 

Occurs in acicular crystals, massive, and in powder. 

Colour generally white, occasionally greyish und 
yellowish. 

The massive varieties are found in nodular and stu- 
lactitic forms and amorphous. Fracture, hardness, 
and specific gravity variable, according as the Mi- 
neral is more or less compact or earthy. 

Found in several parts of Europe, in India, and 
abundantly at Hoboken in North America. 

Carbonate of Magnesia and Iron, 
a . Breunnerit, No. 450. 

Phil. 378. Haid. 2.99. Leon. 309. 

Occurs in imbedded crystals. 

Primary form a Rhomboid. Cryst. fig. 106. P,P'= 

107° 30'. Cleavage parallel to the primary planes, 
very distinct. Fracture conchoidal. Hard. 4.0, 

4.5. Sp.gr. 3.0, 3.2. Transparent, translucent. 

Lustre vitreous. Colour yellow, of different shades, 
and black. Streak white. 

Found at Zillerlhal and other places in Salzburg, 
and in the Tyrol. 

Hydrate of Magnesia, 
a. Shepardite, No. 141. 

Phil. 95. Haid. 3.112. Leon. 244. 

Occurs rarely in attached or imbedded hexagonal 
prisms, generally i;i laminar masses and fibrous. 

Pritmuy form a Rhomboid. Cryst. fig. 106. P,P\ 

3 x 
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Mineralogy unknown. Hard* 1.0, 1.5. Sp.gr. 2.33, 2.63. 

Transparent, translucent. Lustre pearly. Colour 
white, greenish-white. Streak white. 

The fibrous variety is the Nemalite of Nut tall. 

Found at Hoboken in New Jersey, North America, 
and in the Isle of Unst, Shetland. 

Phosphate of Magnesia . 
a . Waonerit, No. 486. 

Haid. 3.169. Leon. 277. P.M. and An. 1.133. 

Occurs in attached or imbedded crystals. 

Primary form an Oblique rhombic prism. Cryst. fig. 
83. P,M = 109° 20'. M,M' = 95° 25'. Cleav- 
age indistinct, parallel to the horizontal diagonal. 
Fracture uneven. Hard. 5.0, 5.5. Sp.gr. 3.01. 
Transparent, translucent. Lustre vitreous. Colour 
greyish and reddish-yellow. Streak white. 

Found at Ilnllgraben in Salzburg, and is said to have 
occurred in the United States. 

Silicate, of Magnesia, 
a, Marmolitb, No. 167. 

Haid. 3.121. Leon. 762. 

Occurs massive ; structure columnar, irregularly in- 
tersecting. Th^f columnar portions are foliated, 
having a cleavage in two directions intersecting 
each other. Hard. 3.5. Sp.gr. 2.47. Translu- 
cent. Opaque. Lustre pearly. Colour pale yel- 
lowish and greyish-green 

Found at Hoboken in New Jersey, North America. 

It is probable that the serpentines are also silicates of 
magnesia, und for the present we inelude them in 
this class 

h. Serpentine, No. 163. 

Phil. 97. Haid. 3.151. Leon. 777 

Occurs in imbedded crystals and massive. Fracture 
conchoidal, uneven, splintery. Hard. 3.0. Sp.gr. 
2.2, 2.6. Nearly opaque. Lustre resinous, dull. 
Colour dull greenish-yellow, and various shades of 
green, sometimes very dark and spotted with red. 
Streak white, shining. 

Found in all parts of the World in beds and mountain 
masses. 

The Stcaloid of Muller, E.J.S. n.s. 3.31, occurs in 
crystals at Snarum in Norway, and is said to be 
a variety of serpentine. 

c. Steatite. Soap Stone, Speckslein, Talc Steatite , 

No. 164. 

Haiiy, 2.493. Phil.118. IIaid.3.157. Leon. 188,223. 

Occurs in amorphous masses, sometimes containing 
imbedded crystals of the same substance, of the 
forms of quartz and carbonate of lime. Struc- 
ture compact. Fracture uneven, splintery. Soft. 
Sp.gr. 2.6, 2.63. Opaque. Dull. Colour yel- 
lowish and greyish-white. Streak shining. Feels 
greasy. 

Said to be found in many parts of the World, but it 
is probable that several distinct Minerals, merely 
on account of their soapy or greasy feel, have been 
so named. 

d . Meerschaum, No. 165 

Phil. 180. Leon. 222. 

Occurs in imbedded masses. Structure earthy. Frac- 
ture uneven. Opaque. Dull. Colour white, 
sometimes slightly yellowish or greyish. Streak 
white. 

Found in Greece, the Crimea, and some other parts of 

Europe. 


Sulphate of Magnesia. Minsralo^y 

a, Epsom it e. Epsom Salt , No. 535. ^ ^ 

Haiiy, 2.51. Phil. 180. Haid. 2.48. Leon. 116. 

Occurs botryoidal, reniform, massive, as a crust 
on the surface of other bodies, and in solution 
in Mineral waters. Structure fibrous, sometimes 
earthy. Fracture, when observable, conchoidal. 

Hard, of artificial crystals 2.0, 2.5. Sp.gr. 1.75. 
Transparent, translucent. Lustre vitreous. Co- 
lour white. Streak white. 

Found on the surface of decomposing schist, in coal 
pits, on old walls, and in other situations. 

Sulphate o f Magnesia and Soda . 
a, Bloedite, No. 537. 

Hnid. 3.79. Leon. 125. 

Occurs in fibrous masses, accompanying the Poly- 
hallite at Ischcl in Upper Austria. Fracture un- 
even. Translucent. Lustre nearly vitreous. Co- 
lour red. 

Manganese, 

Arseniuret of Manoanbse? No. 39. 

Inst. J. 1829, 2.3S1. 

Occurs on foliated gulena. Structure fine granular. 

Fracture uneven. Brittle. Sp.gr. 5.55. Opaque. 

Lustre metallic. Colour whitish-grey, but becom- 
ing dull and covered with a fine blackish powder 
after exposure to the air. 

Supposed to have been found in Saxony. 

Carbonate of Manganese, 
a, Koiilerite, No. 451. 

Phil. 246. Ilaid. 2.106. Leon. 299. 

Occurs in attached crystals and massive. 

Primary form a Rhomboid. Cryst. fig. 106. P,P' 
about 107°. Cleavage parallel to the primary 
planes. Fracture uneven Hard. 3.5. Sp.gr. 3.59. 
Translucent. Lustre vitreous, on cleavage surfaces 
rather pearly. Colour rose-red, sometimes brown- 
ish. Streak white. 

Massive varieties , globular, botryoidal. Structure 
fibrous, compact. Amorphous, structure granular, 
fibrous, compact. 

Found at Kapnic and Nngyak in Transylvania, and 
in Saxony, the Hartz, and other places. 

Oxide of Manganese, 

a, Manoanite, No. 118. 

E.J.S. 4.41. 

Occurs in attached and imbedded crystals and mas- 
sive. 

Primary form a Right rhombic prism. Cryst. fig. 

71. M,M' = 99° 30'. Cleavage parallel to the la- 
teral planes and both diagonals. Fracture uneven. 

Hard. 4.0, 4.25. Sp.gr. 4.32. Opaque. Lustre 
imperfect metallic. Colour dark brownish or grey- 
ish-black. Streak reddish-brown. 

Massive varieties, amorphous. Structure crystalline, 
granular, large fibrous. 

Found at llefcld in the Hartz, and in other places. 

b, Varvicite, No. 119. 

P.M. and An. 5.209. 

Occurs massive, and resembles Manganite in colour, 
but is much softer, and soils the fiugers more. 

Sp.gr. 4.819. 

Found in Warwickshire. 

c, Pyrolusitf., No. 120. 

E.J.S. 9.304. 
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Mineralogy Occurs in attached crystals and massive. 

Primary fonrt a Right rhombic prism. Cryst. fig. 
71. M,M' about 93° 40'. Levy. Cleavage pa- 
rallel to the lateral planes and short diagonal, indis- 
tinct Hard. 2.0, 2.5. Sp.gr. 4.82, 4.94. Opaque. 
Lustre metallic. Colour iron-black. Streak black. 

Massive varieties , reniform, botryoidal, amorphous. 
Structure fibrous, granular. 

Fouud in Thuringia and many other pluces in Eu- 
rope, aud in Brazil, but never at IleJcld , with the 
Manganite. 

d. Psi i.om elan a, No. 121. 

E.J.S. 4.47. 

Occurs in reniform, botryoidal, and fruticose shapes, 
and amorphous. Structure indistinctly fibrous and 
granular, compact Fracture conchoidal, even. 
Hard. 5.0, 6.0. Sp.gr. 4.145. Opaque. Lustre im- 
perfect metallic. Colour bluish and greyish-black. 
Streak brownish-black. 

Found in most depositories of manganese ores. 

e. IIausmannite, No. 122. 

E.J S. 4.46. 

Occurs in attached octahedral crystals, and massive. 

Primary form a Square prism. Cryst. fig. 61. c,c', 

fig. 64, = 105° 25'. Cleavage parallel to P,C, 
and a, fig. 62. Fracture uneven. Hard. 5.0, 5.5. 
Sp.gr. 4.722. Opaque. Lustre imperfect metal- 
lic. Colour brownish-black. 

Found at Ilmcnuu iu Thuringia. 

/. Braunitk, No. 123. 

E.J.S. 4.48. 

Occurs iu attached and imbedded crystals aud mas- 
sive. Primary foim a Square prism. Cryst. fig. 
64. c,c' f tig. 67, = 109° 53'. Cleavage parallel to 
r, distinct. Fracture uneven. Hard. 6.0, 6.5. 
Sp.gr. 4.818. Opaque. Lustre imperfect me- 
tallic. Colour dark brownish-black. Streak the sume. 

Found at Elgersburg and at Wunsiadel, and per- 
haps in Thuringia. 

Oxide of Manganese, Iron , and Copper . 

a. Black Copper. Black Oxide of Copper, No. 139. 

Leon. 564. 

Occurs in amorphous masses. Structure earthy. 
Soft, friable. Opaque. Dull. Colour black. 

Found in most copper mines. 

Oxide of Manganese and Copper . 

a . Cupreous Manganese, No. 133. 

Haiti. 3.92. Leon. 755. 

Occurs reniform, botryoidal, aud amorphous. Struc- 
ture compact. Fracture imperfect conchoidal. 
Sp.gr. 3.197, 3.216. Opaque. Lustre resinous. 
Colour bluish-black. Streak the same. 

Found in Bohemia and ? in Chili. 

Phosphate of Manganese and Iron. 

a. Ullmannjte, No. 490. , 

Phil. 248. Haid. 3.136. Leon. 284. 

Occurs massive. Cleavage in three directions per- 
pendicular to each other. Fracture fiat con- 
choidal. Hard. 5.0, 5.5. Sp.gr. 3.44, 3.77. 
Opaquo. Lustre resinous. Colour reddish or 
brownish-black. Streak yellowish-grey. 

Found near Limoges in France, and ? near Pennsyl- 
vania, North America. 

b. Hetepozite, No. 491. 

E.J.S. N.s, 3.359. 

Occurs in scaly masses. Cleavage iu three directions, 
giving an Oblique rhombic prism of about 100°. 


Hard, about 5. Sp.gr. 3.524. Lustre resinous Mineralogy 
Colour greenish or bluish-grey. 

Found near Limoges. 
c. Huiiaulite, No. 492. 

E.J.S. n.s. 3.359. 

Bi- silicate of Manganese . 
a . Strumite, No. 169. 

Occurs in minute crystals. Hard, about 4.0. Sp.gr. 

2.27. Transpareut. Lustre vitreous. Colour 
reddish-yellow. 

Fouud near Limoges. 

Phil. 245. Haid. 3.122. Leon. 520. 

Occurs massive. Structure crystalline. Cleavage 
parallel to the lateral planes of a prism of about 
92° 30', and to both its diagonals. Fracture un- 
even. Hard. 5.0, 5.5. Sp.gr. 3.54. Slightly 
translucent. Colour red. 

Found in Sweden, and at Franklin in New Jersey, 

North America. 

Compounds of silica, oxide of manganese, and car- 
bonate of manganese have been indistinctly de- 
scribed under the names of Allagite, Rhodonite, 

Photizite, and llorumaiigan, but whether they are 
distinct species may perhaps be questioned. Spe- 
cimens have appeared in this Country under these 
names, hut little resembling iu their characters 
the published descriptions. 

Sulph a ret of Manganese, 
a . Kobellite, No. 70. 

Hatty, 4.268. Phil. 246. Haul. 3.31. Leon. 656. 

Primary form a Cube. * Cryst. fig. 51. Cleavage 
parallel to P, distinct. Fracture uneven. Hard. 

3.5, 4.0. Sp.gr. 4.014. Opaque. Lustre imper- 
fect metallic. Colour, when first fractured, dark 
steel -grey, but becomes greyish-black by exposure 
to the air. Streak dark green. 

Massive varii tics , amorphous, structure granular, com- 
pact. 

Found at Nagyag iu Transylvania, and ? iu Cornwall. 
Mellilite, No. 361. 

Hatty, 4.504. Phil. 208. Haid. 3.125. Leon. 213, 760. 

Occurs in attached crystals. 

Primary form a Square prism. Cryst. fig. 65. Traus- 
lucent, opaque. Colour reddish and greyish-yel- 
low, and brownish-red. 

Fouud at Tivoli and Capo di Bove near Rome. 

Mercury. 

Chloride of Mercury. 

Baumf.rite. Horn Mercury . Muriate of Mercury , 

No. 68. 

Ilaiiy, 3.331. Phil. 359. Haid. 2.156. Leon. 5S0 

Occurs in attached crystals, and in tubercular crusts. 

Primary form u Square prism. Cryst. fig. 65. 

Cleavage parullcl to the lateral plunes. Fractwie 
conchoidal. Hard. 1.0, 2.0. Sp.gr. 6.482. Tra:i .- 
lucent. Lustre adumautiue. Colour yellowish or 
pale grey. Streak white. 

Found with other ores of Mercury in Bohemia, the 
Palatinate, Spain, and principally at Moschel- 
andsberg, in Deuxpouts. 

Native. Mercury, 
a. Mercury, No. 12. 

Ilauv, 3.297. Phil. 357. Haid. 2.432. Leon. 696. 

Fluid. Occurs in small cavities or crevices of the 
rock in which it is found, and is frequently accom- 
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,|,ral, W panicd by red silver. Sp.gr. 13.6. Opaque. Lus- 
tre bright metallic. Colour tin- white. 

Its principal localities are Idria in Camiolu, and 
Almaden in Spain. 

b. Native Amalgam, No. 13. 

1 fatly 9 3.297. Phil. 357. Haid. 2.431. Leon. 698. 

Occurs in attached and imbedded crystals, and massive. 

Primary form a Cube. Cryst. fig. 56. Cleavage 
fiat conclioidal, very indistinct. Hard. 3.0. 3.5. 
Sp.gr. 13.755. Opuqtie. Lustre bright metallic. 
Colour silver white. Streak the same. 

Massive variety , umorplious. Structure compact. It 
is sometimes rendered semi-fluid by mixture with 
fluid mercury. 

Found in Hungary, the Palatinate, Deuxpouts, and 
in France, Spain, and Sweden. 

S xdphuret of Mercury . 

a. Cinnabar. Hepatic Cinnabar . Liverore , No. 92. 

Haiiy, 3.313. Phil. 358. Haid. 3.44. Leon. 631. 

Occurs in attached crystals and massive. 

Primary form a Rhomboid. Cryst. fig. 106. P.P' 
= 71° 48'. Cleavage distinct, parallel to plane <*, 
fig. 111. Fracture conchoidal. Hard. 2.0, 2,5. 
Sp.gr. 8.1. Transparent, translucent. Lustre 
adamantine. Colour bright red, and durker shades 
to reddish -grey. Streak scarlet. 

Massive varieties , amorphous. Structure granular to 
compact, sometimes fibrous and pulverulent. 

The Hepatic and Bituminous Cinnabar appeur to be 
mixtures of this ore wit^i shale and coarse coal. 

Found ill Europe, chiefly at Idria in Carniola, at 
Almaden in Spain, and in the Palatinate, and in 
several parts of Mexico and South America. 

Mf.solf., No. 209. 

Haid. 3.126. Leon. 206. 

Occurs in globular and reniform masses, sometimes 
imbedded, but generally covering a thin stratum of 
Mesoline. Structure fibrous, foliuted, radiating, 
llnrd. 3.5. Spgr. 2.37. Translucent. Lustre 
pearly. Colour white, sometimes yellowish. 

Found in the Faroe Islands. 

Meson pe. Natrolile , No. 207. 

Hally, 3.179. Phil- 123. Haid. 2.236. Leon. 204. 

Occurs in attached crystals and massive. 

Primary form a Right rhombic prism. Cryst. fig. 71. 
M,M'=:91 0 10'. Cleavage parallel to the lateral 
planes. Fracture conchoidnl. Hard. 5.0, 5.5. 
Sp.gr. 2.249. Transparent, translucent. Lustre 
vitreous. Colour white, with shades of grey, red, 
and yellow. Streak white. 

Massive varieties, , globular and reniform. Structure 
fibrous, radiating. Surface drusy. 

Found in Iceland, the Faroe Islands, Scotland, Ire- 
land, and in many other places, lining cavities in 
basaltic and porphyritic rocks and ancient lavas. 

Mf.soliik. Needle Stone, No. 208. 

Corresponds nearly with the preceding description, 
but the angle of the prism is 91° 20'. 

Mica. 

It is certain that several distinct species of Minerals 
are included under i\vs name, merely because they 
may be easily split into very thin , shining plates, 
but they cannot at present be distinguished by any 
characters which have been hitherto given. The 
following description of crystalline forms applies 
principally to the micas from Vesuvius. 


a. Rhomboidal , No. 258. Miacralogv 

Hally, 3.111, Phil. 106. Ilaid. 2.198. Leon. 437. — 

Occurs in attached hexagonal prisms, and massive. 

Primary form a Rhomboid. Cryst. fig. 106. Cleav- 
age very distinct, perpendicular to the axis. ■ Frac- 
ture not observable. Hardness of the cleavage 
surfaces 2.0. 2.5, that of the edges being 4.5, 5.5. 

Sp.gr. 2.7, 3.0. Transparent, translucent. Lus- 
tre vitreous, pearly on the cleavage surfaces. Co- 
lour white, grey, black, brown, pale red, dull yel- 
low, green. Streak white, grey. 

Massive varieties , globular, structure fibrous, foliated. 
Amorphous, structure foliated, granular, fibrous. 

Found in primitive rocks in all parts of the World, 
and abundantly in the masses ejected from Vesuvius. 

b. Oblique prismatic. No. 259. 

The preceding references and descriptions will pro- 
bably apply to this variety, with the exception of 
the crystalline form, which is an Oblique rhombic 
prism. Cryst. fig. 83. P,M = 98°40'. M,M' = 

120°. Phil. 

c. Lf.pidolite. Lilac Mica , No. 260. 

Haiiy, 3.116. Phil. 141. Haid. 2.202. Leon. 451. 

Occurs in amorphous masses, composed generally of 
small, thin, flexible scales. Fracture uneven. Sp.gr. 

2.832. The scales or plates are translucent. Co- 
lour pearl-grey, rose and purple-red, ami greenish. 

. Found at Rozena in Moravia, at Uto in Sweden, in 
North America, and some few other places. 

d. Maroaiute. Pearl Mica , No. 261. 

Phil. 208. Haid. 2.204. Leon. 766. 

Occurs in thin, hexagonal, attached crystals, and in 
masses of small, thin, shining laminae. 

Primary form a Rhomboid. Cryst. fig. 56. Cleavage 
distinct, perpendicular to the axis. Fracture not 
observable. Hard. 3.5, 4.5. Sp.gr. 3.032. Trans- 
lucent. Lustre pearly, bright. Colour greyish, 
reddish, and yellowish-white. Streak white. 

Found at Sterling in the Tyrol. 

e . Rubellan. Red Mica? No. 262. 

Leon. *74. 

Occurs in small, imbedded, hexagonal, micaceous 
plates, not elastic. Soft. Sp.gr. 2.5, 2.7. Colour 
reddish-brown. 

f Oderit. Black Mica ? No. 263. 

Occurs in masses which nmy be splikinto thin leaves 
like mica, it is opaque and black, with very little 
lustre, and is probably mica, containing some 
foreign matter, which has altered its usual appear- 
ance. 

Found in Sweden. 

Molybdenum . 

Svlphuret of Molybdenum . 

a. Molvbdf.nite, No. 107. 

Haiiy, 4.326. Phil. 248. Ilaid. 3.18. Leon. 667. 

Occurs in imbedded hexagonal crystals, and massive. 

Primary form a Rhomboid. Cleavage very distinct, 
perpendicular to the axis. Fracture not observable. 

Hard. 1.0, 1.5. Sp.gr. 4.5, 4.7. Opaque. Lustre 
metallic. Colour lead-grey. Streak the same. 

Thin laminae very flexible. 

Massive variety , amorphous, structure granular, fo- 
liated. 

Found in Saxony and Bohemia, and in other places 
in Europe and America. 
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Mineralogy OxiDF. op Molybdenum, No. 416. 

— Phil. 249. 

Occurs as a crust on the sulphuret, and in thin layers 
between its laminae. Structure earthy, and very 
thin fibrous. Friable. Dull. Colour pale yellow. 

Found iu Norway, Scotland, and North America. 
Has not been analyzed. 

Monticellite, No. 362. 

P.M. and An. 10.265. 

A Mineral from Vesuvius, nearly resembling Peridot 
in its form and measurements, but requiring fur- 
ther examination of better specimens for the pur- 
pose of a more exact description. 

Murchisonitk, No. 368. 

P.M. and An. 1.448. 

Occurs in imbedded crystals and crystalline masses. 

Primary form an Oblique rhombic prism. Cryst. fig. 
83. P,A, fig. 91 ss 106° 50'. Cleavage distinct 
parallel to P and to both its diagonals. Fracture 
uneven. Hard. 5.5, 6.0. Sp.gr. 2.509. Trans- 
lucent, opaque. Lustre vitreous, pearly on the 
plane h . Colour white, with a slight tinge of red. 

Found imbedded in the new red sandstone at Daw- 
lish, and at Henvitree, near Exeter, Devonshire. 

The inclination of P on h agrees very nearly, if not 
exactly, with the measurement on corresponding 
planes of the moonstone of Ceylon, the peculiar 
lustre of which is observable, us in Murchisonite, 
only on the plane h. 

Muriatic Acid Gas, Chlorine , No. 58. 

Occurs in the state of gas. Transparent. Sp.gr. 
1.274. Odour pungent. Taste acid. 

Found in the neighbourhood of active volcanoes. 

Ni'.cronjte, No. 3C4. 

Appears from its cleavage, hardness, and some other 
characters to be felspar. 

Nephkline. So?nmit*\ No. 239. 

Hatty, 3.347. Phil. 125. llaid. 2.250. Leon. 468. 

Occurs in attached hexagonal prisms. Primary form 
a Rhomboid. Cryst. fig. 106. P,P' = 88° 55'. 
11 aid. Cleavage indistinct , parallel to the planes 

of the hexagonal prism. Fracture conchoidal. 
Hard. 6.0. Sp.gr. 2.56. Transparent, translucent. 
Lustre vitreous. Colour white. Streak white. 

Found among the matter ejected from Vesuvius. 

Nickel . 

Arskniate of Nickel, No. 474. 

Hatty, 3.421. Phil. 284. llaid. 2.448. Leon. 164. 

Occurs as a powdery crust on the surface of urseniuret 
of nickel, and massive. Opaque. Dull. Colour 
green, and greenish-white. 

Found accompanying arseniuret of nickel, and produced 
from the decomposition of that substance. 

Arseniuret of NickeL 

Copper Nickel, No. 28. 

Hatty, 3.417. Phil. 283. llaid. 2,446. Leon. 678. 

Occurs in botryoidal and reniform masses, with a 
fibrous structure ; more commonly amorphous. 
Structure compact. Fracture uneven. Splintery. 
Hurd. 5.0, 5.5. Sp.gr. 7.65. Opuque. Lustre 
metallic. Colour yellowish and greyish-red of 
different shades. Streuk pale brownish -black. 

Found in Cornwall, Scotland, Saxony, Bohemia, and 
other parts of Europe, aud in South America. 


Oxide of Nickel, No. 130. 

Phil. 284. 

Occurs in a green Mineral named Pimelite, but who 
ther combined with silica, or merely colourm* 
hydrous quartz, appears uncertain. * 

Found in Serpentine in Silesia. 

Sulphuret of Nickel. 

Native Nickel. Capillary Nickel , No. 76 . 

Hatty, 3.412. Phil. 282. llaid. 3 129. Leon. 651. 

Occurs iu regular hexagonal capillary crystals. 

Primary form a Rhomboid. Cryst. fig. 106 . Opaque. 
Lustre metallic. Colour yellow, sometimes gre>ish. 

Found in Wales and Cornwall in England, and in 
Saxony, Bohemia, and the Hartz. 

Sulpho-arseniuret of Nickel. 

Nickelglanz. Grey Nickel , No. 115. 

An. 15.147. Leon. 652 

Occurs massive. Structure granular. Fracture of 
the mass uneven, the separate grains foliated. 
Easily frangible. Sp.gr. 6.129. Opaque. Lustre 
metallic. Colour pale lead -grey, becoming reddish 
by tarnish. 

Found in Sweden and in the Hartz. 


MineraXogj 


Nuttallite, No. 365. * 

llaid. 3.133. a Leon. 765. 

Occurs in attached and imbedded crystals. 

Primary form a Square prism. Cryst. fig. 65, of the 
same dimensions ns Sea polite. Cleavage parallel 
to the lateral planes. Fracture uneven. Hard. 
4.0, 4.5. Translucent. Lustre vitreous. Colourgrey. 

Found at Bolton in Massachusetts. And probably 
some of the dark grey Scapolites from Finland will 
be found to belong to this species. 

Obsidian. Marckanite , No. 249. 

Hatty, 3.101. Phil. 112. llaid. 2.337. Leon. 413. 

Occurs massive and in rolled grains. Structure com- 
pact. Fracture conchoidal. Hard. 6.0, 7.0. Sp.gr. 
2.35, 2.40. Transparent, opaque. Lustre vitreous. 
Colour grey ish -brown, greenish or brownish-black, 
black, dull red, and dull green. 

Found in the neighbourhood of most volcanoes, and 
in beds and veins traversing rocks in many parts 
of Europe, Asia, and America. 

Obsidian, Pitchstoue, Pearlstone, and Pumice have 
been considered as belonging to the same Mineral 
species, from the apparent passage of one into the 
other, und the consequent absence of exact charac- 
ters by which they may be distinguished. There 
appears, however, a chemical difference in their 
composition ; the Pitchstone and Pearlstone con- 
taining water, which the others do not ; on which 
account they have been kept separate in this Trea- 
tise. 

Osm elite, No. 366. 

P.M. and An. 3.71. 

Is said to consist of thin prismatic concretions, either 
scopiformly or Btellularly arranged, and these again 
collected into masses of coarse, granular concre- 
tions. Cleavage apparent in only one direction. 
Hard. 4.0, 5.0. Sp.gr. about 2.8. Translucent. 
Colour whitish, yellowish, and brownish-grey. Feels 
greasy. Odour strong clayey. Taste like clay, 
and seems to dissolve in the mouth, but without 
producing any apparent change in the substance. 

Found at Niederkirch'*n, near Wolfstein, on the Rhine. 

Osmium, a metal found combined with Iridium, in small 
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Mineralogy grains among the platina in South America and 
Russia. See Iridium. 

Ostranite, No. 367. 

E.N.P.J. 4.186. Leon. 765. 

Is said to occur crystallized in the form of a Right 
rhombic prism, of about 96°. Hard.about6.5. Spgr. 
4.32. Lustre vitreous. Colour dark brown. 

Found in Norway, and supposed by M. Dreithaupt to 
be a new metallic oxide. 

Palladium, No. 14. 

Hauy, 3.230. Phil. 325. Haul. 3.134. Leon. 
Occurs in rolled grains accompanying the native pla- 
tina of Brazil, and in miuute particles, imbedded 
in and combined with much of the native gold of 
Brozil. 

Structure of the rolled grains fibrous, divergent. 
Sp.gr. 11.8. Opaque. Lustre metallic. Colour 
whitish steel-grey. 

Pearlktone, No. 245. 

Phil. 1 12. II aid. 2.337. Leon. 182. 

Occurs massive. Structure granular, the gruins va- 
rying in size, and formed of thin concentric la- 
mina*. Fracture uneven. Hard. 4.5, 5.0. Sp.gr. 
2 34. Translucent, opaque. Lustre pearly. Co- 
lour grey, greyish-black, blackish or reddish-brown. 
Found principally at Tokay, in Huiignry, also at 
CaboduGato, in Spain, and in a few other places. 
See Obsidian. 

Pektomtk, No. 225. 

E J.S. 9.364. 

Occurs iu spheroidal masses. Structure fibrous, ra- 
diating. Hard. 4.5, 5.5. Sp.gr.2.69. Nearly opaque. 
Lustre pearly. Colour greyish-white. 

Found on Natrolite at Monte Baldo, South Tyrol. 
Peridot. Chrysolite. Olivine? I ly dioxide rite ? No. 283. 
Hatty, 2.465. Phil. 95. 96. Haid. 2.345. Leon. 530. 
Occurs in attached, imbedded, and loose crystals, and 
massive. 

Primary form a Right rhombic prism. Cryst. tig. 71. 
M,M'=I20°. Levy. Fracture conchoidal. Hard. 
6.5, 7.0. Sp.gr. 3.441. Transparent, translucent. 
Lustre vitreous. Colour green of various shades, 
sometimes yellowish or brownish. Streak white. 
Massive varieties, amorphous. Composition granular, 
the grains slightly coherent. 

The locality of the Chrysolite used in jewellery is not 
known, but is supposed to be Upper Egypt. 
Olivine occurs in basalt and lava in Bohemia, 
Hungary, on the banks of the Rhine, and ill other 
places. 

Pet a lite, No. 229. 

Hauy, 3. 137. Phil. 143. Haid. 2.248. Leon. 4 1 6. 
Occurs in masses composed of smaller crystalline 
musses, promiscuously aggregated, sometimes so 
minute us to appear compact. Cleavage parallel 
to the lateral planes and both diagonals ot a rhombic 
prism of about 100°. Fracture uneven. Hard. 6.0, 
6 5. Sp.gr. 2.44. Translucent. Lustre vitreous. 
Colour white. Streak white. 

Found at Uton in Sweden, and in North America. 
Picrolitb, No. 251. 

Phil. 209. Haid. 3.136. Leon. 225. 

Occurs mussivc. Structure thin fibrous. Fracture 
splintery. Hard. 3.0, 6.0. Nearly opaque. Little 
lustre, inclining to pearly. Colour yellowish- 
green. 

Found at Taberg and Nordmarken in Sweden. 


Picrosmine, No. 252. Mineralogy 

Haid. 3.137. Leon. 512, 768. Wv-p^ 

Occurs crystallized and massive. 

Primary form a Right rhombic prism. Cryst. %. 71. 

M,M' = 117° 49'. Cleavage distinct parallel toP, 
indistinct parallel to the long diagonal and to M. 

Fracture indistinct, uneven. Hard. 2.5, 3.0. Sp.gr. 

2.66. Nearly opaque. Lustre dull vitreous, pearly 
on the surface M. Colour greenish- white, green of 
several shades, sometimes blackish. Streak white. 

Massive varieties: structure thin fibrous, fracture 
splintery ; granular to compact, fracture earthy. 

Found at Engelsburg in Bohemia. 

Finite, No. 266. 

Ilaiiy, 2.353. Phil. 80. fluid. 3 139. Leon. 464. 

Occurs in imbedded crystals, which are generally 
hexagonal prisms. 

Primary form a Rhomboid. Cryst. fig. 106. P,F 
unknown. Cleavage very indistinct. Fracture 
uneven. Hard. 2.0, 2.5. Spgr. 2.78, 2.98. Opaque. 

Lustre slightly resinous. Colour greenish-grey, 
blackish brown, brown, blackish-green. 

Found in Suxony, Auvergne, England, and some 
other p:irts of Europe, and in North America. 

Pinguite, No. 368. 

E.N.P.J. 9.382. Leon. 468. 

Occurs massive at Be schert- Gluck, Saxony, and is 
said to resemble Bole and Green iron earth ; two 
names under which several substances differing in 
most of their characters appear to have been 
classed. Hence they afford liLtle indication of the 
characters of Pinguite. 

Pitcustonk, No. 246. 

Phil. 130. Haid. 2.337. Leon. 181. 

Occurs massive. Structure compact, sometimes slaty. 

Fracture imperfect conchoidal, one of the characters 
by which it is distinguished from Obsidian. Hard. 

5.0, 6.0. Sp.gr. 2.3, 2.7. Translucent, opaque. 

Lustre resi no- vitreous. Colour grey, black, brown, 
red, yellow, green, blue, dull and sometimes va- 
riously mixed. 

Found at Meissner in Saxony, in Ireland, the Western 
Islands of Scotland, and in other places. 

See Obsidian. 

Platina, No. 15. 

Hauy, 3.226. Phil. 324. Haid. 2.441. Leon.T05. 

Occurs in grains of various sizes. No cleavage. 

Fracture hackly. Hard. 4.0, 4.5. Sp.gr. 17.332. 

Opaque. Lustre metallic. Colour steel-grey. 

Streak shining. 

Found in Peru, Brazil, and lately in Russia. 

Pluranium, P.M. and An. 2.391, 5.234. 

A metal said to have been discovered in the Russian 
Platina by Professor Osann of Dorpat. 

Polvhallite, No. 538. 

Phil. 199. Haid. 3.141. Leon. 769. E.J.S. 7.246. 

Occurs crystallized and massive. 

Primary form a Right rhombic prism. Cryst. fig. 

71. M,M' sb about 115°. Cleavage indistinct, pa- 
rallel to M,M'. Fracture uneven. Hard. 2.5. 

Sp.gr. 2.73, 2.77. Opaque. Lustre resinous. 

Colour pale flesh-red, sometimes yellowish. 

Found at Ischel iu Upper Austria. 

POONAHLITE, No. 369. 

P.M. and An. 10.J09. 

Occurs iu long slender crystals accompanying Apc- 
phyllite and Stilbite. 
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Mineralogy Primary form a Right rhombic prism. Crybt. fig. 

/ 71, M,M' = 92°20'. Fracture uneven. Trans- 

parent, translucent. Lustre vitreous. Colourless, 
white. 

Found at Poonah in the East Indies. 

Potj$b. 

Nitrate of Potash, 
a . Nitre. Saltpetre , No. 517. 

Hatty, 2.177. Phil. 189. Haid. 2.34. Leon. 247. 

Occurs in crusts and capillary fibres, on or near the 
surface of the earth, and in old walls, &c. Hard. 
2.0. Sp.gr. 1.93. Transparent, translucent. Lus- 
tre of the fractured surface vitreous. Colour white, 
sometimes yellowish. Taste saline and cool. 

Found in most parts of the World. 

Sulphate, of Potash, 
a. Bernhardite, No. 524. 

Hatty, 2.187. Haid. 3.159. Leon. 271. 

Occurs at Mount Vesuvius in small white tubercular 
or globular masses on lava. Hard. 2.5, 3.0. 
Sp.gr. 1.737. Translucent, Lustre of the frac- 
tured surface vitreous. 

Previnitr, No. 222. 

Kovpholile when in very thin crystals. 

Hatty, 2.603. Phil. 36. Haid. 2.217. Leon. 170. 

Occurs in attached and aggregated crystuls and 
massive. 

Primary form a Right rhombic prism. Cryst. fig. 71. 
M,M' = 99° 50'. Cleavage distinct, parallel to P, 
less so parallel to the lateral planes. Fractim* 
uneven. Hard. 6.0, 7.0. Sp.gr. 2.926. Trans- 
parent, translucent. Lustre vitreous. Colour 
white, grey, yellow, green of various shades. Streak 
while. 

Massive varieties , globular, hotryoidal, nodular, sla- 
lactitic. Structure broad fibrous. Amorphous, 
structure granular, compact. Surfaces rough, 
drusy. 

Found originally at the Cape of Good Hope, and 
since at many places in Europe, America, and 
Asia. 

Pumice, No. 247. 

Phil. 133. Haid. 2.337. Leon. 411. 

Occurs massive. Structure fibrous, and very porous. 
From its porous structure it flouts on water. Trans- 
lucent, opaque. Lustre of some varieties vitreous, 
but generally pearly. Colour grey, sometimes 
brownish or yellowish. 

Found principally in the Lipari Islands. 

See Obsidian. 

Pyrallolite, No. 166. 

Phil. 68. Haid. 3.141. Leon. 512. 

Occurs crystallized and massive. Cleavage parallel to 
the lateral planes of a prism of about 94° 36'. 
Fracture earthy. Hard. 3.5, 4.0. Sp.gr. 2.55, 
2.60. Translucent, opaque. Lustre resinous. 
Colour white, occasionally greenish or yellowish. 

Massive variety, structure fibrous, granular. 

Found at Fargas in Finland. 

Pyrargillite, No. 370. 

Occurs in bluish and brownish-black amorphous 
masses, in a felspar or granitic rock in Finland. 
pYROl’HYLLlTE, No. 255. 


Formerly known as Radiated Talc , hut newly named Mineralogy 
on account of its ready exfoliation on exposure to 
heat. 

Pyrobmalite, No. 282. 

Phil. 235. Haid. 8.143. I, eon. 772. 

Occurs in attached and imbedded hexagonal prisms. 

Primary form a Rhomboid. Cmsr. fig. 106. 

Cleavage distinct perpendicular to the a\?s, indis- 
tinct parallel to the planes of the prism. Fracture 
uneven. Hard. 4.0, 4.5. Sp.gr. 3.08. Trans, 
parent, opaque. Lustre of the transparent variety, 
vitreous, of the opaque, pearly on the cleaxagc 
surface. Colour greyish-green. Streak pale. 

Found at Nordmnrk in Sweden. 

Pyroxene. Alalite. Baikalite. Diopside . Vassaitc. 
Malacolite. Mnssite . Pyrgnm. Sahtite , No. 268 
to 272. 

Hatty, 2.407. Phil. 58. Haid. 2.268. Leon. 503. 

Occurs in attached and imbedded crystals and mas- 
sive. 

Primary form an Oblique rhombic prism. Chyst. 
fig. 83. P,M = 105 o 45'. M,M'=r87°5'. Cleavage 
parallel to the lateral planes and to both the dia- 
gonals. Fracture cotichoidul, une\en. Hard. 5.0, 

6,0. Sp.gr. 3.23, 3.35. Transparent to opaque. 

Lustre vitreous, vitreo-resinous. Colour white, 
grey, black, brown, yellow, green, of many shades. 

Streak paler colour. 

Massive varieties , amorphous. Structure granular, 
columnar, parallel, and radiating ; laminar. 

Found in most basaltic rocks, in luva, and in the 
older rocks iu most purts of the World. 

Radiomte? No. 224. 

E.J.S. 10.370. 

The notice referred to is that of an analysis by Hune- 
feld of a substance called Radiolite, unaccompanied 
by any description or indication of locality. A spe- 
cimen in the writer's possession, so named we be- 
lieve by Esinark, exactly resembles the fibrous 
Mineral from Norway named Bergman n if e. But 
whether this is the Mineral analyzed by Hunefeld 
% is uncertain. 

Razoumoffskin, No. 371. 

An. 4.215. 7.62. 

A white powder discovered by Lentz in the clefts 
of quartz rocks in Silesia. In vol. iv. of the 
Annals o f Phil, it is said (o be composed of silica, 
alumina , potash and water ; and in vol. vii. it is 
said to contain silica, magnesia , and carbonic acid. 

Hence two different Minerals have passed under this 
name. 

Rhodium. A brittle metal found by Dr. Wollaston in 
combination with native platinans uu alloy. 

Rhutenium. P.M. and An. 2.391. 5.233. 

A metal said to have been discovered in the Russian 
platina by Professor Osann of Dorpat. 

Sapiiirine, No. 3)3. 

Leon. 775. 

Occurs in thin crystalline plates, separated by plates 
of mica. Fructure uneven. Hard. 7.0, 8.0. 

Sp.gr. 3.42. Translucent. Lustre vitreous. Co- 
lour blue, sometimes greenish. Streak white. 

Found in Greenland. 

Sarcolitb, No. 372. 

P.M. and An. 10.189. 

Occurs in attached crystals. 

Primary form a Square prism. Cr\st. fig. 61. Trans- 
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Mineralogy parent, translucent. Lustre vitreous. Colour 
white, and pale flesh-red. 

Found in cavities in the masses ejected from Vesuvius. 

Red Analcime and Gmelinite have incorrectly passed 
under this name merely on account of their colour. 

Scapolite. Paranthine. JVcrnerite . Chelmsfordite , 
No. 285. 

Hatty, 2.586. Phil. 137. Haid. 2.264. Leon. 474. 

Occurs in attached and imbedded crystals and inas- 

Priinary form a Square prism. Chyst. fig. 61. Fre- 
quently decomposed and dull on the surface. 
Cleavage parallel to the primury planes and both 
the diagonals. Fracture uneven. Hard. 5.0, 5.5. 
Sp.gr. 2.72. Translucent, opaque. Lustre vitreous. 
Colour white, grey, green, red. 

Found in Norway, Sweden, Finland, Greenland, aud 
in North America. 

MeionUe , No. 236. Generally in transparent crystals 
from Vesuvius. 

Sc u eel / uju. 

a. Oxide of Scheelium. Schcelic Acid? Tungstic 
Acid? No. 412. 

Phil. 254. 

Occurs massive, with some appearance of crystalline 
form. Fracture conchoidal. Sp.gr. 6.0. * Trans- 
lucent. Lustre adamantine. Colour yellow of 
dilTerent shades, sometimes greyish. Resembles 
sulphur in appearance. Inodorous. Tasteless. 
Insoluble in acids. 

Found in quartz in a mine near Baltimore? North 
America. 

Schiller Spar. Diallage Metalloid e. No. 287. 

Hatty, 2.455. Phil. 71. Iluid. 2.206. Leon. 517. 

Occurs in crystalline plates and small aggregated 
crystals generally in serpentine. , Cleavage parallel 
to the lateral planes and to both the diagonals of a 
rhombic prism of about 93° 30'. The angle of 
135° to 140° quoted by Ilaidinger is evidently the 
inclination of a primary to a diagonal plane, which 
is 136° 15\ Fracture uneven, scarcely observable. 
Hard. 3.5, 4.0. Sp.gr. 2.69. Nearly opaque. 
Lustre pearly metallic. Colour yellowish and black- 
ish green. 

Found at Baste in the Hartz, at Zdbliz in Saxony, 
and a few other places. 

SmoARiTE, No. 529. 

Leon. 258. 

This Mineral is said to be fibrous, and composed of 
10 parts of silex and 90 of sulphate of barytes, 
and to be soluble in sulphuric acid. 

Its professed locality is Carlisle, in the State of New 
York, North America. 

Selenium, No. 45. 

Occurs as a red coating on sulphur, and sometimes 
in small globular and botryoidal shapes, with a 
smooth and bright surface. Fracture conchoidal. 
Translucent. Lustre vitreous. Colour pale dull 
red. 

Found in the Lipari Islands. 

Sjderoclepte, No. 373. 

Oa). 273. 

Soft. Translucent. Lustre greasy. Colour yellow- 
ish-green. 


Found in the lavas of the extinct volcanoes of Bris- Mtaftriogy 
gau. 

SULPHURETOF SELENIUM, No. 110. 

E.P.J. 13.190. Leon. 599. 

Found in the Lipari Islands, disposed in layers, and 
of a brownish-yellow colour. 

Silica, 

HaGy, 2.228. Phil. 1. Haid. 2.321. Leon. 372. 

The differences of structure, hardness, specific gravity, 
mixture with foreign matter, and other characters 
belonging to this species, are so numerous as to 
render any single description inapplicable to all its 
varieties. And the intimate connection of some of 
these with others, into which they appear to pass 
by insensible degrees, as that of brittle opal into 
tough calcedony, renders it equally impracticable 
to define with precision their respective limits. It 
will, however, be convenient to divide the species 
first into anhydrous , which we simply term 
quartz , and hydrous quartz ; and each of these into 
smaller subdivisions. 

Quartz, No. 154. 

a. The structure crystalline, 

1. Attached , imbedded , and aggregated crystals. 

Colourless, transparent. Rock crystal . 

Coloured, and of various degrees of transparency 

und translucency. 

White. 

Grey. 

Black. 

Brown. Smoky quartz. 

Red. Compostella quartz. 

Yellow, transparent. 

nearly opaque. Eisen Kiesel. 

Green, transparent. 

nearly opaque. Prase. 

Blue, translucent. Siderite . 

Purple. Amethyst . 

Primary form a Rhomboid. P,P / =94° 15'. Cleavage 
parallel to the planes of the hexagonal prism and 
pyramids of the ordinary crystals. Fracture con- 
choidal. Hard. 7.0. Sp.gr. 2.69. Transparent to 
opaque. Lustre vitreous, in some varieties resi- 
nous. Colour of almost every variety. 

2. Amorphous. 

Colourless, transparent. Rock crystal. 

Slightly bluish pale grey. Milky quartz. 

Slightly greyish with little lustre. Fat quartz. 

Pale red. Rose quartz. 

Pale green, a variety of Amethyst. 

Pale brownish-red, and greenish-grey, slightly 
coloured, penetrated by Amianthus. Catseye. 

Blue. Siderite. * 

Containing minute fissures or scales of mica 
which reflect many brilliant points of light. 
Avanturine. 

3. Massive aggregations of particles in which the 

crystalline structure is apparent. 

Fibrous, the fibres parallel or divergent. 

Granular, the grains varying in size, and co- 
hering with different degrees of force, or being 
loose in the form of sand. 

b. The crystalline structure of the particles not appa- 

rent. 

Chalcedony. Botryoidal, stalactitic, reniform, nodu - 
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lar, amorphous, and sometimes in pscudomor- 
phous crystals of the forms of carbonate of lime, 
(Hornstone,) and of Datholitc. (Haytorite.) The 
nodular varieties are 

Onyx, when composed of flat layers or bunds 
of different colours. 

Agate , when the bands are concentrically 
curved. 

Other varieties arc 

Sard , brownish-yellow. 

Plasma , dark green, translucent. 

Chiysoprase, when pale green. 

Cornelian , when white, or brownish or yellow- 
ish-red. 


Heliotrope , dark green spotted with red, opaque. 
Flint , in nodular and tabular masses of various 
shades of black and grey, and of other colours. 
Mixed with variously coloured clays and other 
extraneous matter , and generally opaque. 
Jasper , principally red, yellow, brown, and green 
of many shades. 

Flinty stale. Basanite Touchstone. Colour 
dark greyish-black. 

Hydrous Quartz, No. 1-55. 

Occurs nodular and amorphous.' 

Oi*a l distinguished as 

Precious , when it presents iridescent colours. 

Fire opal, when the internal reflection is bright red. 
Hydrophone , when transparency and the colours of 
the precious opal may be produced by immersion 
in water. Appendix. 

Common opal , when the colours, which ore very 
various, are simple. 

Semi opal, when it is dull and opaque. 

Wood opaly showing the woody structure. 
Cacholong , white opaque opal. 

Opal jasper, if mixed with much foreign matter. 
Mmilile , opaque and brown. 

Hyalite, Fionte, in small globular and botryoidal 
forms. 

Gey st rite. Sili cions sinter. No. 159. SiliciousDc- 
jwsils from the hotspr ing sin Iceland and elsewhere. 
Structure compact, resembling opal, to fine granular 
and earthy. 

IIydrosilicitk, No. 156. 

Appendix to Quartz. 

P.M. n.s. 3.71. 


Occurs in amorphous masses in serpentine. Frac- 
ture even. Soft. Translucent. Dull. Colour white. 
Feels greasy. 

Found ut Frankenbcrg in Silesia, accompanying 
chrysopruse, opal, and pimclite. 

KoNiLire. No. 157. 

Phil. 207. Leon. 753. 

Occurs in the form of a loose white powder in some of 
the atnygdaloids in the Highlands of Scotland and 
some of the Western Islands. It appears from 
analysis to be nearly pure silcx, but its ready fusi- 
bility into a transparent colourless bead induced 
Dr. Macculloch to suppose that it contained some 
other matter besides a small portion of lime which 
easily separated from it. 

Tripoli, and Polisiuno Slate, No. 158. 

Leon. 785. 

These appear to be nearly similar compounds of 
silica in a finely divided state, with small propor- 
tions of alumina and oxide of iron. 

▼OL. YI. 


They are massive, earthy, friable, and of a greyish, Mineralogy 
brownish, or yellowish colour. ' ^ v — , - 

Found in France, Italy, atul some parts of Ger- 
many. 


Silver. 

Stibiurct of Silver . 
a. Antimonial Silver, No. 26. 

Ilauy, 3.258. Phil. 236. Iiaid. 2.427. Leon. 685. 
Occurs crystallized, granular, and massive. 

Primary form a Right rhombic prism. CnvsT.fig. 71. 
M,M' about 120°. Cleavage parallel to the ter- 
minal plane and short diagonal of the prism. 
Fracture uneven. Hard. 3.5. Sp.gr. 9.4 1, 9 H2. 
Opaque. Lustre metallic. Colour silver- white. 
Streak the same. 

Massive varieties , amorphous, structure granular, 
foliated. 

Found in the Hurtz, in Salzburg, and at Guadal- 
canal in Spain. 

Arsenical Stibiurct of Silver frequently accompanies 
the preceding, of which it is considered a variety 
containing a mixture of arsenic. 

Carbonate of Silver . 
a. Selrite, No. 459. 

ilauy, 3 290. Phil. 295. Leon. 702. 

Occurs massive and disseminated in veins traversing 
granite. Structure fine granular. Fracture un- 
even. Soft. Heavy. Opaque. Lustre metallic. 
Colour greyish-black. 

Found at Altwolfuteh in the Black Forest. 

Chloride of Stiver. 

a . Laxmannite. Horn Silver. Muriate of Silver , No. 
67. 

Haiiy, 3.292. Phil. 295, Iiaid. 2.154. Leon. 581. 
Occurs crystallized and massive. 

Primary forma Cube. Cryst. fig. 56. No cleavage. 
Fracture uneven. Hard. 1.0, 1.5. Sp.gr. 5.55. 
Translucent. Lustre resinous, bright. Colour grey, 
yellow, green, blue of different shades, mostly dull. 
Streak shining. Sectile. 

Found with other ores of silver in several parts of 
Europe and America. 

Iodide of Silver, 
a. ITcrreralite, No. 57. 

Nuevo Systeina Mineral, por Del Bio, p. 8. 

Structure lamellar. Soft. Externally white, inter- 
nally yellowish. 

Found in serpentine at Albarradon in the State of 
Zacatecas, Mexico. 

Native Silver . 

а . Silver, No. 11. 

Ilauy, 3.249. Phil. 285. Haul. 2.433. Leon. 699. 
Occurs crystallized, dendritic, capillary, and massive. 
Primary form a Cube. Cryst. fig. 56. No cleavage. 
Fracture hackly. Hard. 2.5. 3.0. Sp gr. 10.473. 
Opaque. Lustre metallic. Colour white. Streak 
shining. 

Massive varieties , amorphous, laminar. 

Found in many different places in Europe and Ame- 
rica. 

б. Auriferous Native Silver does not appear to form a 

distinct chemical species, but differs in the propor- 
tions of gold and silver in different specimens. 
Seleniurct of Silver and Copp> r. 
a. Eucaikite, No. 54. 

3 Y 
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Mineralogy Ilaiiy, 3.470. Phil. 294. Haiti. 3.94. Leon. 593. 

Occurs in small granular masses in a serpentine rock. 
Soft. Opaque. Lustre metallic. Colour greyish- 
white. 

Found in Sweden. 

Sulphuret of Silver. 

a. Henkelite. Silver Glance . No. 88. 

Ilaiiy, 3.265. Phil. 288. Haid. 3.11. Loon. 635. 
Occurs in attached and aggregated crystals and 
massive. 

Primary form a Cube. Cryst. fig. 65. Fracture 
uneven. Hard. 2.0, 2.5. Sp.gr. 7.196. Opaque. 
Lustre metallic. Colour lead- grey, sometimes 
blackish from tarnish. 

Massive varieties , amorphous, laminar. 

Found in most silver mines. 

Sal pint ret of Silver and Iron? 
a. Stern reiki nr., No. 91, Flexible Sulphuret of Silver 
of Hournon. Cat. 209. 

K.J S. 7.242. Leon. 779. 

Occurs in attached crystals. 

Primary form a Right rhombic prism. Ciiyst. fig. 71. 
M,M'— 119° 3>'. Cleavage distinct parallel to 
the terminal plane. The lamina* very llexible. 
Hard. J.O. 1.5. Sp.gr. 4.215. Opaque. Lustre me- 
tallic. Colour dark brown, often with a blue tar- 
nish. Streak black. 

Found at Jouehimsthul in Bohemia. 

Sulphuret of Silver and Antimony. 

Red Silver. 
llhomboidal. 

a. Rrwrdiie, No. 104. 

Jinny, 3.269. Phil. 291. Haul. 3 38. Leon. 610. 
Occurs in attached crystals and massive. 

Primary form a Rhomboid. Cryst. fig. 106. P,P' 
= 109° 3o\ Cleavage parallel to the primary 
planes, generally indistinct. Fracture conchoidal. 
Hard. 2.0, 2.5. Spgr. 5846. Translucent. 
Opaque. Lustre adamantine. Colour red, of dif- 
ferent shades, frequently dark and blackish. 
Streak red. 

Massive varieties , amorphous, structure granular, 
compact. 

Found in many paits of Europe and America. 

Old it] nr Prismatic . 

b. Miaruv rife, No. 105. 

Haid. 3. 12. 

Occurs iu attached crystals. 

Primary form ait Ohliquc rhombic prism. Cryst. 
fig. 83. M,M' = 86°4'. PA fig. 91, 101° 6'. 
Cleavage imperfect. Fracture uneven. Hard. 2.0, 
2.5. Sp.gr. 5.234. Nearly opaque. Lustre 
bright metallic. Colour iron-black. Streak dark 
red. 

Found near Freiberg in Saxony. 

Right Prismatic. 

c . Polybasitr. Brittle Silver, No. IOC. 

Ilaiiy, 3.2S0. Phil. 390. Haid. 3.27. Leon. 639. 
Occurs in attached and aggregated crystals. 

Primary form a Right rhombic prism. Cryst. fig. 71. 
M,\t' = IIPS', Haid. Cleavage imperfect. 
Fracture uneven. Hard. 2.0, 2.5. Sp.gr. 6.269. 
Translucent. Opaque. Lustre metallic. Colour 
iron-black. 

Found iu Saxony, Bohemia, and other parts of 
Europe, and in Mexico and Peru. 

Among the numerous specimens named Brittle Silver 


in the Mineral collection* in this Country, we have Mineralogy 
not observed one agreeing in crystalline form with ^ "V*'' 
the above description. 

Sulphuret of Silver and Antimony . 
a. Romelite. Mine d’ Argent grise Antimoniale, No. 

103. 

De l isle, 3.54. Phil. 290. Haid. 3.30. Leon. 

685. 

Occurs in attached crystals. 

Primary form a Right rhombic prism. Cryst. fig. 

71. M,M' = 100°. Phil. Cleavage parallel to the 
lateral planes. Sp.gr. 5.5. Opaque. Lustre me- 
tallic. Colour nearly silver- white. 

Found near Freiberg. 

Sulphuret of Silver and Copper . 
a. SlLVERKUPFERO LANE, No. 89. 

Phil. 293. Haid. 3.73. Kirwan, 2. 121. 

Occurs massive. Compact.. Fracture flat conchoidal. 

Soft. Sp.gr. 6.255. Opaque. Lustre metallic. 

Colour dark lead-grey. Streak shining. 

Found in Siberia. 

Sulphuret of Silver , Lead , and Bwnuth. 
a. Bismutihc Silver, No. 90. 

Phil. 294. Haid. 3.78. Leon. 618. 

Occurs in aciculnr crystals and massive. 

Fracture uneven. Opaque. Colour when first 
broken light lead-grey, but liable to tarnish. 

Massive varieties , amorphous, structure compact. 

Found at Shapbach iu Baden, in a bed of gneiss. 

Sulpho-trllurel of Silver and Bismuth, 
a. Molybdic Silver. Molybdan Silver , No. 21. 

Phil. 297. Haid. 3.127. Leon. 5S9. 

Occurs in small laminated masses at Deutsch Pilsen 
near (irard, and resembles the Sulpho-telluret of 
Bismuth, but is said to be composed of sulphur, 
bismuth, tellurium, and silver, it appears, how- 
ever, to be an uncertain species. 

Sod*. 

Borate of Soda, 
a. Borax. Tincal , No. 424. 

Hatty, 2.200. Phil. 192. Haid. 2.52. Leon. 148. 

Occurs in single crystals and massive. 

Primary form an Oblique rhombic prism. Cryst. fig. 

83. P t M = 101 o 30'. M,M' = S6°40'. Cleavage 
parallel to Ihc lateral planes and both diagonals. 

Fracture conchoidal. Hard. 2.0, 2.5. Sp.gr. 

1.716. Transparent, translucent. Lustre resi- 
nous. Colour slightly greyish, greenish, or bluish- 
white. Streak white. 

Found chiefly in a lake iu Thibet, and also in Persia 
and in South America. 

Carbonate, of Soda, 
a. Oblique Rhombic , No. 432. 

Haiiy, 2.207. Phil. 190. Haid. 2.&7. Leon. 149. 

Occurs crystallized, massive, und in powder. 

Primary form an Oblique rhombic prism. Cryst. 
fig. 93. P,M = 108° 45'. M,M' = 76° 12'. 

Levy. Cleavage parallel to the primary planes and 
ohliquc diagonal. Fracture conchoidal. Hard. 1.0, 

1.5. Sp.gr. 1.423. Transparent, tranlucent. Lustre 
vitreous. Colour white, sometimes yellowish or 
greyish. Streak white. Very efflorescent. 

Massive varieties, structure fibrous, granular. 

Found abundantly in Hungary and the natron 
lakes of Egypt, and iu some other places. 
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Mineralogy 6. Right Rhombic , No. 493. 

^ II aid. 2.29. 

Occurs in crystals lining cavities of the massive va- 
rieties of the preceding species. 

Primary form a Right rhombic prism. CnYST. fig. 7 1 . 
M,M' = 107° 50'. Cleavage indistinct. F racture 
conchoidal. Hard. 1.5. Sp.gr. 1.562. Transpa- 
rent, translucent. Lustre vitreous. Colour white, 
sometimes yellowish. Streak white. Less efflo- 
rescent than the preceding species. 

c. Trona, No. 434. 

Phil. 190. Haid. 3.164. Leon. 149. 

Occurs in crystalline coats, with a fibrous structure. 

Primary form an Oblique rhombic pristn. Ciiyst. 
fig. 83. Measurements uncertain. Cleavage pa- 
rallel to P, distinct. Fracture uneven. Hard. 2.5, 
3.0. Sp.gr. 2.112. Transparent, translucent. Lus- 
tre vitreous. Colour white, sometimes yellowish. 
Streak white. Does not effloresce. 

Found on the banks of lakes in the Kingdom of 
Fezzan in Africa. 

d. Bicarbonate of Soda? No. 435. 

N.J. 35. 48. 

Occurs in strata of two to six inches thick on a bed of 
clay containing muriate of soda. Structure gra- 
nular. Colour yellowish-grey, does not effloresce. 

Found near Buenos Ayres. 

Carbonate of Soda and Lime . 

a. Gay Lussitf., No. 436. 


E.J.S. 5.372. P.M. and An. 1.263. 

Occurs in imbedded crystals. 

Primary form a Right rhombic prism. Cryst. fig. 
71. M,M' = 68° 50'. Cleavage parallel to the 
lateral planes distinct; less so parallel to the ter- 
minal plane. Fracture conchoidal. Hard. 2.5. 
Sp gr. 1.93, 1.99. Transparent. Lustre vitreous. 
Colourless. 

Found in a thin stratum of soft clay covering a bed 
of carbonate of soda, called Uruo , at the bottom of 
u lake near Lagunilla, a day’s journey South-West 
of Merida in Columbia. 
b. Baiikuglite, No. 137. 

P.M. and An. 7.389. 

Occurs in crystalline masses. Cleavage distinct, pa- 
rallel to the planes of a rhomboid, supposed to be 
similar to that of carbonate of lime. Hurd. 3.5. 
Sp.gr. 2.921. Transparent. Lustre vitreous. 
Colour not described. 

Loculity unknown. 

Differs from Gay Lussite in the proportions of its 
constituent elements. But the accuracy of the 
analysis appears to be questioned by Berzelius. 

Chloride of Sodium . 

Rock Salt, No. 59. 

Hatty, 2.191. Phil. 193. llaid. 2.36. Leon. 584. 

Occurs in solution in water, and massive. Structure 
crystalline, fibrous. 

Primary form a Cube. Cryst. fig. 56. Cleavage 
parallel to the primary planes. Fracture con- 
choidal. Hard. 2.0. Sp.gr. 2.257. Transparent, 
translucent Lustre vitreous, rather dull. Colour 
white, grey, red, yellow, blue. Streak white. 
Taste saline. 

Found abundantly in Europe, Asia, Africa, and Ame- 
rica. The great salt deposits in this Couutry arc 
Northwich in Cheshire, and Droitwich in Wor- 
cestershire. 


Nitrate of Soda, 
a . Riverolite, No. 518. 

Hatty, 2.214. Phil. 191. Haid. 3.132. Leon. 246. 

Occurs with clay in beds of ditfemit thickness. 

Primary form a Rhomboid. Cryst. fig. 106. P,l v = 
106° 33'. Haid. Cleavage parallel to the primary 
planes. Fracture conchoidal. Hard. 1 . 5 , 2 . 0 . 
Sp.gr. 2.096. Transparent. Lustre vitreous! Co- 
lour white. Streak white. Taste cool. 

Found crystallized in the district of Atacama in 
Peru. 

Sulphate of Soda, 
a. Glauber Salt, No. 525. 

Hatty, 2.189. Phil. 191. Haid. 2.31. Leon. 125. 

Occurs in solution in water, and as an efflniesreuce 
on soil and other surfaces. 

Primary form an Oblique rhombic prism. Ciiyst. 
fig. 83. P.M m 101° 20'. M,M' = 80° 24'. 
Cleavage parallel to the terminal planes. Fracture 
conchoidal. Hard. 1.5. 2.0. Sp gr. 1.18. Trans- 
parent, translucent. Lustre vitreous. Colour white. 
Streak white. Taste cool, bitter. 

Found in several places in and ouL ui Europe. 

Anhydrous Sulphate of Soda, 
a . Tiienaroite, No. 526. 

E.J.S. 6.182. An. n.s. 12.313. 

Occurs crystallized. 

Primary form a Right rhombic prism. Cryst. fig 71. 
M,M' about 125°. Cleavage parallel to the. pri- 
mary planes. Sp.gr. about 2.73. Translucent, 
opaque. Soluble in water. 

Found at Espertines near Madrid. 

Sulphate of Soda and Lime . 
a. G laud i:iu i e. Brongniartin , No. 534. 

Hatty, 2.215. Phil. 198. llaid. 2.54. Leon. 270. 

Occurs in imbedded crystals in rock salt. 

Primary form an Oblique, rhombic prism. Ciinst. fig. 
93. P,M = 101° 15'. M,M'=83°2U'. Cleavage 
parallel to Pnnd M. Fracture conchoidal. Hurd. 
2.5, 3.U. Sp.gr. 2.807. Transparent, translu- 
cent, but becomes opaque after immersion in water. 
Lustre vitreous. Colour yellowish and greyish- 
white. Streak white. Taste slightly saline. 

Found at Ocana in New Castile, and at Aussee in 
Upper Austria. 

Sulphate of Soda and Magnesia, 
a. Reussite, No. 536. 

A salt said to consist of about two-thirds sulphate of 
soda, and one-third sulphate of magnesia, but of 
which we do not find any published description. 


Mineralogy 


Sooalite, No. 240. 

Hatty, 3.59. Phil. 127. Haid. 2.226. Leon. 461. 

Occurs in attached and aggregated crystals and 
massive. 

Primary form a Cube. Cryst. fig. 56. Cleavage 
parallel to the planes of the Rhombic dodecahe- 
dron. Fracture uneven. Hard. 5.5, 6.0. Sp.gr. 
2.3. Translucent. Lustre vitreous. Colour green- 
ish-grey and greenish and greyish-white. Streak 
white. 

Massive varieties , amorphous. Structure granular, 
compact. Minerals from Greenland, Siberia, ami 
Vesuvius haVe passed under this name, but it is 
doubtful whether they all belong to the same spe- 
cies. . 

Some KV iLLiTK. Jfumboldlilitc of Manlicfllt, No. 374. 

3 v 3 
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Q.J. 16.274. Haid. 3.154. Leon. 484. 

Occurs in uttachcd crystals. 

Primary form a Square prism. Cryst. fig. 65. P,« 
= 147° .V. Cleavage perpendicular to the axis, 
very distinct. Fracture uneven. Transparent, 
translucent. Lustre vitreous. Colour dull pale 
brownish-yellow. 

Found in the cavities of matter ejected from Ve- 
suvius. 

SoRDAWALlTE, No. 309. 

Phil. 210. Haid. 3.155. Leon. 799. 

Occurs massive. Structure compact. Fracture con- 
choidal. Hard. 5.0. Sp.gr. 2.53. Opaque. Lus- 
tre vitreo-metallic*. Colour greenish or greyish- 
black. 

Found near Sordawala in Finland. 

Si’ll jKRU LITE, No. 218. 

Phil. 209. Haid. 3.155. Leon. 780. 

Occurs in small spheroidal and hotryoidal masses 
imbedded in pearlsone and pitchstone. Structure 
fibrous, compact. Hard. 7.0, 7.5. Sp.gr. 2.4, 
2.52. Opaque. Dull. Colour grey, brown, red, 
yellow of various shades. 

Found in Hungary, Saxony, Iceland, and Scotland. 

Spiyelunk, No. 56 6. 

Hatty, 4.507. Phil. 127. Haid. 3.156. Leon. 459. 

Occurs in imbedded dodecahedral crystals in a rock of 
glassy felspar. 

Primary form a Cube. Cryst. fig. 5G. Cleavage 
distinct, parallel to the planes of the Rhombic 
dodecahedron. Fracture uneven. Hard. 5.5, 6.0. 
Sp.gr. 2.28. Translucent, opaque. Lustre vitreo- 
rcsiuous. Colour grey, greyish-black, brown. 

Found at the Lake of Loach. This might have been 
called Sodalite with as much propriety as the 
variety from Vesuvius. 

Spinellk. Plconaste . Candite. Balas Ruby , No. 147. 

Hatty, 2.166. Phil. 90. Haid. 2.295. Leon. 544. 

Occurs in loose and imbedded octahedral crystals. 

Primary form a Cube. Ciiyst. fig. 56. Cleavage 
indistinct. Fractuie conchoidal. Hard. 8.0, Sp gr. 
3.5, 3.7. Transparent, translucent. Lustre vi- 
treous. Colour black, brown, red, yellow, green, 
blue, violet. Streak white. 

Found in loose crystals in Ceylon, ami imbedded in 
carbonate of lime in Sweden and North America. 

Spooit.meni'. Triphaw , No. 230. 

Hatty, 3.134. Phil. 142. Haid. 2.216. Leon. 433. 

Occurs in imbedded crystalline masses of various 
sizes. 

Cleavage parallel to the lateral planes and great dia- 
gonal of a Rhombic prism of about 93\ Fracture 
uneven. Hard. 6.5, 7.0. Sp.gr. 3.17, 3.19. Trans- 
lucent. Lustre pearly cm the cleavage planes. 
Colour white, sometimes greyish uml greenish, and 
greyish-green. Streak white. 

Found in Sweden, the Tyrol, Ireland, and in North 
America. 

Soda Spodumene , No. 231. 

Lustre more vitreous than the preceding. 

Stauuolitb. Grenatitc . Staurotide , No. 321. 

II auy, 2.338. Phil. 82. Haid. 2.366. Leon. 409. 

Occurs in imbedded crystals. 

Primary form a Right rhombic prism. Cryst. fig. 71. 
M»M' = 129° 20'. Phil. Cleavage parallel to the la- 
teral planes and both diagonals. Fracture uneven. 
Hard. 7.0, 7.5. Sp.gr. 3.3, 3.72. Transparent, 


translucent. Lustre vitreo-rcsinous. Colour dark Mineralogy 
brownish-red. Streak white. v — ■-v-*-'' 

Found in France, Spain, Portugal, and some other 
parts of Europe, and in North America. 

Stilbite, No. 213. 

Iiatiy, 3.155. Phil. 37. Haid. 2.239. Leon. 193. 

Occurs in attached and variously aggregated crystals. 

Primary form a Right rhombic prism. M,M' = 

94° 11'. Levy. Cleavage parallel to both the dia- 
gonals. Fracture uneven. Hard. 3.5, 4.0. Sp.gr. 

2.16, 2.5. Transparent, translucent. Lustre vi- 
treous. Colour white, brown, red, yellow. Streak 
white. 

The aggregated crystals are sometimes fasciculated. 

Found abundantly in Iceland and the Faroe Islands, 
and generally in trap rocks. 

Stiiontia. 

Carbonate of Strontia. 

Stiiontia nite, No. 439. 

Hatty, 2.43. Phil. 186. Haid. 2.1 16. Leon. 328. 

Occurs in acicular, rarely in tabular crystals, and 
massive. 

Primary form a Right rhombic prism. Cryst. fig. 

71. M,\l # = 117° 30'. Cleavage distinct parallel 

to M,M'. Fracture uneven. Hard. 3.5. Sp.gr. 

3.6, 3.67. Transparent, translucent. Lustre vi- 
treous. Colour white, grey, pale, brown, and 
green. Streak white. 

Massive va ridies, globular, amorphous. Structure 
fibrous, with a pearly lustre, rarely granular. 

Found at Stroutiaii in Scotland, Braunsdorf in 
Saxony, Leogang in Salzburg, and in Peru. 

Barytiferous Carbonate of Strontia . 

Stromnitk, No. 440. 

Haid. 3.159. 

Occurs massive, in veins in clay slate. 

Structure fibrous with traces of crystallization. Hard. 

3.5. Sp.gr. 3.7. Translucent. Lustre inclining 
to pearly. Colour yellowish and greyish-while. 

Found at Strom ness in Orkney. 

Sulphate of Strontia. 

Celf.stine, No. 530. 

Hatty, 2.30. Phil. 187. Haid. 2.126. Leon. 262. 

Occurs crystallized and massive. 

Primary form a Right rhombic prism. Ciiyst. fig. 

71. M,M' = 104°. Cleavage parallel to the pri- 
mary planes. Fracture uneven. Hard. 3.0, 3.5. 

Sp.gr. 3.6, 3.86. Transparent, translucent. Lus- 
tre vitreous, peuily ou the cleavage surfaces. Co- 
lour white, pale blue, and red of different shades. 

Massive varieties , nodular, tabular, amorphous. 

Structure columnar, fibrous, granular. 

Found in Sicily, at Bex in Swisserland, at Lake Erie, 

North America, in the Tyrol, and some other places, 

.itid massive near Bristol. 

Sulphate of Strontia and Barytes . 

Grunf.rite. Radiated Celestine , No. 531. 

E.P.J. 11.329. Leon. 266. 

Occurs in beds in a coarse limestone. Structure ra- 
diated. Hard. 3.0, 3.5. Sp.gr. 3.7619. Trans- 
lucent. Lustre vitreous. Colour white, occa- 
sionally witli a shade of blue. 

Found at Norten near Hanover. 
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a. Native Sulphur, No. 69. 

1 1 aily, 4.407. Phil. 360. Haid. 3.5:2. Leon. 595. 

Occurs in attached crystals and massive. 

Primary form a Right rhombic prism. Crvst. fig. 71. 
M,M' = 101° 59'. Haid. Cleavage indistinct. 
Fracture conchoidal. Hard. J.5, 2.5. Sp.gr. 2.072. 
Transparent, translucent. Lustre resinous. Co- 
lour yellow, greenish-grey. Streak paler. 

Massive varieties , stalactitic, of various shapes. Struc- 
ture compact. Amorphous, structure crystalline, 
granular, compact. 

Found in beds in primitive and secondary rocks in 
several parts of Europe, and generally in volcanic 
Countries. Most of the sulphur of commerce coines 
from Solfatara near Naples. 

b. Sulphuric Acid, No 521. 

Phil. 144. Haid. 2.23. 

Occurs as a gas issuing from active volcanoes, also in 
a fluid state in their neighbourhood, and in a con- 
crete form in grottos and caves in the mountain 
Raceoliuo, near Sienna, and in some other vol- 
canic districts. 

Odour of the gas pungent; taste of the fluid and 
solid strongly acid and burning. 

Tachylite, No. 311. 

E.N.P.J. 1.364. Leon. 781. 

Occurs massive and in plates. 

No cleavage. Fracture small, conchoidal. Hard. 6.5. 
Sp.gr. 2.50, 2.54. Translucent, opaque. Lustre 
vitreous, vitreo-resinous. Colour brownish and 
greenish-black. Streak dark grey. Resembles Ob- 
sidian. 

Found at Slisabiihl, near Gottingen. 

Tai.c. Potstonr, No. 254. 

Hatty, 2.489. Phil. 116, 117, 120. Ilaid. 2.193. 
Leon. 444. 

Occurs in attached and aggregated hexagonal crys- 
tals and massive. 

Primary form a Rhomboid. Cuvet, fig. 106. Cleav- 
age distinct, perpendicular to the axis. Hard. 1.0, 

1.5. Sp.gr. 2.713. Translucent. Lustre pearly. 
Colour white, greyish, and green of many shades. 
Streak the same. 

Massive varieties , granular, earthy. 

Found in all parts of the World. 

It is probable that several distinct species of Minerals 
have passed under this name. 

Tantalite. Columbite , No. 402 to 108. 

Haiiy, 4.387. Phil. 269. Haid. 2 390. Leon. 319. 

Occurs in attached and imbedded crystals and mas- 
sive. 

Primary form a Right rhombic prism. Cryst. fig. 71. 
M,M'=104° nearly. Fracture uneven. Hard. 
6.0. Sp.gr. 6.038. Opaque. Lustre imperfect 
metallic. Colour greyish-black. 

Massive variety , nodular, amorphous. Structure gra- 
nular, compact. 

Found in Finland, Sweden, Bavaria, and North 
America. 

Tautolite, No. 375. 

E.J.S. 8.181. 

Occurs crystallized in the volcanic rocks at Luke 
Loach. 

Primary fonn a Right rhombic prism. Cryst. fig. 71. 
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MfM* = 109° 48'. Cleavage parallel to M and Mineralogy 
the greater diagonal. Fracture uneven. Hard, ^ 

6.5, 7.0. Sp.gr. 3.865. Opaque. Lustre vi- 
treous. Colour black. Streak grey. 

Tellurium. 

а. Native Tellurium, No. 19. 

Haiiy, 4.379. Phil. 326. Haid. 2.421. Leon. 691. 

Occurs in minute attached Hexagonal prisms and 
massive. 

Primary form a Rhomboid. Crvst. fig. 106. 

Massive variety , structure granular. Hard. 2.0, 2.5. 

Sp.gr. 6. 115. Opaque. Lustre metallic. Colour 
tin-while. 

Found at Faeebay in Transylvania. 

б. Graphic Tellurium. A uro -argentiferous Tellurium , 

No. 24. 

Haiiy, 4.380. Phil. 327. Ilaid. 3.21. Leon. 690. 

Occurs In attached flattened crystals. 

Primary form a Right rhombic prism. Crvst. fig. 71. 

M,M' = 107° 44'. Phil. Fracture uneven. Hard. 

1.5, 2.0. Sp.gr. 5.72. Opaque. Lustre metallic. 

Colour steel-grey. 

Found only in Trans\ 1 vania. 
o. Yellow Tellurium, No. 23. 

Phil. 328. Haid. 3.171. Leon. 691. 

Occurs in imbedded crystalline laminae. Lustre 
metallic. Colour silver or yelkm ish-white. 

Found in Transylvania. 

d . Black Tellurium. Foliated Tellurium . Auro - 

plumhiferous Tellurium , No. 22. 

Haiiy, 4.381. Phil. 328. Haid. 3.16. Leon. 689. 

Occurs iu attached and aggregated crystals and in 
imbedded foliated masses. 

Primary form a Square prism. Cleaves into thin 
flexible lamina: parallel to the terminal plane. 

Hard. 1.0, 1.5, Sp.gr. 7. 085. Opaque. Lustre 
metallic. Colour dark lead-grey. 

Found in Transylvania. 

Thom somite, No. 212. 

Phil. 39. Haid. 3.162. Leon. 208. 

Occurs massive. Structure large fibrous, radiated ; 
the fibres prolonged into separate small columnar 
crystals in the cavities. 

Primary form a Right rhombic prism. M,M / =90°40' 
nearly. Cleavage parallel to the two diagonals. 

Fracture uneven. Hard. 5.0. Sp.gr. 2.37. Trans- 
parent, translucent. Lustre vitreous. Colour 
white. 

Thorite, No. 376. 

Q J. 6.296. 

Occurs massive, and much resembles the Gadolinite 
ofYtterby. Fracture uneven, very brittle, full of 
cracks. Hard, about 5.0. Sp.gr. 4.63. Opaque. 

Lustre resinous, vitreous. Colour black. Streak 
greyish-red. Powder pale brownish-red. 

Found in Syenite, on the Island of Lov-on, near 
Brevig, Norway. 

Tin. 


Oxide of Tin. 
a. Tinstone, No. 139. 

Hatty, 4.152. Phil. 250. Haul. 2.384. Leon. 3j4. 
Occurs in attached and imbedded crystals and mas- 
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Miner^lo^y Primary form a Square prism, CnYsr. ftp; 65. Cleav- 
age parallel to the lateral planes and both dia- 
gonals. Fracture uneven. Hard. 6.0, 7.0. Sp.gr. 
6.960, crystallized, 6.319, fibrous. Transparent to 
opaque. Lustre adamantine. Colour white, grey, 
black, brow n, red, yellow, of various shades. Streak 
paler. 

Massive varieties, reniform, botryoidul, (Wood tin,) 
structure fibrous; amorphous, structure crystalline, 
granular. 

Found abundantly in Cornwall, Bohemia, Saxony, 
and in the older rocks in other Countries. 

Sulphur ft. of Tin and Copper. 
a % Tin Pyrites, No. 87. 

Phil. 254. Ilaid. 3.163. Leon 624. 

Occurs in attached crystals and massive. 

Primary form not m-certained. Cleavage imperfect. 
Fracture uneven. Hard. 4.0. Sp.gr. 4.35. Opaque. 
Lustic metallic. Colour yellowish-grey. Streak 
black. 

Found in Cornwall. 

Tl TANtUM. 

Oxide o f Titanium, 

а. Anatani . Oclaedrile , No. 386. 

Hatty* 1.344. Phil. 257. Ilaid. 2.379. Leon. 359. 

Occurs in attached and imbedded octahedral crystals. 

Primal y form a Square prism. Ciivst. tig 65. M,c 
(tig. 69) r= I5S°24\ Cleavage parallel to the ter- 
minal plane, and to those of the octahedron. Frac- 
ture indistinct. Hard. 5.5 f 6.0. Sp.gr, 3.826. 
Tiunspureiit, translucent. Lustre udatiiauline. 
Colour white, brown, blue. Streak white. 

Found in Cornwall, Dauphiuy, Brazil, and a few 
other places. 

б. It. utile, No. 387. 

llaily, 4.333. Phil. 258. Ilaid. 2 376 Leon. 360. 

Occurs in attached and imbedded crystals and crys- 
talline masses. 

Primary form a Square prism. Chvst. fig. 65. M,c 
(fig. 69) = 122° 45'. Cleavage parallel to the 
lateral planes. Fracture uneven. Haul. 6.0, 6.5. 
JSp.gr. 4.249. Transparent to opaque. Lustre 
adamantine. Colour red and reddish-brown of 
several shades. SI reak pale brown. 

Found in Biazil, North America, Spain, and other 
parts of Europe, 
r. Brookiti:? No. 3S9. 

An.P. 1825. Haul. 3.82. Leon. 725. 

Occurs in attached crystals. 

Primary form a Right rhombic prism. Cryst. fig. 71. 
M.M # ~ 100°. Levy. Cleavage parallel to the 
lateral planes and short diagonal. Fracture un- 
even. Ilaid. 5.5, 6.0. Transparent to opaque. 
Lustre adamantine. Colour deep red and reddish, 
and yellowish brown. Streak yellowish- white. 

Found at Snowdon in Wales, in large crystals, in 
Dauphiuy, Swisserlaml, and a few other places. 

Silico titan intv of Lime, 
a. SplIKNK. Spin there. Semi line , No. 394. 

llutiy. 4.353. Phil. 262. Haiti. 2.373. Leon. 368. 

Occurs in attached and imbedded crystals and mas- 
sive. 

Primary form an Oblique rhombic prism. Cryst. fig. 
83. P,M = 12 1° 30'. M,M' = 133° 30'. Phil. 
Cleavage indistinct. Fracture uneven. Hard. 
5.0. 5.5. Spgr. 3.468. Transparent to opaque. 


Lustre adamantine to dull resinous. Colour grey, Mineralogy 
brown, yellow, green. Streak white. 

Found in primitive rocks in several parts of Europe 
and America. 

Topaz. Pycnile . Pyrophysalife , No. 516. 

Hatty, 2.131. Phil. 84. Ilaid. 2.308. Leon. 401. 

Occurs in attached, loose, and imbedded crystals, and 
massive. 

Primary form a Right rhombic prism. M,M' = 

124° 23'. Cleavage parallel to the terminal plane 
distinct, to the lateral planes indistinct. Fracture 
uneven. Hard. 8.0. Sp.gr. 3.5. Transparent tc 
nearly opaque. Lustre vitreous. Colour white, 
yellow of many shades, brownish-yellow, pink, blue, 
green. Streak white. 

Massive variety , (Pycnile,) structure columnar. 

Found in Brazil in loose crystals, and in primitive 
rocks in many other Countries, particularly ill 
Siberia. 

Tork elite, No. 377. 

An. n.s. 9.217. Ilaid. 3.164. Leon. 482. 784. 

Occurs in granular masses in the Andover mine, 

Sussex County, New Jersey. Colour dull ver- 
milion-red. It was at first supposed to contain 
cerium, but by a later analysis it appears to con- 
sist principally of silica, lime, and oxide of iron and 
manganese. 

TomiMALiNL. Black, Electric Schorl. Blue, Tndico - 
litc. Red to purple, Ru belli te. s Ipyrite , No 429. 

Hatty, 3.14. Phil. 139. Ilaid. 2.349. Leon. 446. 

Occurs in attached, imbedded, and aggregated 
crystals. 

Primary form a Rhomboid. Chvst. fig. 106. P,I V 
rr 133° 26'. Cleavage imperfect. Fracture un- 
even. Haul. 7.0, 7.5. Sp.gr. 3.076. Transparent 
to opaque, i. u^t re vitreous. Colour while, grey, 
brown, red, yellow, green, blue. 

Found in Siberia, Ceylon, Brazil, North America, 
and many oilier places. 

Tuiinkiiitk, No. 378. 

Phil. 382. Ilaid. 3.166. Leon. 786. 

Occurs in attached cry stills. 

Primary form an Oblique ihonihic prism. Cryst. fig. 

83. Cleavage parallel to both diagonals of the 
prism. Hard. 4.5, 5 0. Transparent, translu- 
cent. Lustre vitreous. Colour yellow, sometimes 
brownish. 

Found at Mount Sorel in Dauphiuy. 

The Pi, tile of Lamctherie is said by Gallitzin (1802) 
to be the Sphcne of Hatty. But it is described us 
pointed as a graver, and nearly equal to the gems 
in hardness, uud is probably, therefore, Axinite. 

Uranium . 

Oxide of Uranium . 

a . Pitch iilenol. U run-pitch-ore % No. 138. 

Hutiy, 4.316. Phil. 267. Haid. 2 393. Leon. 565. 

Occurs in reniform and amorphous masses. Struc- 
ture granular, compact. Fracture uneven. Hard. 

5.5. Sp.gr. 6 468. Opaque. Lustre impelled 
metallic. Colour greyish and brownish-black. 

Found in Cornwall, but chieily in Saxony and Bo- 
hemia. 

Phosphate of Uranium . 

a. Uhanite. Uran-mica % No. 504. 
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Mineralogy | Iafiy< 4 319 j> hn «j07. Haid. 2.182. Leon. 140. 

Occurs in attached crystals. 

Primary form a Square prism. Cryst. fig. 65. P,c 
(fig. 68) = 112° 10'. Cleavage parallel to the 
terminal plane very distinct. Hard. 2.0, 2.5. Sp.gr. 
3.1. Transparent, translucent. Lustre adaman- 
tine. Colour yellow, greenish-yellow, and green of 
several shades. 

Found in Cornwall, France, and some parts of Ger- 
many. 

The green variety has received the name of Chalko - 
tile, No. 505. 

Sulphate of Uranium and Copper. 

a. Johannitk, No. 563. 

E.J.S. n.b. 3.306. Leon. 115. 

Occurs in small botryoidal concretions. Hard. 2.0, 
2.5. Sp.gr. 3.191. Translucent. Lustre vitre- 
ous. Colour bright grass-green. Streak pale 
green. Soluble in water. Taste astringent, bitter. 

Found at Joachimsthul in Bohemia. 

Vargasite, No. 379. 

A pale greenish Mineral found in Finland, in amor- 
phous masses, having a small columnar structure, 
and so named after Count Vargas Bodeinar. 

No analysis or description published. 

WfiitTiirru, No. 380. 

A rolled mass found near St. Petersburg has been so 
named. Structure small, columnar. Colour pale 
yellowish- white. 

WiriiAMiTK, No. 381. 

E.J.S. 2.218. Haid. 3.170. Leon. 476. 

Occurs in small imbedded globular masses, com- 
posed of minute crystals, radiating from the centre, 
and having the form and measurements of Epi- 
dote. 1 lard. 6.0, 6.5 Sp.gr. 3. 137. Translucent. 
Lustre vitreous. Colour reel. Streak white. 

Found at Glencoe in Scotland. 

Woi.konskoit, No. 382. 

Occurs massive, amorphous, structure compact. Hard. 

2.. r >. # Sp.gr. 2.213. Opaque. Nearly dull. Co- 
lour emerald-green. Streak shining. Feels greasy. 

Found at Perm in Siberia. 

X an rum:, No. 383. 

Ts said to be yellow Jdocrasc. Found in North 
A merica. 

Xanthoi ite, No. 384. 

Found in North America. Has the appearance and 
form of Garnet. 

Xylokryphte, No. 589. 

Occurs in delicate yellow crystals in Lignite, having a 
fatty lustre. 

Yttria . 

Phosphate of Yttria. 

a. Tan kf. lite, No. 487. 

E.J.S. 327. Leon. 276. 

Occurs in aggregated crystals and massive. 

Primary form a Square prism. Cleavage parallel to 
the primary planes. Fracture uneven. Hard. 4.5, 

5.0. Sp.gr. 4.56. Opaque. Lustre resinous. 
Colour yellowish-brown. Streak pale brown. 

Found near Lindernocs in Norway. 

Silicate of Yttria and Ifon. 

a. Gadolinite. Ytterhite , No. 325, 326. 

Hnfiy, 2.440. Phil. L05. Haid. 2.371. Leon. 526. 
500. 


Occurs in imbedded crystals and massive. Mineralogy 

Primary form an Oblique rhombic prism. Cryst ti»- 
83. i\M = 96°. M,M' = 115°, nearly- No 
apparent cleavage. Fracture Hat cuncho.dal 
Hard. 6.5, 7.0. Sp.gr. 4.238. Slightly trans- 
lucent. Lustre vitreo- resinm,s. Colour greenish- 
black. Streak greenish-grey. 

Massive varieties , amorphous, structure compact. 

Found at Yttcrby, Finbo, and Broddho in Sweden, 
and in Greenland. 

Tan tat ate of Yttria , Sfc. 
a.. Yttro-tantalite, No. 399 to 401. 

Haiiy, 4,3b9. Phil. 271. Haid. 3.J73. Leon. 352. 

Occurs in imbedded imperfect crystals, and small 
amorphous masses. Cleavage in one direction. 

Fracture granular. Hard. 5.0, 5.5. Sp.gr. 5.4, 

5.8. Opaque. Lustre vitreo-re’sinous. Colour 
black, brownish-black, yellowish-brown. 

Found at Ytlerby in Sweden. 

Tantalate of Yttria and Cerium, 
a. Fergusonite, No. 398. 

Haid. 3.9S. Leon. 73S. 

Occurs in imbedded crystals in quart/. 

Primary form a Square prism. Cryst. fig. 65. 

Cleavage uncertain. Fracture cniichoiflul. Hard. 

5.5, 6.0. Sp.gr. 5.S38. Opaque. Lustre resino- 
mctallic. Colour brownish-black. Streak pale 
brown. 

Found near Cape Farewell in Greenland. 

Titaniate of Yttria, Zircon, and Lime, 
a. Polym ignite, No. 396. 

E.J.S. 3.329. 

Occurs in imbedded crystals. 

Primary form a Right rhombic prism. Cryst. fig. 

71. M,M' 1 10° 30' nearly. Fracture con- 
clmidul. Hard. 6.5. Sp.gr. 4.8. Opaque. Lustre 
imperfect metallic. Colour black. Streak dark 
brown. 

Found at Frederiksvftrn in Norway. 


Zeagonite. Abrazite. Gismandiru'. Phillip site. 

No. 219. 

Phil. II. Haid. 3.171. Leon. 198. 

Occurs in attached crystals, and globular crystalline 
masses with a fibrous structure. 

Primary form unknown, probably a Right rhombic 
prism, the apparently Square prisms being twin 
crystals. Fracture eonchoidal. Hard. 7.0, 7,5. 
Transparent to opaque. Lustre vitreous. Colour 
white, sometimes greyish or reddish. Streak 
white. 

Found at Vesuvius, ami frequently in trap rocks. 
Small crystals of zircon of a pale blue colour have 
come to this Country ticketed Zengonite, and have 
led to an incorrect description of the crystalline 
form of that Mineral. 


Zinc . 

A turn inate of Zinc. 

Automamte. Gn finite. No. 150. 

Hnfiy, 2.170. Phil. 83. Haid. 2 298. Leon. 514. 
Occurs in imbedded octahedral crystals, and granular 
masses. 

Primary form a Cube. Cryst. fig. 56. Cleavage 
parallel to tb6 planes of the. octahedron, distinct. 
Fracture conchoulal. Hard. 8.0. Sji.gr. 1.232. 
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miner alogy Slightly translucent. Lustre vitreous. Colour 
dull green. Streak white. 

Found at Fnliluu and Broddho in Sweden, imbedded 
in slaty talc. 

Carbonate, of Zinc . 

Calami nr, No. 454. 

Hi. fly, 4.181. Phil. 355. fluid. 3.111. Leon. 158. 

Occurs crystallized and massive. 

Primury form a Rhomboid, Crvst. fig. 106. P,P' 
= 107° 40'. Wollaston. Cleavage parallel to the 
primary planes. Fracture uneven. Hard. 5.0. 
Sp.gr. 4.44. Translucent, opaque. Lustre vi- 
treous. Colour white, grey, brown, green. Streak 
white. 

Massive rarirtits , re ni form, botryoidal, stalactitic, 
structure fibrous. Amorphous, structure granular, 
compact. Noth varieties are sometimes found in 
an cat thy state. 

Found in England, France, and other places in Eu- 
rope, ami in America. 

Red Oxide of Zinc, 
a. Spamtai.ite, No. 124. 

Hiiiiy, 4.17'). Phil. 353. Haiti. 2.380. Leon. 563. 

Occur* in imbedded small nodules and massive. 
Cleavage parallel to all the planes of a regular 
hexagonal prism. Fracture uneven. Hard. 4 0, 
4.5. Sp.gr. 5.43. Translucent. Lustre adaman- 
tine. Colour red. Streak orange-yellow. 

Massive vanities , amorphous, struct me crystalline, 
granular. 

Found in New Jersey, North America. 

Jiistlrni tire/ of Zinc and Proto sulpha ret of 
Mercury. Del Rio. 
a. UioiiiTK, No. 55. 

<).J. 4.23*2. P.M. and An. 4.1 13. 

Occurs massive, structure granular. Sp.gr. 5.56. 
Lustre metallic. Colour light grey. 

Found at Culebras in Mexico. 

Biseleniuret of Zinc and Bisulphuret of Mer- 
cury. Del Rio. 

Culetjuite, No. 56. 

P.M. ami An. 4.114. 

Occurs massive. Fracture earthy. Sp.gr, 5,66. Dull. 
Colour dull red. 

Found at Culebras in Mexico. 

Silicate of Zinc. 

a. Smitiisoniti:. Klectric Calcimine , No. 168. 

Ilauy, 4.175. Phil. 254. Iluid. 24OS. Leon. 216. 

Occurs in attached, and globular, and botryoidal ag- 
gregations of crystals. 

Primary form a flight rhombic prism. Cuyst. fig. 
71. M,M' = 102° 35'. Cleavage parallel to the 
lateral planes. Fracture uneven. Hard. 5.0. 
Sp gr. 3.38. Transparent, translucent. Lustre 
vitreous. Colour white, brown, yellow, greenish, 
and bluish. Streak white. 

Found at Matlock 111 Derbyshire, in other parts of 
England, and in many other parts of Europe. 

Sulphate of Zinc, 
a. Listkiute, No. 539. 

Ilaiiy, 4.198. Phil. 356. Haid. 2.46. Leon. 110. 

Occurs crystallized and massive. 

Primary form a Right rhombic prism. Cryst. 
fig. 71. M,M' = 91° 7'. Fracture couchoidal. 
ifard. 2.0, 2.5. Sp gr. 2.036. Transparent, trans- 
lucent. Lustre vitreous. Colour white, occasion- 
ally reddish or bluish. Streak white. 


Massive varieties, botryoidal, reniform, stalactitic ; Mineralogy 
structure fibrou*. Amorphous, structure granular, 
compact. Sometimes coating other substances. 

Found in most mines that contain the sulphuret, 
from the decomposition of which this species 
appears to be produced. 

Sulphuret of Zinc . 


Blende, No. 71. 

Daily, 4.186. Phil. 351. Haid. 3.32. Leon. 622. 
Occurs in attached crystals and massive. 

Primary form a Cube. Cryst. fig. 56. Cleavage 
parallel to the planes of the rhombic dodecahedron. 
Fracture couchoidal. Hard. 3.5, 4.0. Sp.gr. 4.07. 
Transparent to opaque. Lustre adamantine. Co 
lour white, (New Jersey, North America,) black, 
brown, red, yellow, green. Streak paler. 

Massive varieties , globular, botryoidal, reniform, sta- 
lactitic; structure fibrous. Amorphous, structure 
crystalline, granular, compact. A fibrous variety 
contains cadmium. 

Found in many parts of Europe and America. 

Zinc and an Acid not yet ascertained . 

a. H ophite, No. 571. 

Haid. 3.109. Leon. 746. 

Occurs in attached crystals. 

Primary form a Bight rhombic prism. Cryst. fig. 
71. M,M' = 101° 24'. Cleavage parallel to the 
great diagonal, distinct. Fracture uneven. Hard. 
2.5, 3 0 Sp.gr. 2.76. Transparent, translucent. 
Lustre vitreous. Colour greyish-white. Streak 
white. 

Found at Altenberg near Aix la Chapelle. 

b. Tephroite? No. 570. 

Leon. 782. 

Occurs amorphous. Fracture uneven. Hard. 5,5. 
Sp.gr. 4.10. Lustre adamantine. Colour ash- 
grey, becoming black externally. 

Found with Frankliuite, &c. in New Jersey, North 
America. 


Zirconia. 

Silicate of Zirconia . 

Zircon. Hyacinth . Jaigoon , No. 180. 

Ilaiiy, 2.291. Phil. 99. Haid. 2.368. Leon. 367. 
Occurs in attached, imbedded, and loose crystals. 
Primary form a Square prism. Cryst. fig. 65. 
M,c (fig. 6s) = 132° 12'. Phil. Cleavage parallel 
to the lateral planes, indistinct. Fracture cou- 
choidal. Hard. 7.5. Sp.gr. 4.5. Transparent to 
opaque. Lustre nearly adamantine. Colour grey, 
brown, red, yellow, pale green. Streak white. 
Found in many parts of the World. 

T Hamate, of Zirconia , Cerium , fyc. 
/Eschyniti, No. 397. 

E.J.S. n.s. 3.28. P.M. and An. 10.188. ' 

Occurs in imbedded columnar crystals in mica and 
felspar. 

Primary fin m a Right rhombic prism. Cryst. fig. 
71. M,M' = 127°. Cleavage not apparent. 
Fracture uneven. Hard. 6.0, 7.0. Sp.gr. 5.14. 
Opaque. Lustre imperfect, metallic. Colour 
black. Streak greyish-black. 

Found at Minsk in Siberia. 

Zoizite, No. 290. 

Haid. 2.262. Leon. 476. 
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Mineralogy. Occurs in imbedded and aggregated columnar 
crystals. 

Primary form an Oblique rhombic prism. P,M (un- 
known.) M,M' = 116° 30'. Fracture uneven. 
Translucent. Lustre vitreous. Colour white, grey, 
brown, green of several shades. 

Found in Carinthia, the Tyrol, Siberia, and other 
places. 


Zurlite, No. 305. Mineralogy. 

Monticelli, Prodromo de la Mineralogin Vcsuviami, 
p. 392. Leon. 787. 

Occurs crystallized and massive. 

Primary form a Cube or Square prism. Fracture un- 
even. Hard. 4.0, 4.5. Sp.gr. 2.274. Colour 
asparagus-green. 

Found at Vesuvius. 


INDEX. 


Tiif, names of those species which are placed in their 
alphabetical order in the preceding List are also re- 
peated in this Index for the purpose of giving the entire 
series of species alphabetically. Those which arc che- 
mically arranged in the List will be found here, accom- 
panied by references to the chemical groups in which 
they stand in the List. 

Many synonymes, now nearly obsolete, are omitled in 
this Index, and it is much to be wished that the Mine- 
ralogists of different Countries could agree upon some 
single nomenclature, which might render a future repe- 
tition of any synonymes altogether unnecessary. 

A. 

Ahrazitc. Zcagonite. 

A chitlin*. 

Actinolite. Amphihole. 

Adamantine Spur. Corundum, 

Aduhiriu. Felspar. 

Aequimdito. Splucrulite. 

Aerolite. Native Iron. 

Aerosite. Antimonial Sulphured of Silver. 

-Eschynite. Titmiiate of Zirconia, &e. 

Ag&lmutolite. Hydrous Silicate of Alumina, h, 

Agaphite. Calaite. 

Agaric Mineral. Kartliy Carbonate of Lime. 

Agate. Calcedony. 

Agnesite. Curhoimtc of Bismuth. 

Akaiiticouc. Epidotc. 

Alabaster. Compact Sulphute of Lime. 

Alalite. Pyroxene. 

Albiu. Apopbyllite. 

A 1 bite. Cleavelandite. 

A1 1 ugit e. M anganese ? 

Ailanite. Silicate of Cerium and Iron, 

Allochroite. Carnet. 

AUophuuc. Hydrous Silicate of Alumina, b . 

Ahnandmc. Garnet. 

Alum. Sulphate of Alumina and Potash, a. 

Alumina. FI mite. 

Hydrate. 

Me Hate. 

Nutive. 

Phosphate. 

Silicate. 

Hydrous Silicate. 

Sulphate. 

Alum Stone. Sulphate of Alumina and Potasb f b 
Amalgam. Native Mercury, b. 

Am issoti Stone. Green Felspar. 

Amber. Carbon, F. 

Ambl) gonite. 

Amethyst. Purple Quartz. 

VOL. VI. 


Amianthinife. Ampliihole. 

Aminnthuide. Amphihole. 

Amianthus. Amplubolc. 

Amiutite. Fiorite. 

Ammonia. Muriate. 

Sulphate. 

A m pel it e, 

Amphihole. 

Amphigene. Leucite. 

Amphodclite. Lutrobite. 

Analciine. 

Anatase. Oxide of Titanium, a. 

Andulusitu. Silicate of Alumina, r. 

Audreolite. Tlurniotome. 

Anglicife. Sulphate of Lead. 

Anhydrite. Anhydrous Sulphate of Lime. 

Aukcrile. Cuibonutn of Lime and lion. 

Amirthite. 

Anthophyllite. 

Anthracite. Coal, a. 

Anthracouite. Columnar Carbonate of Lime, 
Antimonial Silver. Sti biuret of Silver. 

Antimony, Arsenical. 

Native. 

White. 

Sulphured. 

Grey. 

Black. 

Red. 

Aiitrimotite. A supposed new Mineral from Ireland. 
Apatite. PhoNphuto of Lime. 

Aphrite. Pearly CarUinato of Lime. 

Aphrizito. Tourmaline. 

Aplome. 

Apopln Hite 

Apyrite. Red Tourmaline. 

Aquamarine. Kmerutd. 

Aieudnlite. Epidotc. 

Arfwedsonite. 

Arkticite. Surpolite. 

Arragonite. Hard Carbonate of Lime. 

Arsenic, Native. 

( )xido. 

Sulphuret. 

Asbestus. Amphihole. 

Aschblei. Native Bismuth. 

Asparagus Stone. Phosphate of Lime 
Asphaltum. Bitumen,/’. 

Astoria. Corundum. 

Atacamite. Chloride of Copper. 

Augite. Pyroxene. 

Augusiite. Phosphate of Lime. 

Auralite. 

Automulite. Alumfnute of Zinc. 

Avantuiine « Quartz. 

Axe-stone. Jade. 

Axinite. 

3 z 
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Mineralogy. Axotoinous Arsenical Pyrites. Huttenbergite. 
Axotomoua Iron. Tituiuaio of Iron, e. 

Azat niche, Coal, Jet. 

A/unte. 


B. 

Bahingtonite. 
linkable. Py roxene. 

H.ildogct. (been Earth. 
li.n badoes Tar. Petroleum. 

Baidiglionc. Anhydrous Sulphate of Lime. 

Barolite. Carbonate of Barytes. 

B.iro-a-leaiitc. Sulphate ot Barytes. 

Hairuelite. Carbonate of Soda and Lime, o, 

Barystrontiamto 
Barytes, C.11 Inmate. 

Sulpliate 

Harytoeulcite. Cuibonate of Barytes ui«l Lime. 

Baiy tw-thmnte. Sulphate of ltaiyte.i and Finale of Lime, 
li.isamte. Sihei, A. 

Bastn.ute. Seleiuun t of Bismuth and Tallin ium. 

Ban me lib*. Cldoiide oi Meicmy. 

Bcamne de Mosnu*. Asphalt um. 

Brclvib*, a Mmeial not described, said to he S.lieate of Alumina. 
Betlstem. Jade. 

Bell-metal On*. Sulphnrot of Tin uud Copper. 

Be. gmanmte. 

Brrgiilelil. 

BiTiilutdite. Sulphate of Potash. 

Berns'ein, Amher. 

Beitlnente. Sulphuret of Antimony and Iron. 

Beiyl. Kmerald. 

Herzehte. Chloride of Tamil, r. 

Beiulautito. Oxide of Iron and Lead. 

Bildstfin. Agalumluhte. 

Bimstem. Puimee. 

Biot i ne. 

Bismuth, Arseniuret. 

Cai Inmate. 

Native. 

Oxide. 

Selenimct. 

Sulphuret. 

Sulpho-telluret. 

Bismuth •hlende. Sihcimis Carbonate of Bismuth. 

Bismuth glance. Sulphuret of Bismuth. 

Bisniuthic Silver. Sulphuret of Silver, Leud, and Bismuth. 
Bittervpar. Cat lion ate of Lime and Magnesia. 

Bitumen. Carlton, C. 

Bl.ick Chalk. Ampelite. 

Black Copper. Oxide of Manganese, Iron, and Copper. 

Black Lead. Carburet of Iron. 

Blatlcrcvz. Tellurium. 

Bleimere. Arsenate of Lead. 

Bieisi'lninmer. Sulphuret of Lead and Antimony. 

BU ischweif. Compact Sulphuret of Lead. 

Blende. Sulphuret of Zinc. 

Blit/vntcr. Qmittz. Sand-tubes. 

Blocdite. Sul])hute of Magnesia and Soda. 

4 Bloodstone, Quaitz. Calcedouy. 

Bole. Hydrous Silicate of Alumina, k. 

Bolide Native Meteoric Iron. 

Bo'oguian Spar. Sulphate of Barytes. 

Boracu* Acid, 

Boracite. Borate of Mugnesin. 

Borax. Borate of Soda. 

Boiech. Carbonate of Soda. 

Bornite. Sulpho-telluret of Bismuth. 

Botryogene. Rod Sulphate of Iron. 

Botryohte. Borosilicatu of Lime, c. 

Boumonite. Sulphuret of Lead, Antimony, and Copper. 
Bovehte. 

Buvey Coal. Carbon. 

Braaidite. Red Silver, a. 

Braunite. Oxide of Manganese, f, 

Breislakite. 

Breu nuer fte. Carbonate of Magnesia and Iron. 

Brewsterito. 

Buttle Silver, Polybasitc. 

Brochiuititc. Sulphate of Copper, A. 

Hrongniartin. Glauberite. 

Bum/ite. V. 


Brookite. ')xido of Titanium, c. ? 

Brown Iron Ore. Hydrate of Iron. 

Brownspar. Carbonate of Iron. 

Brucite. Condrodife. 

Brunon. Silicen-calcareous Oxide of Titanium* 
Buchnlzite. Silicate of Alumina, c* 
Bucklaiidite. 

Buntkiipfererz. Purple Copper 
Bustjmite. Pyroxene? 

Bysholite. Amphibole. 

o. 


CacholiMig. Hydrous Quartz. 

Cadmium. 

Culuitc. Hydrate of Alumina, r. 

Calamine. Carbonate of Zinc. 

Calamine, Kiectuc. Silicate of Zinc. 

C.dauiite. Amphibole. 

Calcedouy. Silica, A. 

C \ilcile. Crystallized Carbonate of Linie. 

Calcdoiuto. Cupieous Sulpbato-tri-carbonate of Lead 
C. indite. Black Spinelle. 

Cautahte. \ cllowish-green Quartz. 

Carbonic Acid. 

Carbuncle. Gurnet. 

Can nth in. Amphibole. 

C.inuthite. Molybdate of Lead. 

Carnehan. Silica, b. 

Carpho&iderile. Phonphatu of Iron, A. 

Catseye. Quuitz containing Asbestus. 

Cuvoiinite. 

Cawk. Sulphate of Barytes. 

(.Iciest i ne. Sulphate of Struntia. 

(Vrauniaii Suiter. Quartz, Sand-tubes. 

Commute. Jade, Nephrite. 

Cercohte. 

Cerine. Silicate of Cerium and Iron, b. 

('elite. Silicate of Cerium und Iron, a. 

Cerium. Carbonate, 

Fluate. 

Silicate. 

Chabasie. 

Chalcolite. Phosphate of Uranium and Copper. 
Clmlcohideritc. Fibrous gn-en Iron Eaith. 

Chalk. Kaithy Carbonate of Lime. 

Chamoisite. Oxiduloiis Iron. 

Chehiisloidite. Scapolite. 

Clunstolite. 

Childrenite. 

Chlorite. Talc. 

Chloromelan. Cronstedtite. 

Cliloropul. Silicate of Iron, c. 

Chlorophiritv. 

Cliloropliuuc. Fluate of Lime. 

Christianite. Anorthite. 

Chrome. Oxide. 

Chryuohertl. 

Oiryxocolla. Silicate of Copper, b. 

Chrysolite. Peridot. 

C hi y soprano. Silica, A. 

Chusite. De composing granular Peridot. 

Cimohte. Hydrous Silicate of Alumina, g. 
Cinnabar. Sulphuret of Mercury. 

Cinnamon-stone. Garnet. 

Clay Hydrous Silicate of Alumina, 7. 

Cl ay slate, i day 
Clay stone (Hay. 

Cleavelandite. 

Coul. Carbon, B. 

Cohalt, Anumiate. 

White. 

Grey. 

Earthy. 

Sulphate. 

Sulphuret. 

Coccolite. Granular Pyroxene. 

Cockle. Tourmaline. 

Colophumte. Garnet. 

Col uni bite. Tantalite. 

Comptonite. 

Condrodite. 

Condurrite. Arseniate of Copper* 


Mineralogy. 
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Mineralogy, ^onfctto di Tivoli. CalctufE 
> . Copal, Fossil. Bitumen. 

Copper, Arsoniatt*. 

Arseniuret. 

Carbonate. 

Chloride. 

Native. 

Oxide. 

Phosphate. 

Seleiuuret. 

Silicate. 

Sul pi lute. 

Sulphiiret. 

Copjjer Nickel. Arseniuret of Nickel 
Corallcnerz. Hepatic Sulphuret of Mercury. 
Corundum. Native Alumina, <7. 

Cotlonerz. AVlnte Tellurium. 

Couzeranite. Felspar. 

Crichtouite. Tituniate of Iron,/. 

Crispite. Titanium, Rutile. 

Cruculite. Globular radiated red Natrolite P 
Cronstedtite. Silicate of Irou, a. 

Crucite. Chittstolite. 

Crjolite. 

Cubicite. Analcime. 

Culcbrite. Biiclcnimet of Zinc. Ike, 
Cumiumgtonite. Amphibole. 

Cyanite. Kyan te. 

Cymophune. ( hrysobei il 
Cypriue. Blue Idocrase 


D 


Dapeche. Bitumen. 

Datholite. Borosilicate of Lime, a 
Dnunte. Red Tourmaline. 

Davitc. Sulphate of Alumina, b. 

I) av\ ne. 

Delphinitc. Kpidote. 

Deodalite. Pitchstone. 

J) esmine. 

Devouhe. Phosphate of Alumina 
Diulogite. Carbonate of Manganese. 

Diamond. Carbon, A. 

Diaspore. Hydrate of Alumina, a. 

Dichroitc. 

Dinpside. Pyroxene- 
Dioptase. Silicate of Copper, a. 

Di iloite. Latrobite. 

Dipyie. 

Disluite. 

Disthene. Kyanite. 

Dolomite. Granular Magnesian Carbonate of Lime. 
Dr.igoiute. Crystallized Quurtz. 

D^skolite. Saussurite. 

D)NodiIc. Coal, d. 

E. 

Edingtonite. 

Egerauc. Idocrase. 

Egyptian Pebble. Quartz, Jasper. 

Kisi iikiesel. Ferruginous Quaitz. 

Kkebergite. Scapulito. 

Klacolite. 

Klateritc. Bitumen, c. 

Elect rum. Gold, b . 

Emerald. 

Emery. Granular Corundum. 

Emlellione. Sulphuret of Lead, Antimony, and Copper. 
Epidote. 

Epistilbite. 

Epsomito. Sulphate of Magnesia. 

Eicinite. Ilarmotome. 

Krinitc. Arseniuto of Copper. 

Krlani'.e. 

Esmarkite. Silicious Borate of Lime. 

Kssouito. Garnet. 

Kuchroite. Arse mate of Copper. 

Euchysiderite. Achmitc. 

Eurlase. 

Eudyulite. 

Eiikairite. Seleniuret of Silver and Copper. 


R 

Fahlunite. 

Fahlore. Sulphuret of Copper, Iron, &c., A. 

Fussaite Pyroxene. 

Felspar. 

Felstein. Compact Felspar. 

Feigusonite. Tantulute of Yttria and Cerium. 
Fetstein. Kluulite. 

Fihrolite. Silicate of Alumina, d. 

Figure-stone. Agalmatolite. 

Fiorite. Hydrous Quartz. 

Fish-eye-stone. Apophyllite 
Flint. Silica, b. 

Flockenerz. Arseuiatc of Lead. 

Flos-ierri. Coralloidal Arragonite. 

Fh iell ite. Alumina, a, 

Flukan. (‘lay. 

Fluor Spar. Fluate of Lime. 

Foratente. 

Fossil Copal. Carbon, E. 

Fowlerite. Bisilicate of Manganese. 

Frank 1 mite. Oxide of Iron, Zinc, and Manganese. 

Frugardite. Reddish Idocrase, containing Magnesia. 

Fulgiiiite. Saud-tulies, Quartz 

Fuller's E.irth. Hydrous Silicate jf Alumina,/. 

F'iscite. 

C ji. 

Gahbrnnite. 

Gado’inite. Silicate of Yttiia and Iron. 

Galmite. Aluiuiiiute of Zinc. 

Galena. Sulphuret of Lead. 

Gulli/enstcin. Sulphate of Zinc. 

GftUizinit. Oxide of Titanium. 

Gai net. 

Gay Lussite. Carbonate of Soda and Lime, a, 

Gean trace. Coal. 

(•ehlenite. 

Geysente. Hydrous (Quartz. 

Gihhsite. H}drate of Alumina, b. 

Gieseckite. 

Giohertite. Carbonate of Magnesia. 

Girasol. Quartz, Opal. 

Gisinondin. Zeagouite. 

Glance Copper. Sulphuret of (h)pper. 

Glauber Salt. Sulphate of Soda, 
ftlauberite. Sulphate of Soda and Lime. 

Glaucolite. 

Gmelimte. 

Guethite. Oxide of Iron, b. 

Gold. 

(ioilambte. Arsoniatt* of Lead. 

Grairiniatite. Amphibole. 

Gramimte. Silicate of Lin.e. 

Graphic Ore. Tellminm. 

Graphite. Caibmet of Iron. 

Green Earth. 

Green Iron Earth. Silicate of lion, / 

Greenlaudite. Garnet. 

Greghiitc. Fernfeums Oxide of Titanium. 

G renal ite. Stuiirolite. 

Grossularia. Garnet. 

Grunerite. Sulphate of Strontian and Bar} ten. 
(iiimmistein Quaitz, Hyalite. 

Gurhofian. Compact Magnesian Carbonate of Limeu 
Gypsum. Sulphate of Litne. 


li. 

Iluidingerite. Arseniale of Lime, b, 

HaUite. Websterite. 

Hullotricum. Sulphate of Magnesiu. 

Ilalloysite. Hydrous Silicate of Alumimi, <t. 
Harmotome. 

Harrington ite. 

liartmannite. Sulphuret of Antimony and Nickel. 
Hatchet inc. Carbon, G. 

Huusmannite. Oxide of Manganese, e. 
llaiiyne. 

Hayden ite. Heidundifc. 

Haytorite. Quartz. 

Iledenliergite. 


Mineralogy* 
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Mineralogy. Heliotrope. Silica, h 
- i — J llelviu. 

Hematite, Brown. Hydrous Oxide of Iron. 

Red. Oxide of Iron, c. 
llenkelite. Sulphuret of Silver. 

Hepatite. Barytes. 

Ilerdcrite. 

Hen oral ite. Iodide of Sdvcr. 

Herschrllite. 

Hetepoxite. Phosphate of Manganese and Iron> b . 
II eul. unlit e. 

Highgate Resin. Carbon, K. 
llisingorite. 

Hogauite. Nutrolite. 

Honey-stone. Mellite, 
llopcite. Zine Y n. 

Hornblende. Ainphihole. 

Horn Sdver. Chloride of Silver. 

JIcnistone, Fusible, Compact Ftdspar. 

Infusible. Quartz. 

Humholdtilite. Someri illite. 

Huinholdtine. Oxalate of Iron. 

Ilnuibuldtite. Buro-silicute of Lime, b 
JIuinite. 

1 1 nra u 1 1 to. Pho.sphato of Manganese and Iron, <?, 
Ilntfenbergife. Sulphuret of iron and Arsenic. 
Hyacinth. Zircon. 

Hyalite. Hydrous Quart*. 

Hyulosidt-rite. Peridot. 

Hydrogen (las. 

Hydrargillitu. Phosphate of Alumine. 
Hydrophune. Ilydropliane Quartz. 

Ilydrolite. Ginehnite. 
llydropite. Silicate of Manganese. 

Hydro-silicite. Quartz. Appendix. 

Hypersthene. 


Jet. Wood Coal. 

Johann itc. Sulphate of Uranium and Copper. 
Johnitc. Caiutte. 

Johnstoniic. Vunadiatc of Lead. 


K. 

Kakoxene. 

Kali. Potash. 

Kaolin. Hydrous Silicate of Alumina, p 
Karal e. Amber. 

Karpholite. 

Karphosiderite. Phosphate of Iron. 

Karstenite. Anhydrous Sulphate of Lime. 

Karst in. Schiller Spar. 

Keflekil. Carbonate of Magnesia. 

Kcruphyllitc. Ampliibole. 

Keratite. Quartz, Hornstone. 

Kerutophyllite. Amphibole. 

Kerolite. 

Kerstenite. Cobalt, Bismuth, and Arsenic. 

Kil. Silicious Carbonate of Magnesia ? 
Killenite. 

Killkeff. Silicious (Carbonate of Magnesia? 
Klaprothite. Azurite. 

Kohellite. Sulphuret of Manganese. 

Kohlerite. Carbonate of Manganese. 

Kollyrite. Hydrous Silicate of Alumina, n, 
Knnigine. Sulphate of Copper, o. 

Konilite. Quartz. 

Konite. See Couito. 

Koreite. Agalmatolite. 

Koupholite. Prehnite. 

Kupferimlig. Sulphuret of Copper and Iron. b. 
Kupferschuum. Carbonate of Copper and Zinc. 
Kyunitu. Silicato of Alumina, <i. 


I. 

Iberite. 

Ice-spar. Anorthite. 

Icthyophtlialinite. Apophyllite 
Ido r rase. 

Igicla. Jade, 
lgloite. Arragonite. 

Illudi-rite. Kpidote. 
llmenite. 
llvaite. Ycnite. 
lndianite. 

iudicolitu. Blue Tourmaline, 
luohte. Statactitic Carbonate of Lime* 
lohtc. Dichroite, 

Indium. 

Iron, Aluminiite? 

Arseniate. 

Carbonate. 

Carburet. 

Chromate. 

Native. 

Native Steel. 

Oxalate. 

Qxydulous. 

Oxide. 

Hydrate. 

Phosphate. 

Schcelutu. 

S ilicate. 

Sulphate. 

Sulphuret. 

Tituniute. 

Iron Pitch Ore. Iron Sinter. Pittizite ? 
Iron Sand. Titan 1 ate of Iron, a . 
lserinc. Titaniate of Iron, b • 

Isopyre. 

Ittnerite. 

j. 


Jade. 

Jamcsonite. Sulphuret of Antimony, Lead, and Iron. 
jArgoon. Zircon. 

Jasper Silica, 6. 

Jcffersomte. Pyroxene- 


L. 

Labrador Hornblende. Ilypcrsthene. 

Lubradorite. 

Lanarkite. Sulphnio c Alternate of Lead. 

Lapis Lazuli. Lazulite. 

Lanlite. Agalmatolite. 

LaKionite. Wavellite. 

Lutialite. Iluuyne. 

Ioitrobite. 

Laumonitc 

Lava. 

Laxinunnite. Chloride of Silver. 

Laruhte. 

Lead, Aluminato 
Arseniate. 

Carbonate. 

Chloride. 

Chromate. 

Molybdate. 

Native. 

Oxide. 

Phosphate. 

Sclieelate 

Scleniuret. 

Sulphate. 

Sulphato-carbonate. 

Sulphuret. 

Vatiadiate. ^ 

Leelitc. 

Lemanite Compact Felspar. 

Lemnian Earth. Hydrous Silicate of Alumina, m. 
Lenzinite. Hydrous Silicate of Alumina, c. 
Lepidolite. Mica, r. 

Lepidokrokite. Hydrous Oxide of Iron. 

Luucite. 

Leucolite. Dipyre. 

Libethenite. Phosphate of Copper. 

Lievrite. Jenitc. 

Ligurite. 

Lignite. Coal, c. 

Li Halite. Lepidolite, 

Limhilite. 

Lime, Arseniate. 

Boro-silicata. 


Mineralogy 
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Mineralogy. Lime, Carbonate, 
v * Arragumte. 

Fluute. 

Native. 

Phosphate. 

Scheclate* 

Silicate. 

Sulphate. 

Titanmte. 

Liinonite. Oxide o Iron. 

Linurite. Cupreous Sulphate of Lead. 
Linsenerz. Arsoniate of Copper. 

Lipalite. Quartz, Flint. 

Li&terite. Sulphate of Zinc. 

Litheospure. Radiated Sulphate of Barytes. 
Lithomurgu. Hydrous Silicate of AUunma, r. 
Liver Ore. Sulphuret of Mercury. 

Lohoite. Idocrase. 

Lodalite. Compact Felspar. 

Lotalite. Amphibole. 

Lumachella. Shelly Carbonate of Lime. 

Lydi un-stone. Quartz. 

Lythrodes. Klaolitc. 


M. 

Made. Chiastolite. 

Muclelanite. Sillimanite. 

Muclureite. Condrodite. 

Madreporite. Columnar Carbonate of Lime. 
Mugncsiu. Borate. 

Carbonate. 

Hydrate. 

Phosphate. 

Silicate. 

Magnetic Iron. Oxidulous Iron. 

Magnesite. Carbonate of Magnesia. 

Malachite. Curbonatc of Copper. 

Malacolitc. Pyroxene. 

Maltha. Bitumen, d. 

Manganese. Arscniuret ? 

Carbonate. 

Oxide. 

Phosphate. 

Silicate. 

Sulpliuret. 

Mangmiite. Oxide of Manganese, a. 

Marble. Compact Carbonate of Litne. 

Marccanite. Obsidian. 

Margante. Mica, d. 

MurkaMite Arsenical Sulphuret of Iron. 

Marl. Aluminous Lime. 

Mannolite. Silicuto of Magnesia, a. 

Mascugnin. Sulphate of Ammonia. 

Massicot. Yellow Oxido of Lead. 

Mauiiteitc. Phosphate of Alumina and Ammonia* 
Meerschaum. Silicuto of Mugucsiit, d. 

Me ionite. 

Melanite. Black Garnet. 

Mela n ter iu. Sulphate of Iron. 

Mellilitc. 

Mcllite. Mediate of Alumina, a. 

Menochanite. Tituuiute of Iron, c, 

Mengite. 

Memlite. Hydrous Quartz. 

Mercury. Chloride. 

Native. 

Sulphuret. 

Mesitine Spar. Carbonate of Lime and Iron P 
Mesolu. Chabusic. 

Mesohte. 

Mesotype. 

Meteorite. Native Iron. 

Miargyrite. Red Silver, b. 

Mica. 

Micaceous Iron. Oligiste Iron. 

Micaphyllite. Andalusite. 

Micarelle. Pinite or Scapolite. 

Miemitc. Magnesian Carbonate of Lime* 

Mineral Adipocire. llatehetine. 

Minium. Red Oxide of Lead. 

Mispickel . Sulpho-arseniuret of I ron. 

Misy. Persulphate of Iron, 


Mocha Stone. Quartz, Dendritic Agate. 

Mohsite. Titaniate of Iron, y. 

Molarite. Quartz, Buhrstone. 

Molybdan Silver. Sulpho-tflbiret of Silver and Bismuth. 
Molylnlenitu. Sulphuret ol* Molybdenum. 

Molybdenum. Oxide. 

Sulphuret. 

Monacitc. Mengite. 

Monticellite. 

Moon-stone. Felspar. 

Mornite. 

Moroxite. Phosphate of Lime. 

Mountain Cork. j 

Leather. > Asbestos. 

Wood. J 

Mountain Meal. Bergmehl. 

Mountain Soap, li , (Irons Silicate of Alumina, L. 
Mountain Tallow, ilutchetine. 

Muller’s Glass*. Quartz, Hyalite. 

Muudie. Iron Pyrites. 

Murchisouitc. 

Muriucite. Anhydrous Sulphate of Lime. 

Muriate of Silver. Chloride of Silver. 

Muriatic Acid. 

Muricalcitu. Magnesian Cuibonate of Lime. 

Murindo. Bitumen, c. 

Murio-corbonate of Lead. Chloride of Lead, b. 

Musbite. Pyroxene. 

Myrscn. Siliciuus Hydrate of Magnesia. 
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Naphtha. Bitumen, a. 

Naphthaline. Carbon, II. 

Nupoleumte. Glolndur Felspar. 

Natrolite. Mesotype. 

Natron. Soda. 

Necronite. Felspar? 

Needle-ore. Sulphuret of Bismuth, Lead, and (’upper. 
Needle-stone. Mesohte. 

Neopet re. Quartz, llorustone. 

Nepheline. 

Nephrite. Jade. 

Nickel. Arscniate. 

Arseniuret. 

Oxide. 

Sulphuret. 

Nigrine. Titaniate of Iron, d. 

Nitre. Nitrate of Potash. 

Nontronite. Silicate uf Iron, d. 

Nosin. Spinellanc. 

N uttallite. 


o. 


Obsidian. 

Ochre. Oxide of Iron. 

Ochroite. Oxide of Ceiium. 

Octahedrite. Oxide of Titanium, <r. 

Oderit, probably Black Mica. 

Oisanite. Oxide of Titanium 
Okenite. Silicate of Lime, 6. 

Oklhamite. Siliciferuus Sulphate of Alumina, a. 

Oligiste Iron. Oxide of Iron, a. 

Olivenite. Aweniafe of (’upper. 

Olivine. Peridot. 

Onegite. Titanium ? 

Onyx. Chalcedony. 

Oolite. Globular Carbonate of Lime, b. 

Opal. Hydrous Quaitz. 

Ophite. Serpentine. 

Orpiment. Yellow Sulphuret of Arsenic. 

Orthitc. Silicate of Cerium, Iron, Alumina, and Lime, a. 

Orthose. Felspar 

Osmelite. 

Osmium. 

Osteocolla, incrustingCaibonate ol Lime. 

Ostranite. Zircon ? 

Otrelite. Schiller Spar? 

Oxahoerite. Apojihyllite. 

Oxalite. Oxalate of Iron. 
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Pagodite. Agulmatolite, 

Palladium. 

Pamplomtc. Molybdate, &c. of Lead. 

Puniuthiue. Sc.ipohte. 

Pargaxite. Ain])hibule. 

Paulite. II) pcrsthenc. 

1 Vail Spar. Magnesian Carbonate of Lime. 
Pearl-done. 

Peat. Coal. 

Peclmnin. Feiriferoun Oxide of Uranium. 

Pi kl utile. 

Ptdiome. lVichroito. 

Pelokouile. (’.upper, composition unknown. 
Pent.iel.isite. Py roxene. 

Peridot . 

Petidite. 

Pet i oleum. Bitumen, b. 
lVtuut/c, piohaldy Quartz. ft'hitWHP.) 

Pliurmncohtc. Arsemate of Lime* «. 
Pliarniucosidente. < 'nine Arsemate of Iron. 
Phenakite. A new Mineral not described. 

Phillipsite. /ui^onite. 

Phuleiitc Hydrous Silicate of Alumina, u. 
IMiosjilialo-iUSemate ol Lead. Phosphate of Loud, b . 
Pliosphuiite. Fibrous Phosphate of Lime. 

Phutixite. Silieious ( ’arbonute of Manganese. 

Phy s.tlitc Topaz. 

Pientite. Touimaline. 

Picnte. Magnesian Carbonate of Lime. 

Picrohte. 

PiiTosinine. 

Pictite. Turiionto? 

Piene de Trippes. Anhydrous Sulphate uf Lime. 
Pimehte. Oxide of NickcI. 

Pmguite. 

Puiile. 

Pisolite, Globular Carbonate of Lime, a. 

Pistaziti* Kpidote. 

Pitclihleiidi*. Ferriferous Oxide of Uranium. 

Pih hstime. 

1'ittizite. Arseniate of Iron \ 
l’lngiumte. A new Mineral not described. 

Plasma. Silica, b. 

PUtinu. 

Pleouaste. Spinelle. 

Pleuroklas, Wagueiitc. 

Plomhugine, or 

Pluiiib>gommc. Aluminate of Lead. 

Plumhogo. Graphite. 

Plumbocalcitc. Carbonate of Lime and Lead. 
Plurauinm. 

Podite. Pitchstone. 

Polishing Slate. Knrtliy Quartz. 

Polybasite. Rod Silver, r. 

Polychrome. Phosphate of Lead. 

Polyh.dhte. 

Pol\ mignite. Tautal.de of Yttria, Zircon, and Lime. 
Polyxen. Platinn. 

Pouiuihhte. 

Porcelain Clay. Kaolin. 

Porcelain Jasper. Quartz, Jasper. 

Potash. Nit Kite. 

Sulphate. 

Potstone. Compact Talc. 

Pouuxa. Borate of Soda. (Chinese.) 

Prase. Green Quartz, 

Prateolite. A new Mineral nut described. 

Prothccite. Green Pyroxene. 

Prunuerite. Grey Carbonate of Lime. 
Pseudo-Sommite. Hovel ite. 
pMilotnelane. Oxide of Manganese, d. 

Pycnite. Topnz. 

Pyraphrolite. Pitchstone. 

PyrargiHite. 

Py re in 1 lie. Black Garnet. 

Pyrgom. Pyroxene. 

I*yiites. Sulplmret of Copper, or of Iron. 

Pyrochlore. Titaniate of Lime, &c. 

Pyrolusite. Oxide ol Manganese, c. 

P> romorphite. Phosphate of Lead. 

Pyrope, Garnet. 


Pyrophyllbe Mineralogy, 

l’yrophy Halite, Topi*. v " ■ r 

Pyrmthite. rVlicnte of Cerium, Iron, Alumina, and Lime, b, 

PyrusideriV. Oxide of Iron, 6. 

Pyrosmahte. Pyiodmalite. 

Pyrosinalite. 

Pyroxene. 

Q. 

Qimitz. Silica. 

Quart/., Hydrous. Sdica. 

Quicksilver. Mercury. 

it. 

Kudiniite. Bergmannite. 
llapidulite. Seaptdde. 

Butufkit. Karthv Kluate of Lime. 

Kazoumoifskiu. Silieious Curb, nate of Lime. 

Realgar. Red Sulplmret of Arsenic. 

Retina^phaltum. Carbon, I). 

Ret mite. Pitchstone. 

Keussite. Sulphate of Soda and Magnesia. 

Rheiute. Hydimis Phos])hate of (kipper. 

Rheti/ite. Kyaiute. 

Rhodium. 

Rhodochrosite. Carbonate of Manganese. 

Rhodonite. Silicious Carbonate of Manganese. 

Rhutenium. 

Rivcrolilc. Nitrate of Soda. 

Kiohte. Biselenioret of Zinc, See. 

Ruck Salt. Chloride of Sodium. 

Kohwand. Carhomite of Lime and lion. 

Roinunzovite. Garnet. 

Romelde. Sulplmret of Silver and Antimony. 

Rosehtc. Arseni ate of Cobalt, b. 

Rothollite. Garnet. 

Rotten-stone. Alumina with Silica and Carbon. 

Ruhcllun. Mica, c. 

Ruliellite. Touinialine. 

Rubin glimmer. Hydrous Oxide of Iron. 

Ruby. Spinelle and Coiiiudum. 

Rutile. Oxide of Titanium, h. 

Kyakolite. Glassy Felspar. 


s. 


Sagenite. Oxide of Titanium. 

Sahlite. Pyroxene. 

Siil-iiininoumc. Miniate of Ammonia 
Salt, Common. Muriate of Soda. 

Sanidin. Felspar. 

Sappare. Cy mute. 

Sapphue. Blue Corundum. 

Sapphirme. 

Surcolite. Anulciine. 

Surd. Si' tea, b. 

Said onyx Quail/, Agate. 

Sas'suhu, Boiucic Acid. 

Satin Spar. Fibious Arrugonite. 

Saualpite. Kpidote. 

S.iiissurite. Jade. 

Soapolite. 

Scurbroite. Hydrous Silicate of Alumina, o. 
KchulMein. Silicate of Lime. 

Schertnle. Curl ion, I . 

Schiell.-r-Hiin-. Foliated Carbonate of Lime. 
Schiller spar. 

Schoarite. 

Schorl. Tourmaline. 

Schutzite. Sulphate of Strontian 
Scolezite. Ni-edlextone. 

Scorr.a. Granular Kpidote. 

Selbite. Carbonate of Silver. 

Selenite. Sulphate of Lime. 

Selenium. 

Semeline. Silicco-calcareoun Oxide of Titanium* 
Serpentine. Silicate of Magnesia, 6. 

Severitr. Hydrous Silicate of Alumina, e. 
Shepardite. Hydrate of Magnceia. 

Siheritc. Red Tourmaline. 

Sideritc. Blue Quartz. 
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mer alogy. Sidero-graphite. Graphite, A. 

Sideroschisolite. Silicate of Iron, A a 
Silicious Spur. Cieavelandite. 

Sillimanite. Silicate of Alumina, A, 

Silver. Stibiuret. 

Cur’ am ate. 

Cljlotide. 

lonide. 

Native. 

Seleniuret. 

Sulphuret. 

Sulpho-telluret. 

Silver Kupfer Glun/.. Sulphuret of Silver and Copper. 
Sinople Quartz Jasper. 

Skorian. Alumiuatc of Iron P 
Skorodide. Arsenical Iron. 

Skor/.a. Granular Epidote. 

Smaragdite. Amphibole. 

Sniithbonite. Silicate of Zinc. 

Soapstone. Steatite. 

Soda. Borute. 

Carbonate. 

Muriate. 

Nitrate. 

Sulphate. 

Sodaite. Fettstein ? 

Smlalite. 

Someivillite. 

Smnmitc. Nephrline. 

Somomitc. Corundum. 

Sordawahte. 

Spar! alite. Red Oxide of Zinc. 

Speckstein. Steatite. 

Specular Iron. Oxide of Iron, «. 

Spine rulite. 

Spheue. Siliceo-calcaicous Oxide of Titanium. 
Sphero-sideiite. Caihonalc of Iron. 

Hphiagid. Bole P 
•Spinel I a lie. 

Spindle. 

Spinellme, and 

Spinthere. Sthcco-calcareous Oxide of Titanium. 
Spndumene. 

Spreiixtein Bergiuannitc. 

Stahlsteiu. Carbonate of Iron. 

Stalactite. Filuoux Carbonate of Lime. 

Stanzaite. Andalusite. 

Stan rolite. 

Staurotide. Staurolite. 

Steatite. Silicate of Magnezia, c. 

Steatoul. Serpentine. 

Steinheilite. Dichroite. 

Steinmurk. Lithomarge. 

Stellite. 

Sterubergite. Flexible Silver. Sulphuret of Silver and Iron. 
Stdbite. 

Stilpnohidcrite. Hydrous Oxide of Iron. 

Ntromitc. Bisihc.it e of Manganese. 

Stronimte. Barytiferous Carbonate of Stroutiun. 

S tron tia. Carbonate, 

Sulphate. 

Strontianite. Carbonate of Stroutiun. 

Stjlobat. Gehlcnite. 

Siiccin. Amber. 

Succinite. Granular Yellow Garnet. 

Sulphur. 

Sulphuric Acid. Sulphur A. 

Snnstone. Felspar ? 

Surturbrand. Wood Coal. 

Susannite. Sulphato-tri-carbonatc of Lead. 

Swagu. Borute of Sodu. 

Sylvan. Tellurium. 


T. 


Tabular Spar. Silicate of Lime, a. 
Talc. 

Talc Zographicpie. Green Earth. 
Tankelite. Phozphate of Yltria. 
Taut alite. 

Taiitolite. 

Telesio. Corundum. 


Tellurium. Native. 

Graphic 

Yellow. 

Black. 

Tennnntite. Sulphuret of Copper, Ivon, &c. B. 
Tepbroite. Zinc 9 A. 

Tetruclasife. Scapolite. 

Terra de Siena. Bole P 

Terra SigilUta. Leiniiian Earth P 

Terre de Marinarozch. Eaitliy Phosphate of 1 ime. 

Thallite. Epidote. 

Tharandite. Magnesian Carbonate of Lime. 
Thenaiditc. Anhydrous Sulphate of Soda. 
Thumzunite. 

Thorite. 

Thr.iulitc. Silicate of Iron, c. 

Thumite. Axmite. 

Tin. Oxide. 

Sulphuret. 

Tinstone. Oxide of Tin 
Tinder Ore. Antimony. 

Tinc.il. Borate of So. la. 

Titanium. Oxide. 

Tolfaite. Alum Stone. 

Topaz. 

Topuzolite. Yellow Garnet. 

Tori ente. Phosphate of Cranium. 

Torrelite. Cerium > 

Touclistoue. Silica, A. 

Tourmaline. 

Trawituio. Sedimentary Caibouate of Lime. 
Treiuulite. A i n ph 1 1 u de. 

TiicMasite. Fahluiute. 

Tnj hunc. Spodiinieiio, 

Tripoli. Eaithy Quartz. 

Troii.i. Carbonate of Soda, r. 

Tufa. Kiiciusfing Carbonate of Lime. 

Tungsten. Schcel.ite of Lime. 

Tin key Stone. Novacuhte. 

Tunierite. 

Turi|Uoi:%e. Calcite. 

Tyiolite. Azurite. 


U. 

Ullmannite. Phosphate of Manganese and Iron, a. 
Umber. Oxide of Iron and Manganese. 

11 r. mite. Phosphate of Uranium. 

Uranium. Oxide. 

Phosphate. 

Sulphate. 


v. 


Vanadium. 

Vargasite. 

Variolite. Globular Felspar P 
Varvicite. Oxide of Manganese, /». 

ViUKpielinite. Chrnma’e ot Lead and Copper 
Velvet Copper. Silicate and Sulphate of Copper. 
VoMivi.ui. I due rase. 

Vivi.inito. Phosphate of lion, n. 

Volcanic Glass. Obsidian, 

Voraulite. Azurite. 

Vulcanite. Augite. 

Vulpinite. Anhydiouz Sulphate of Lime. 

w. 

Wad. Earthy Oxide of Manganese. 

\Y certhite. 

Wagnerite. Phosphate of Magnesia. 

Wallerito. Lcnzinite. 

Welmsteditc. Carbonate of Iron and Magnesia. 
Wandztein. Carbonate of Lime and lion. 
Wavellito. Phosphate of Alumina. 

Weheterite. Sulphate of Alumin.i, a. 

Weissite. 

Wernerine. 

Wernente. Scapolite. 

Wiluite. Idocrase. 


Mineralogy. 
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Minera'ogy, W ithamite. 

Witherite. Carbonate of Barytes. 

Wolfram. Rcheelutu of Iron and Manganese. 
Wolkouskoit. 

Wollastonite. Silicate of Lime, a. 

Wolnyn. Sulphate of Barytes. 


Yttrocorite. Cerium. 

Yttrotantulite. Tantalate of Yttria, See. 
Yu. Prehnite P 


z. 


Mineralogy. 


x. 


Xnnthite. Idocrase. 
Xantholite. Probably Garnet. 


y 


Yanolito. Axinite. 

Yellow Knrth. 

Yenite. Silicate of Iron and Liine. 
Ytterbite. Gadolinite. 

Yttria. Phosphate. 

Silicate. 

Tantalate. 

Titaniute. 


Zaln. Borate of Soda. (Thibet.) 

Zinc. Alumitmttf. 

Carbonate. 

Oxide. 

fiileniurct. 

Sulphate. 

Sulphuret. 

Zinkenitv. Sulphuret ot Antimony and Lead 
Zircon. Silicate of Zirconia. 

Zoisite. 

Zurlite. 

Zurlonite. Zurlite. 



GEOLOGY. 


CHAPTER I. 

PROGRESS AND PRINCIPLES OF THE SCIENCE. 


Ototomy, Progress of the Science. 

CJh I 

The term Science, as now universally employed,, is 
understood to express, not only the body of information 
collected, general laws established, or system recognised 
in any department of human knowledge, but also the ulti- 
mate objects and whole scope of the research. Strictly 
speaking, perhaps, the former is its legitimate meaning. 
Thus the Science of Optics or of Acoustics properly sig- 
nifies the body of methodized information acquired in 
those branches of human study, but is popularly un- 
derstood, by way of anticipation, to include indefinitely 
the expected or possible future accessions of knowledge 
on the subject. 

It is in conformity with this ordinary language that 
' o shrill endeavour to give the definition of Geology ; 
for though truly none of the Sciences ot observation has 
i tide more remarkable progress toward successful gc- 
iv rdization than this, yet the prospect of further dis- 
covery is so much richer than the retrospect, and the 
activity and talent employed in the research is so much 
on 1 lie iircrea.sc, that we can hardly offer too bold and 
expanded an expression for the ultimate aims of Geo- 
iugy. 

It might provoke a smile to recount the singularly 
contracted notions oil this subject which have till lately 
figured in Works on Geology. The history of the De- 
luge, the discussion of the character and upositories of 
minerals, the classification of fossils, the causes and 
el lects of volcanic, belong indeed to this comprehen- 
sive subject, but these and many more important in- 
quiries:, are only particular branches of the great study 
of Geology. 

One reason of the inadequacy of the definitions 
usually presented, is probably not confined in its appli- 
cation to any one of the Sciences of observation, vis. the 
difficulty of foreseeing at the commencement of a new 
study, the direction and extent of its future develope- 
ment. Mathematical Science, founded upon the per- 
vading idea of relative magnitude, may by this compre- 
hensive definition, anticipate all the various determina- 
tions concerning number, and proportion, and direction, 
which are daily added to its stores, and which are, in 
fact, the developements of recognised fundamental 
axioms; but the Natural Sciences have not this ad- 
vantage, and it is only after they have made great pro- 
gress, and many detached inferences, drawn from still 
more scattered data, havo been combined into system, 

. that the most able cultivators can clearly discern whereto 
their labours eventually te^d. 

Definition. * Guided by these views, we shall define Geology aa 
that Science to which it is uitoited to investigate the an- 
cient Natural History of the Earth ; to determine by ob- 
servation what phenomena of living beings or inorganic 
matter were' formerly occasioned on or within the Globe, 
in what order and under what conditions ; and from 
vol. vi. 529 . 


comparative data, furnished by investigation oF the pre- 
sent operations of Nature, to infer the general system 
of successive revolutions which the Earth has under- 
gone before arriving at its present state; and thus, 
finally, to furnish a complete, view of the conditions 
which have regulated, and of those which do regulate, its 
system of mechanical, chemical, and vital phenomena. 

From the terms of this definition we may at once 
understand why, in former times, the most able men 
erred so grievously in their attempts to elucidate the 
history of our Globe; for, while Geography was imper- 
fectly known, before Commerce and the knowledge of 
Languages had made us acquainted with the productions 
and traditions of every clime; before the birth of most 
brunches ef Physical Science, it was impossible to accu- 
mulate the numerous and exact data from which alone 
Geology takes its origin. And since the geucral truths of 
Geology are made apparent only by the application of the 
known laws of Modern Nature, it is evident that, before • 
the establishment of those laws, the wisest of the old 
Philosophers had nothing to substitute for enlightened 
theory but blind and fanciful conjectures. These are 
the reasons why the ancient doctrines concerning the 
World are almost without exception bewildered with the 
i m possible problem of the 'Creation of Matter, and buried 
in a chaos of subtle inventions. 

Cosmogony, not Geology, is the subject of the old tradi- 
tions of Phoenicia, Chaldcea, Egypt, and China; and the weo ,°® r *‘ 
same incurable fault vitiates the learned systems of 
Epicurus, Aristotle, and Pythagoras. 

It is, however, interesting to observe a considerable * 
refinement in the nature of the fictions by which / 
those great men attempted to supply the want of fair 
deductions. The Epicurean doctrine of atoms, and the 
primary elements of Aristotle and Pythagoras, are fa- 
vourably contrasted with the Egyptian egg of the World 
and the primeval monsters of Chaldaca. Familiarized with 
Countries in which frequent earthquakes and occasional 
volcanic eruptions necessarily accustomed the mind to a 
contemplation of great revolutions in Nature, we find both 
Aristotle and Pythagoras indulging the ideas of frequent 
changes in the relative extent of land and sea, and* support* 
ing this doctrine by reference to historical facts concerning 
subsidence and elevation of.land,to the occurrence of ma- 
rine shells far from the sea, and to the ordinary processes 
of Nature. But, in (his respect, the Geographer Strabo 
appears to have far outstripped all his predecessors ; for 
he distinctly alludes to the various explanations of the 
phenomena of marine remains, proposed by Eratos- 
thenes, Xan thus, and Strato, and adds his own view of the 
matter, in terms not very different from those employed 
at the present day by the advocates of the gradual eleva* 
tion of our solid land from the bed of the sea, os may 
be known by consultipg the excellent review of Geologi- 
cal opinions given by M.\ Lyell. * 

The ten centuries of war and commotion whicbAwo 
4 a 
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cecded the destruction of the Western Empire, were 
less favourable to the growth of Physical Science than 
even those which had preceded ; and while all the learn- 
ing of the world was shut up in cloisters, and confined 
to one class of Society, we cannot wonder that thegraud 
cosmogonies of the Ancients should have dwindled into 
puerile discussions. Learning was in chains, but it was 
nevertheless spread abroad through Christendom, and 
waited but for the extension of Geography and Commerce, 
by the maritime discovery of India and America, to 
be emancipated from its thraldom, and for the discovery 
of the Alt of Printing to be excited to energy and en- 
thusiasm, by the Physical and Astronomical discoveries 
of Kepler and Galileo. 

It was not, indeed, till the Inductive Philosophy, 
budding in Galileo, blossoming in Bacon, and rich with 
fruit in Newton, bad been widely disseminated among 
mankind, that we were entitled to look for fixed data and 
limited generalizations in any branch of Natural Science. 
The diffusion of this mode of philosophizing may be 
said to have withdrawn the veil of prejudice which had 
previously obscured the visible Creation, and to have 
really generated the Sciences which treat of the proper- 
ties of Matter and the phenomena of Life. 

Three different classes of phenomena have conducted 
men of observation to a partial acquaintance with the 
stratification of the crust of the Earth. 

1. The arrangement of the various soils in England. 

2. The appearances in the mines of Germany. 

3. The remains of plants and animals entombed in 
, the slrala of England, France, and Italy. 

The early advancement of Agriculture in a Country so 
populous, and of so diversified an aspect as England, 
necessarily produced a very intimate knowledge of diffe- 
rent soils ; and as these depend on the nature of the 
substances beneath, which range in regular courses, it 
is not surprising that maps of the soil should have been 
early proposed by agriculturists. Dr. Lister, residing in 
Yorkshire, where the ranges of soil are very well de- 
fined, was the first to propose to the Royal Society, in 
10*83, a Map of the soils of England. 

“ We shall be better able,” he says, 41 to judge of the for- 
mation of the Earth, when we have duly examined it, as 
far as human art can possibly reach, beginning from the 
outside downwards. And for this purpose, it were ad- 
visable that a Soil or Mineral Map, us I may cull it, 
were devised. The soil might either be coloured by a 
variety of lines or etchings : but great care must be 
takeu very exactly to note on the Map where such and 
such soils are bounded. As for example, in Yorkshire, 
the woods , (wolds,) chalk, flint, and pyrites, &c. 2. 

JVackmaor , moors, sandstone, &c. 3. liolderness^ boggy 
turf, clay, sand, &c. 4. Western mountains , moors, 

sandstone, coal, ironstone, clay, sand, &c. Nottingham- 
shire, mostly gravel, pebble, clay, sandstone, hall-plaster, 
or gypsum, &c. Now if it were noted how far these 
extended, and the limits of each soil appeared on a Map, 
something more might be comprehended from the whole 
and from every part, than I can possibly foresee, which 
would make such a labour very well worth the pains. 
For I am of opinion such upper soils, if natural, infallibly 
produce such under minerals, and for the most part in 
such order. But I leave this to the industry of future 
times.” 

This scheme was partly executed by the County Re- 
ports presented to the Board of Agriculture, thfe earliest 
of which dates from 1794 ; but the investigation being 


usually unconnected with sound views of the interior Geology, 
conformation of the Earth, few of these detached efforts Cli. I. 
led to any important results. Packe, in liis Ckorogra - 
phiral Chart of East Kent , (1743,) has shown what 
admirable general views of the Physical Geography 
and leading rocks of a district may be entertained, 
without that combination of results which leads to 
Geology. 

Miners in every period must have been acquainted Mining, 
with the order of succession of the rocks through which 
they seek the treasures of coal and metal ; and in a tract 
consisting of alternating coal-seams, limestones, sand- 
stones, and shales, as at Aldstone Moor, in Cumberland, 
the range and extent of the different strata must always 
have been familiar to the workmen. 

There must therefore always have been a Mineralo- 
gical School op Geology in every Country in which 
rich subterranean treasures attracted the attention of 
mankind. 

Agricola embodied the floating information ‘of the 
miners of Saxony, as early as 1546 ; (De Nalura Fossi- 
Hum ;) and the appearance of five complete systems of 
Mineralogy in Sweden, and three in Germany, between 
1730 and 1762, sufficiently proves the very general in- 
terest in the subject which prevailed in these great 
mining districts. 

Those Works are principally devoted to a description 
of the most prominent Minerals, and it is only inciden- 
tally that wo gain from them proofs of the considerable, 
though detached information which the authors really 
possessed concerning the manner in which minerals con- 
stitute, by their assemblage, the crust of the Earth. 

In 1750, however, Tylas, a Swede, and in 1756, Leh- 
mann, a German, broke through the fetters of a mere mi- 
neralogieal method, and by proving a regular order of su- 
perposition among stratified rocks, opened the way to the 
sagacious generalizations of Werner and the cautious 
inductions of Saussure. 

A peculiar set of opinions concerning the formation Werner 
of the Earth, has been honoured by the title of the Wer- 
nerian Theory; and the pupils of Werner who had found 
proof of the truth of his practical inferences, 'may be readily 
pardoned for the determination which they have shown 
to uphold the hypothetical notions of their master. 

But if we wish to ascertain the real value of the benefits 
which the researches of W'erncr have conferred upon 
Geology, we must forget his Theory, and view only the 
data which lie collected for its foundation. 

Werner was. educated amidst the mines, and in the 
society of the most eminent Mineralogists of Saxony; 
their experience and their opinions became his own, 
and doubtless swayed and directed the energies tif his 
mind. To judge from his own Works, and from the 
course which his pupils have so long pursued, the 
principal point of view under which Werner contem- 
plated tlie rocks und metallic veins of Germany, was 
the relative period of their production. Lehmann had, 
indeed, taken the same course, and already distin- 
guished primary and secondary rocks. 
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Geology, the former existing in mountain chains, mostly strati- 
ch i *• fied at high angles of declination, and devoid of or- 
V * v " ,l, “ p/ ganic remains/ the latter disposed more horizontally, 
and stored with the reliquiae of life. But Werner, with 
characteristic tact and boldness, applied this method of 
investigation to every case, and took it as the grand 
basis of his classification of rocks. 

Basis of his “ When two veins (a b) cross, and [one of them (&) 
system. cuts through the other, (a,) the one which is divided (a) 
is the more ancient” 



Among stratified rocks superimposed on one another, 
the lower members of the series, those which lie nearest 
the centre of the Earth, were deposited first, and the 
relative antiquity of the different strata is exactly in the 
order of their position. Thus c is the oldest rock of the 
series, c, d, e, /, g. 



By this manner of proceeding in the instance of the 
Hartz Mountains, Werner was enabled to frame a system 
or classification of rocks in the order of their respective 
position as far as could then be ascertained, and con- 
sequently in the order of their consecutive formation. 
Thus the Brocken Mountain was described by Werner 
and liis followers as a central cone of granite, upon 
which on all sides round were laid various other rocks 
In a certain and constant order of succession ; as gra- 
nite, clay-slate, limestone, greywacke and greywacke- 
slate, old red sandstone, limestones, gy psums, sandstones 
and limestones ; the upper and newer strata having 
their outgoing or terminal edges lower and lower con- 
tinually. 

Werner presumed that this order of succession among 
these rocks would be found to prevail in all parts of 
the World, and thus announced a grand principle in the 
construction of the Earth which was destined to have 
a most beneficial effect on Geological theory and ob- 
servation. For, on the one hand, it' dissipated the 
chaotic dreams of those who maintained that the whole 
crust of the Earth was to be viewed as a mass of sedi- 
ment from the waters of “ the Deluge and on the 
other, exhibited the most important subject of inquiry 
respecting the constitution of the Earth, and fixed a 
precise method of investigating it. 

Extending his views through other parts of Germany, 
Werner completed the following system of successive 
formations. (Jameson.} 

Werner’s The lowest and oldest series of rocks discoverable 
■cries of by examination is supposed to be of crystalline origin, 
formations, to be devoid of organic remains, and to have been ° 


gi tally, as at present, stratified at high augles of in< 
clination. These are called by Werner 
Primitive Rocks . 

Such are : 



Granite, 

Gneiss,* 

Micaceous schistus, 
Argillaceous schistus, 
Primitive limestone. 
Primitive trapi 
Serpentine, 


Porphyry, 

Sienite, 

Topaz rock. 

Quartz rock, . 

Primitive flinty slaU, 

Primitive gypsum, 

Eurite, or whitestoue. 

A second series of rocks appearing to be partly of 
crystalline and partly of mechanical origin, containing 
some remains of plants and animals, with slopes of 
stratification less remarkable than the former, is named 
by Werner, on account of these intermediate characters, 
Transition Rocks. 

Transition limestone, Greywacke, 

Transition trap, Transition flinty slate. 

The third series consists of strata more decidedly of 
mechanical aggregation with abundance of organic 
exuviae, and from the greater frequency of theBe strata 
in the flatter regions of the Globe, where their planes of 
stratification are nearly level, they are called 
Fleets (flat-lying) Rocks. 

1st or old red sandstone. 

1st floetz limestone* 

1st floetz gypsum. 

2d variegated sandstone. 

2d floetz gypsum. 

2d floetz limestone, or muschelkalkstein. 

3d sandstone, or quadersandstein. 

3d limestone, or plane rkalksteln. 

Floetz trap. 

Independent coal formation. 

Newest floetz trap. 

Lastly, various sandy and argillaceous strata, imper- 
fectly known to Werner, but since ascertained to contain 
the whole vast series of tertiary strata, are included by 
him under the title of Alluvial Deposits. 

That this classification is partly erroneous in principle, 
and in all respects incomplete and inadequate to the ri- 
gour of modern investigation, is apparent at a firstglmice, 
but it obviously contains the essence of all subsequent 
arrangements, viz . a determined reference to the anti- 
quity of the deposit. Werner is, therefore, entitled to 
the distinguished praise of having established one of the 
most important general laws jet ascertained respecting 
the structure of the Earth. He has proved that its stra- 
tified rocks are laid one on another in a certain order of 
succession, which is. the same, or very similar, over 
large parts of the Earth's surface. No one before 
Werner was able to perceive in any Country a regular 
system or series of strata, much less to imagine such a 
series to be universal. 

It has been usual, especially in England, to quote a Mitchell,’ 
variety of persons before the date of Weitficr, to whom 
the honour of first declaring the principles developed 
by the Professor of Kreyberg might with more justice 
be ascribed. The nature of his obligations to his own Coun- 
trymen has been already sufficiently stated. Mitchell, 
one of the most talented of the Natural Philosophers of 
England during the middle of the XVIIIth Century, 
who, for a short time, filled the Wood wardian Chair of 
Geology at Cambridge, and afterwards resided, in York- 
shire, had certainly made himself acquainted with the . 
series of English strut®, especially in the Northern 
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Geology. Counties, and had even gone so far as 'to discover 

Ch. 1. some of the most important general relations be- 

tween the Geological structure and the Physical fea- 
tures of the Globe, defining with a masterly hand 
the mutual dependence of mountain ranges and lines 
White- of stratified rocks. The merit of Whitehurst, also, both 

hurst. as a theorist and as an observer, is very consider- 

able. He, states the object of his Work, published in 
1792, to be “ to trace appearances in Nature from 
causes truly existent ; and to inquire after those laws 
by which the Creator chose to form the World; not 
those by which he might have formed it, had he so 
pleased.** Ilis mode of proceeding is exactly in con- 
formity with the first clause of this sentence ; for his 
whole Work is a finely woven web of plausible deduction 
and conjecture, founded oil general Physical considera- 
tions, and supported or \Uwlrated by a selection of cor- 
responding facts and observations! This inverse pro- 
cess is certainly, in many respects, characteristic of a 
Cabinet Geologist; and yet this volume contains abun- 
dant proof, that its author was both well acquainted 
with a great variety of important data in Geology, and 
possessed of sufficient generalizations to devclope their 
value. What is stated by Whitehurst concerning Ihc 
succession of strata in Derbyshire and other parts, was 
chiefly derived from the miners and colliers, who, 
certainly, for a hundred years before the dawn of sound 
Geology, knew perfectly the almost invariable sequence 
of strata in their own districts. 

Saiwsure. The value of Saussure’s distinguished services to 
clear the way for legitimate inductions in Geology can- 
not be better expressed than in the following passage 
of Cuvier, wherein he is compared with Werner. 

En effett la partit ptlrerrUnt minirale *du grand 
problcme de la tkkarie de Id Terre a ite etudieeavee un 
soiti admirable par De Saussure, r't port'ee depuis d un 
devefoppement llonnant par Werner et par hs nom - 
breux et aavans Hives qu'il a formis. 

Lc premier de ces kommes celebres , parcourant peni- 
hlement pendant vingt annics Us cantons les plus inac- 
cessible^ attaquant en quelque sorte les Alpespar toutes 
leur faces , par tons leurs dbfil'es, nous a divoili tout le- 
disordre dcs terrains pfimitifi, et a track plus net Ce- 
ment la limitc qui les distingue des terrains secondaires. 
Le second 9 projitant des nombreuses excavations faites 
dans le pays qui possidc les plus ancicnnes mines » a 
jixk Un lots de succession des couches ; il a montre Uur 
ahcisnncle respective , et poursuivi chacune d’ cites dans 
toutes ses metamorphoses . CM de lui, ct de ltd seule- 
mcnUquc datera la Geologic positive, en ce qui concerne 
la nalvrale mint rale des couches ; ntais ni Werner ni 
De Saumirc nont don no d la determination dcs espiees 
o rganiques fossil dans chaque genre de. conche , la 
riguenr devenue nicessaire , depuis que les animaux con- 
nits s'islivent d un nombre si vrodigieux. 

Inductive The grand fact upon wbidi, in all Ages, Geological 
Geology * inquiries have hinged, the occurrence Of marine animals 
Smiled on frdm tf * c scft awl ..deep in ttye solid bosom of the 
the orga* Earth',' w*i$ so far understood by the Ancients, that they 
niereU- had Ascertained the general agreements of fossil and 
quii*. . recent marine: shells, nor does there appear the least. 

trace of doubt on . this subject in their writings. Hut 
trarm discussions arose concerning them among the Na- 
turalists of Italy, and at q later period, thoso of France, 
t England, and Germany, Countries in which those 
exuviae are particularly plentiful tod various. 

. TheXVlih Century was wholly wasted in the ridi- 


culous dispute whether the fossil shells were genuine Geology, 
marine exuvisc, or mere lusus natures produced by a Ch. I. 
plastic power or fermenting fatty earth ^ and the ques- 
tion assumed a more difficult character from the addi- 
tion of another, whether, if they were genuine petrifac- 
tions* they were all deposited by the Noachian Deluge? 

In examining both of these points the Italian Philoso- 
phers were by far the most couspicuous, and it is diffi- 
cult to understand how the sound conclusions of Steno 
and Scilla could fail to become the universal creed of 
Geology ; yet long after Palissy in France had produced 
unanswerable evidence that fossil shells were the ge- 
nuine exuviae of ancient marine animals, men voluntarily 
shut their prejudiced eyes to this most simple of all truths. 

The XVIth Century closed before the expiration of this 
absurd controversy; but as Truth infallibly gains strength 
by even the most unworthy contests, the strong interest 
attached to the solution of this problem spread universally 
among Naturalists the eonviction that great discoveries 
concerning the structure of the Earth were to be accom- 
plished, and the mode of contemplating its connection 
with Zoology received very capital improvements. ■ 

In England, especially, the superior interest which Progress of 
belonged to the thousands of fossil plants and animals, ? 0 I sllo 1 gy , 
was fully understood by Llwyd, Itay, Lister, Wood- m nBAn 
ward, and Morcton ; who by their rich collections, and 
splendid publications, and resolute though unsuccessful 
efforts to deduce the causes which had thus buried and 
preserved imperishable in their everlasting tombs the 
organic remains of a former Wot Id, undoubtedly kindled 
that ardent spirit of inquiry respecting the structure of 
the Earth, for which, the English Philosophers of the 
XVIlth Century were so honourably distinguished. 

Nevertheless, the progress of Geology in England 
was still retarded by the fettered condition of other 
Sciences, and by a peculiarly unhappy conjunction of 
Truth and Fiction. The correct view of the original 
nature of 14 formed stones, or petrifactions,*' was coupled 
by Woodward and his numerous followers with the 
assertion, that all the strata superimposed on one another 
in the crust of the Earth, with all their included myriads 
of fossil animals and plants, were deposited by 'one 
general flood, the Deluge !** This fatal error, the 
stumbling-block of the Geologists of the XVIlth Cen- 
tury, lay at the root of the brilliant hypotheses of 
Hurnct, Woodward, aiul Whiston ; and now, though 
discarded by every sound Geologist, it remains a serious 
impediment to the diffusion of correct general principles. 

One great merit, however, strikingly characterises the 
early English School of Geology, even in its greatest 
aberrations, a thorough conviction that the organic 
remains entombed iu the Earth were the surest evidence 
of the revolutions which.il had undergone. 

In consequence, the whole island was filled with col- Lister, 
lections of fossils, which were compared' with native and 
exotic living species, and almost every Naturalist of note 
from the time of Lister contributed something to the 
stock of information respecting them. That distin- 
guished man, equally industrious and fortunate, and in • 
general free from theoretical prejudice, had the glory of 
perceiving and of recording in a single instance the prin- 
ciple of mutual dependence between the strata and their 
. organic remains, which afterwards, generalized and pro- ' 
mulgated by Smith, became the most important instru- 
ment of investigation which has ever been presented to 
Geology. 

Speaking of a small species of belemnite9i.(& Lis* 
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teriy) which is figured in his Historia Animalium An • 
gliasy he says it is found in bJI the cliffs as'you ascend 
the wolds , for above a hundred miles in compass, at 
Speeton, Londesbro* and Caistor, but always in a red t 
ferruginous earth . This correct and remarkable result is 
a striking example of the possibility of even holding in 
the hands a* brilliant discovery, without knowing its 
value, or taking any steps to ascertain its importance. 

A century later, the perception of the same truth, in 
several instances near Bath, and the demonstration of 
its applicability .to the whole secondary scries of the 
strata of England, enabled Mr. Smith, by his own un* 
aided efforts, to establish the Geology of England on a 
basis from which it can never be shaken ; an accurate 
classification of the stratified rocks, in the order of their 


relative antiquity, accompanied by Catalogues of their Geology, 
organic contents, and a Map of their ranges on the Uh. I. 
surface of the Island in conformity witli the section of 
the interior. 

The following Table, taken almost verbatim from Dr. 

Fitton's valuable notes on the History of English Geology, 

{Phil, Mag . 1832,) presents the list of English strata as 
published by Mr. Smith in 1815, nud the corresponding 
arrangement at present admitted among Geologists; 
and thus at one view may be seen the entire distinctness 
of Mr. Smith's whole system of classification and method 
of naming, from that of any earlier continental writer, 
and the almost perfect exactness with which his views 
and names have been adopted by the modern School of 
English and European Geology. 


Smith, 1815. 

1 Characters of natu- 
ral Districts formed * No. 
by Groups of Strata* 


1833. 


Names of Strata on Mr. Smith's Map and 
Sections 


Present Names. 


Plains . 


Chalk hilli. 


Clay vales , 


Stonebrash hills j 


Marl vales . 


Coal tract 

Mountainous . • . 


9 

10 

11 

12 

13 

14 

15 
1C 
17 
IS 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 


(That bed* above the chalk not noticed ( T i r 

^ I Marino and freshwater strata of the Isle of 



Clay or brick earth •*.... : .. I Plastic clay. 

Crag {this should have been placed first) I Sands above the chalk. 

Sand and light loam 



Green sand Cretaceous strata <{ 

Blue marl «... 

Iron sand 


( The Weal den group not distinguished by 
Smith.) 

Portland rock 

Sand 

Oaktree, or North-Wilis clay 


Coral rag and pisolite 

Sand and sandstone, or calcareous grit. • . • 

Dark blue, or Cluuch cl Ay 

Kolloway stone 

Cornbrash q 0 ]^ c j 

Hinton sand and sandstone 

Forest marble 8trtt, “ 

Clay 

Great oolite 

Fullers’ earth and rock 

Under oolite 

Sand 

Marlstone ' 

Blue marl 


[ Wealden 


Upper 

oolite. 


Upper green sand. 

Gault. 

Lower green sand. 

Weald clay. 

Hastings sands. 

Pur beck limestone. 
Portland oolite. 

Sand. 

Kim merit] ge clay. 

( Upper calcareous grif. 
Coralline, or Oxford oolite. 
Lower cuicateous grit. 
Oxford clay. 

Kelloway stone. 

Cornbrash. 

Sand and sandstone. 
Forest marble. 

) Bradford clay. 

' Great oolite. 

Fullers’ earth and rock. 
Inferior oolite. 

Sand and grit, 
f Upper lias clay. 

| Marlstone. 


Lower 

oolite. 


Lias i Lower lias clay. 

Blue lias I Blue lias. 

White lias . ’ v White lias. , 

Red marl and gypsum T f Red marl und gypsum. 

jSalifrrous strata < lied sandstone. 

Magnesian limestone «... [ Magnesian limestone. (Zeclistciii 

Soft sandstone . •••••••. Kothetodteliegcndg. 

Coal districts [ Coal measures. 

Mountuin limestone Carboniferous strata/ Mountain or carboniferous limestone., 

Ked and dun stone I Old red sandstone. 

Various, killas or slate' .' Slates, &c. 

Granite, sieuite, and gneiss Granite, &c. 


Src.) 


To study the monuments of Nature according to the 
principles developed by Mr. Smith ; to ascertain by the 
order of succession and by the organic remains what 
were the contemporaneous effects of the natural agents 
employed in the formation of the Earth in all paTls of 
the World ; is the great problem of modern Geology. 
By the aid of Zoological and Botanical researches we 
determine the relative antiquity of every species of fossil 
plant and animal, and assign the reldtive period during 
which its existence was continued. Orthoceratites pro- 
ducts, trilobites, and many crinoidee, belong to the 


older' and lower rocks; certain species of echini and 
•shells mark the oolitic strata ; while others belong to 
the chalk; and a series of plants, corals, shells, and verte- 
bral remains, lies above the chaljc, but is not found below. 
Such inferences, drawn from observations in Europe, 
have been found constant even in the New World; 
and if the powerful instrument of research thus placed 
in the hands of the observer, ho wielded with the caution 
requisite in questions of analogy, the time is probably 
at hand when the principles disclosed by Mr. Smiths 
researches near Bath, and illustrated by Cuviers phiJo- 
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Geotoy. sophicul description of the environs *of Paris, will be 
Ch. 1. found universally applicable ; and the distant slopes of 
the Himalayah and the Andes, and the shores of Aus- 
tralia and Greenland, will be united in the mind of the 
Geologist who contemplates their coeval stratification. 
Hypo- We shall here close our short account of the growth 

theaeB. of Geology into a Science, without being tempted to in- 
dulge in (lie vain amusement of ridiculing those crude 
and visionary schemes which have too long been known 
by the misapplied title of Theories of the Earth. While 
the paths of observation, along which alone the foun- 
dations of the Science are to be sought, were hard and 
difficult, those of hypothesis were easy, flowery, and in- 
viting. The globular figure of our Planet, the inequality 
of its surface, and the occurrence of marine shells in 
mountains far from the sea, hove been thought suffi- 
cient data for rashness and speculation to construct 
detailed Theories of the Earth, to determine the consti- 
tution of its centre, and to describe, as if they had ac- 
tually beheld them, the successive revolutions which it 
had undergone. 

These unfortunate hypotheses were most numerous and 
discordant during the period when positive Geology had 
mafic the least progress ; with the advancement of know- 
ledge they diminished in number and improved in con- 
sistency, and at the present moment, though every 
professed Theory has lost its power of fettering the mind, 
there is a tacit but almost universal agreement in these 
fundamental principles of structure, and circumstances 
of origin, by which not only every passing Theory must 
be judged, but to which also all good observations and 
souud inductions must be referred. To devclope these 
principles in a settled .Order, to illustrate by their aid the 
Geological structure of the British Isles, and to connect 
the Geology of Britain with that of Europe and the 
terraqueous Globe at large, and thus to rise by a legi- 
timate process to the most comprehensive inferences 
which the subject admits of, is the aim of the following 
pages. 

We shall 4 ' not, at the outset of our inquiry, prejudge the 
important questions which will arise for discussion, by 
decidiug between Huttonian and Wernerian; or any other 
hypotheses ; but allowing to their ingenious authors the 
merit of having really; promoted Geology by stimulating 
curiosity and by directing inquiry, we shall for the present 
neglect them altogether, except so far as they may assist 
us to read well and interpret aright the rich and impar- 
tial volume of Nature. 

Modem But though Geology will not again own a master, its 
C fK Vllt r r h cu ^> va ^ ors can Hcver cease to be grateful to their ancient 
Geology ^ ea ^ er8 » alu ^ many names connected with the general 
® y * progress of English Geology in recent times, here de- 
mand the warmest expression of gratitude. The English 
system of Geology, based on the extensive labours of 
Smith, has been fully illustrated in G reenough’s Geolo- 
gical Map, Dockland's Rdiquite Diluoiante , and Cony- 
beare’s Geology of England and Wales, a Work eer> 
iaioly not yet surpassed in merit, nor soon to be excelled 
unless by the continuation of it, which is anxiously 
expected, from the combined labours of Conybeure and 
Sedgwick. . Scotland has been surveyed by Jameson 
and Me CullocH, amply described by Bou«£, and put in 
relation with English Geology by the eminent re- 
searches on sccondaiy rocks of Sedgwick and Mur- 
chison* Nearly the Whole of Ireland has been ably 
treated by Weaver. The mineral condition of the Bri- 
tish Islands has been to a great extent developed by 


Sowerby, and the history of British fossil plants is in 
the hands of Lind ley and Hutton. If from these com- Ch. 1- . 
prehensive Works we should pass to those more local 
and definite discoveries which are the ultimate strong- 
holds of the Science, many pages would not suffice to 
hold the praise so justly ascribed to De la Beche, 

Furey, Horner, Lonsdale, Lyell, Mantel!,’ Miller, Web- 
ster, and oilier eminent names which will appear in 
the folio wing descriptions. To the Geological Society 
of London, established in 1807, an a Body, belongs 
the high and enviable praise of unwearied and exciting 
activity, sound preference of permanent facts to tran- 
sient Theories, invincible liberality of sentiment, and 
prophetic anticipation of that glorious expansion of the 
Science, which now claims for it the countenance and 
the active cooperation of every person interested in the 
interpretation of Nature, or concerned in the increase of 
the national wealth. Finally, there is yet a tribute 
to be offered ' to one whose ear is now dead to grateful 
praise, the man whose genius restored the vanished 
forms of Nature, and united the Zoology of all Ages of 
the World. What monument can be required for Cuvier, 
so long as the wonderful works of Creation claim the 
admiration of mankind ? • • 

Materials in the Earth . 

. The first question which presents itself to the in- Mean’den-' 
quirer into the Natural History of the Earth is, what are sit y of the 
the materials employed in its construction? To answer Earth * 
this question fully, and in all its extent, is now, and 
will, probably, forever remain impossible, because with 
respect to the interior of the Globe we can learn nothing 
from direct observation, nor infer from Astronomical 
researches any thing more than that the materials, 
whatever they are which compose the more central 
parts, must have there a Specific Gravity, very much 
greater than that of the rocks which appear near the 
surface. The mean density of all the predominating 
rocks hitherto discovered is about twice and a half that 
of water; but the mean density of the whole terraqueous 
mass is four and a half times, or perhaps five times that 
of water. We may, therefore, safely conclude that the 
central portions are much heavier than the external 
crust ; but beyond this all is speculation. 

It must not be concluded that because in the central Specific 
parts the materials, whatever they are, have a Specific ** ravi iy 
Gravity greater than those near the surface, they would y -^ s m atq * 
also remain heavier if brought to the surface, for the 
compressibility of Matter under pressure would neces- 
sarily tend to the condensation of the internul nucleus of 
the Earth, and that in so high a degree, if the internal 
substances be of the same compressibility as those in the 
crust of thfe’Eurth, as to make the mean density of our 
Planet very much higher than it is known to be. Putting 
out of view the question of the Chemical relations of the 
internal substances of the Globe, aud confining ourselves 
to Mechanical considerations alone, wc should have, us * 
conclusions of the greatest probability which the subject 
admits of : — 

First, that the superior density of the internal parts 
of the Globe is 'occasioned by the accumulated pressure 
which they have to sustain. 

Secondly, that the eflecls of this pressure in con- 
densing the internal parts of the Globe would be far 
more considerable than they are, were they not resisted 
within by some general antagonist force ; such as tho 
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Geology, expansive power of heal;, or an extraordinary want of 
Chit compressibility among the particular substances ope- 
* rated on. 

Thirdly, That the Earth’s spheroidal figure 1ms been 
attained in consequence of its having formerly been en- 
tirely fluid, during rotation on its axis, and is pre« 
served because the internal arrangement of its materials, 
whether solid or fluid,, is in equilibrio with the velocity 
of its rotatory movement 

Limitation It cannot oe too often nor too early impressed upon 
of inquiry, the mind of the studeut that Geology has no connexion 
with systems of Cosmogony. It is wholly a Science of 
observation and inferences, and limited to* the pheno- 
mena presented within* a small depth from the surface 
of the Earth. The regular disposition of the materials 
of our Planet does indeed permit us, in many cases, to 
infer, with the highest probability, what is the condition 
of its interior to a depth far beyond that actually visible 
to human eye ; but still all the aids of Inductive Science 
are ineffectual to penetrate more than a few mile? below 
the soil. It muy, indeed, be the cose, since the level 
from which volcanos arise is uncertain, that the materials 
which they vomit have been derived from greater depths, 
but the great improbability that these materials, after un- 
dergoing fusion, should be restored to their original con- 
dition, must make us hesitate to adopt volcanic products 
as evidence of the exact nature of the substances in the 
interior of the Earth. Our observations are, therefore, 
nearly confined to what is technically called the Crust 
of the Earth, and our legitimate inferences desceud.no 
lower than the rocks which appear in this crust. 

Earthy There is hardly any tract of country so limited as not 

compounds to show a considerable diversity of earthy aggregates. 

Even in those districts which possess neither quarries, 
nor mines, nor cliffs, nor natural valleys, the surface of 
the land and the shores of the sea are generally strewed 
with fragments of different stones transported by some 
ancient powerful currents from regions in which Nature 
is more prolific, or more clearly reveals her treasures. 

In the more level Countries the principal varieties of 
the earthy comppunds or aggregates are included in 
the terms limestone, sandstone, and clay, of different 
colours, hardness, and fineness of grain. Each of these 
great divisions of rocks contains essentially a peculiar 
species of earth which imparls to the mass a particular 
derivative character. Thus, 

Limb is the base of limestone, 

Silica of sandstone, 

. Alumina of clays. 

Magnesia is an essential ingredient in certain 
limestone*. 

Carbon is the characteristic element of coal, 
Soda of salt. . 

If we now turn our attention to the mountainous 
tracts, where crystallized minerals presept themselves 
in au endless variety of combination ; we shall, per- 
haps, be led to expect a corresponding abundance of 
primitive substances. But Chemistry has taught us 
that all r this seeming inexhaustible variety is occa- 
sioned by a few earths, metals, and combustibles, and 
some of these are so rare, and even solitary in their 
occurrence, as to be of little importance in this inquiry. 
By far the greater number of earthy minerals are com- 
posed of the same four substances, as limestones, sand- 
stones, and clays, variously Combined with alkalies and 
acids, and differently coloured by metallic oxides, &e. 
A good general knowledge of silicicus, Aluminous, cal- 


careous, and magnesian minerals and rocks, is therefore (icoLogy. 
the portion of Mineralogy most essential to a Geologist. *:h. 1- 
All the various aerial, liquid, aud solid compounds 
which belong to this Globe are reducible to about fifty- Elementary 
four ingredients, which arc termed simple or primitive, subRt,mceH ’ 
because, in the present slate of Chemical Science, they 
appear incapable of further decomposition. Of these 
^ Forty-three are metallic bodies , brilliant, electropo- 
sitive, and, with the exception of potassium and sodium, * 
heavier than water. 

Of these thirteen produce, by union with oxygen, the 
Earth and alkalies, — 

Aluminum, Silicium, -Yttrium, 

Glucinium, Thorium m, Calcium, 

Magnesium, Zirconium, Strontium, 

Barium, Lithium, Sodium, Potassium. 

Five decompose water at a red heat,-— 

Manganese, Zinc, Iron, Tin, Cadmium. 
Twenty-four do not decompose water at any heat. The 
more oxidable are, 

Arsenic, Antimony, Copper, 

Molybdcna, Uranium, Tellurium, 

Chrome, Cerium, Nickel, 

Vanadium, , Cobalt, Lead, 

Tungsten, Titanium, Mercury, 

Columbium, Bismuth, Osmium. 

The less oxidable, — * 

Silver, Rhodium, Gold, 

Palladium, Platinum, . Iridium, 

Eight noTMnet attic combustibles , — 

Sulphur, Iodine, Carbon, 

.Phosphorus, Bromines, Fluorine ? 

Silenium, Boron. 

Four gases , — 

Hydrogen, Oxygen, Azote, % Chlorine. 

Every substauce in this list is found* in the mineral 
kingdom ; and while the Chemist examines them sepa- 
rately in his closet, the Mineralogist studies their combi- 
nations in the field. 

It may, perhaps, be imagined that innumerable com- Minerals, 
binations are derived from these fifty-four primary ingre- 
dients. But as mauy of them arc excessively rare, as 
the remainder combine only upon certain principles, the 
number of mineral species really determined is, in fact, 
very small, perhaps hardly exceeding 300. Nor is the 
Geologist always called upon to make himself acquainted 
with all even of this moderate number. Unless his 
labours are devoted to the detailed phenomena of vol* 
canic productions, or of mineral veins, he will seldom 
hive occasion to observe . more than one-tenth of the 
number. The reason of this is that a large portion con- 
sists of rare and local species, and that in combining to 
form rocks, the others are associated in families, and 
united into specific compounds without much per- 
mutation.' Thus quartz, felspar, hornblende, chlorite, 
and mica, frequently occur together in granitic rooks, 
but other minerals, as calcareous spar, &c. scarcely ever 
accompany them. Jn consequence, then, of the rarity 
of many minerals, and the uniformity of the assemblage 
of others, there is really much less difficulty than might 
be expected in recognising and discriminating the rocks. 

To class and to describe them is difficult, to compare and 
to know them Is easy. 

Supposing, then, that the student lias already made 
himself acquainted with the more common and remark- 
able rocks, as limestone, sandstone, and clay, various 
kinds of slates, basaltic, |>orphyritic, and granitic rocks, * 
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a. ,i,» K y. we ahull now proceed to inquire in what mauner they 
1 ure arranged in the Earth. 

Stratification . 

The best way of prosecuting this inquiry, is to begin 
* at home, where precise information can bo most easily 
acquired ; next to compare ouv own with neighbouring 
i districts ; and, Anally, extending our views over the 
whole surface of the Globe, to class the phenomena, and 
deduce tbe general results. - 

Arrange- It might be very excusable before Countries were 
me»t ok* cleared and cultivated, and before their various mineral 
the iiirface. productions were employed and understood, to imagine 
’ that the materials of the Earth were heaped together in 
confusion, the result of a chaotic formation ; but at 
present, such a notion will not stand the test of u mo- 
ment’s reflection. One district has chalfc beneath the 
surface, another limestone, a third coal, and a fourth 
granite, and these are never mixed or confounded toge- 
ther; so that the most careless observer must conclude 
that the different rocks are arranged after some ascer- 
tainable method. These different rocks are not mere 
insulated patches irregularly scattered through the 
country, but generally connected ou the surface in long 
ranges, which in all the Eastern half of England have 
their prevadiug direction from North-East to South- 
West, Tims the chalk of the Yorkshire Wolds is pro- 
longed (sec the Map of the British Isles) through Lin- 
colnshire, Norfolk, Suffolk, Bedfordshire, Wiltshire, 
Dorsetshire, &c ; the oolitic limestones range through 
Lincolnshire, Northamptonshire, Gloucestershire, and 
Somersetshire; and many other limestones and sand- 
stones hold a parallel direction. Hence it happens, in 
proceeding from London toward the South-West, West, 
or North-West of England, we cross so great a variety 
of rocks, and so many rauges of hills. 

A person proceeds from London to North-Wales. 
After passing low, gravelly plains in the drainage of the 
Thames, he climbs, by a long slope, the chalk-hills of 
Oxfordshire ; crosses vales of clay and sandstone ; as- 
cends a range of oolitic limestone ; traverses wide plains 
of blue and red marl ; arrives in districts where coal, 
iron, and limestone abound ; and, finally, sees Snowdon 
composed of slate. And if, in proceeding from London 
to the Cumberland Lukes, he finds the same succession of 
gravelly, plains, chalk hills, clay vales, oolitic limestone 
ranges, blue and red clays, coal, iron, and limestone 
tracts, succeeded by the slate rocks, which compose the 
well-known summit of Skkldaw, will ho not conclude 
that something beyond mere chance has brought toge- 
ther these rocks in such admirable harmony ? Will he 
not have reason to conjecture that in the interior of tile 
Earth regularity of structure must prevail ? 
later nal This conjecture becomes certainty when we explore 

arrange- the relative position of rocks as it is displayed in wells, 
pits, quarries, and mines, the works of human industry, 
or laid bare in cliffs and ravines by the hand of Nature. 
Here we see the rocks formed in layers or tabular masses 
of various thickness, but always of very great superficial 
breadth or extent and placed upon one another like the 
leaves of a book* These layers are called strata. Along 
the edges of hills, in the, course of precipitous valleys, 
and by the margin of the aea, it not only is not difficult 
to recqpise this truth, but it is almost impossible to 
avoid perceiving it. 

. Many parts of the English coast present what is 


termed a natural sectfon of the rocks, and accordingly Gaolpoy. 
whoever visits the shores of Northumberland, York- ^h. i. 
shire, Kent, Hampshire, Cornwall, South-Wales, or 
Cumberland, may easily satisfy himself of the stratifi- 
cation 'of most of the limestones, sandstones, clays, and 
slates of England. For most of the cliffs are composed 
of several distinct layers of rock, which, are piled one 
upon another in a regular order, preserve a definite thick- 
ness, and appear under the same circumstances in many 
distant places. In tbe interior of the country the same 
conclusion is to be drawn from examining precipitous 
hill 9 and deep valley*; and even in the flattest country, 

Art supplies the means of investigation which Nature has 
denied. Tbe wells, and pits, and mines, which have 
been found necessary for the comfort of civilized Man, 
all display the same general truth, and lead us to con- 
clude that the principle of stratification among rocks is 
coufined to no particular Country ; but whether in the New 
or the Old World, in Continents or in Islands, it is so re- 
markable and so constant, that colliers sink deep pits, and 
miners undertake extensive levels, in full confidence 
that* no exception to its generality will affect the result 
of their enterprises, ltjs not a speculative truth, but a 
practical law of Nature, and is probably the fact of most 
extensive influence in the whole Theory of Geology. 

So many important facts respecting stratified rocks 
flow in together upoii the observing mind, that it is not 
easy to analyze them in the exact order of their occur- 
rence. A person attentive to the subject cannot fail to 
discover, even in a very limited district, that the different 
strata which appear above one another, like the leaves 
of a book, are also, like them, arranged in a certain 
constant order of succession. A stratum which in any 
one situation is found beneath another will never, in 
any other situation, be found above it. 

As a bookbinder sometimes neglects to bind in a par- Super 
ticular leaf, so Nature sometimes omits a particular Pj| g,tl011 
rock ; but she never misplaces the rocks, as the careless 0 s ra a ‘ 
workman sometimes misplaces his pages. Let us take, 
as an example, the cliffs on the Coast of Yorkshire, be- 
tween Fhunborough Head and Robin ho oil's Bay. 
Gristhorp Cliffs are crowned by calcareous sandstone 
rocks, which rest on a thick, bluish, argillaceous bed ; 
under this is a brown, ferruginous sandstone, am], still - 
lower, a thin, calcareous layer full of fossil, ehells. In 
Scarborough Castle Hill, the same calcareous sandstone, 
argillaceous bed, brdwn ferruginous rock, and fossil bed, 
occur in the very same order of succession. Or let us 
station ourselves at Leeds, and examine the coal-pits of * 
the neighbourhood, notice how many seams of coal are 
cut through, and what beds of sandstone and shale, and 
what layers of ironstone are met with. Then, inquiring 
of the workmen, we shall learn that the same (i set of 
beds’' is wrought at another pit. At this other pit 
we shall find the same beds of coal in the same order of 
succession, at nearly the same distances from one another, 
and ofi nearly the same qualifies and thicknesses; and 
this strict analogy will be found at several pits over a 
considerable extent of ground, and, therefore, here, as 
well os on the coast, we obtain proof that in a limited 
district the strata are arranged with respect to one 
another in a certain constant order of succession. 

Pursuing our investigation, we find that the strata Dedina- 
are generally so disposed that their planes or broad sur- tion of 
faces are not exactly level ,or parallel to the Earth’s strata * 
spherical surface, but sloping in some one direction, bo . 
as, in that direction, to sink deeper and still deeper 
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Oenlofly. into the Earth, and to be covered by other strata. This 
Xlh. L slope, this deviation from the horizontal position, is 
called the dip or declination of the strata; and the 
rocks are accordingly said to dip or decline to t-Jm 6r 
that part of the horizon. The different rocks which 
compose the interior to a considerable depth are, there- 
fore, in consequence^ of this declination* exhibited in 
succession on the surface, and hence it is that mankind 
is furnished' with a vast variety of mineral productions 
suitable to its numerous necessities. 

Continuity Any one thus far initiated in' Geology, and possessed 
of strata, 0 f common powers of observation, wilt be able tocom- 
pose a list or scale of the strata which occur in his 
own neighbourhood, aflm^ng them in the exact order of 
their succession or superposition, and thus will be furnished 
with the means of comparing his own" district with 
others near and distant. The results of this comparison 
are very important, for we thus learn that one general 
order of sncccssiou is observed among all the strutted 
rocks of England, Certain strata are locally deficient, 
but all those which do occur together are found inva- 
riably in the same relative position. The series of stra- 
tified rocks in the North of England, taken in a general 
way, is expressed by the following names : clpilk, gault, 
Kirnmeridge clay, coralline oolite and calcareous grit, 
Oxford clay and Hackness rock, cornbrash and Bath 
oolite rocks, lias shales, red marl and sandstone, mag- 
nesian limestone, coal system, mountain limestone, 
slate. The series in the Southern parts of England is 
precisely accordant, except that the magnesian limestone 
is there nearly deficient, and that the Kirnmeridge day 
is co\ered by some strata which do not pass the river 
Humber. Besides, we find the strata of the North of 
England actually connected by mutual extension with 
those of the same names in the South of England, so 
that wc thus prove their continuity over large tracts , as 
well os the constancy of the order of their succession. 

By means of these comparative observations, begun 
by Mr. Smith in 1790, and continued with unabated 
zeal by his numerous disciples, the whole series of Eng- 
lish stratified rocks has been ascertained, and arranged 
in tabular order; and the Geologists of England have, 
in consequence, furnished to the rest of the world a 
standard of comparison, by which to determine how far 
the laws of stratification disclosed in this Island are 
applicable to other Countries. 

Stratifica- Considerable labours remain to be accomplished be- 
tiou age- f ore CV en the stratified rocks of Europe can be com- 
neralprm* p] e t e ly compared with those of England, and the want 
cip0, of evidence is still more severely felt with respect to 
the three other quarters of the Globe. Nevertheless, 
the following important general results may be regarded 
as certain. The principle of stratification is found to 
be universal ; that is to say, in.every Country of suffi- 
cient extent, various rocks are found to be superimposed 
on one another in' a certain settled order of succes- 
sion, and these rocks are not found only in insulated 
patches, but often hold their course across Provinces and 
Kingdoms. 

Throughout [the whole area of Europe, from the 
Oural mountains to the Atlantic, and from Lapland to 
the Mediterranean, the r stratified masses of the Earth, 
taken in their generalities, are arranged upon the same 
principles, follow one another in the same 'exact, order of 
succession, and, in fact, form p$fls of one vast system 
of rocks, once more perfectly connected than kf present. 
What is known of the Geology < of North Africa' 
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Syria, the Countries bordering on the Caspian, Geology. 
Siberia, and Hindustan, leads to a confident ‘belief Ch. I. 
that th£ same general system, modified by local oimun- 
' stances, will be found applicable to the greater portion 
Qf the surface of the Old Continent. 

- ; Important agreements between the strata- of North Aimioay of 
America and New Holland and those of Europe, have d,! *‘*“‘t Ue- 
been already determined, and the time will probably at l>osl<s * 
last arrive, when, if it cannot be proved, as Werner per- 
haps imagined, that similar rocks were at the same time 
deposited in every part of the bed of the ancient sea, at 
least it will be possible to show that the same system of 
natural processes was every where in progress, contem- 
poraneously or successively producing analogous effects ; 
and to ascertain the relative antiquity and accompanying 
circumstances of even the most distant deposits ; and . 
thus to exhibit,- in chronological order, a history of all 
the varied yet harmonious operations, by, which, in 
regular gradation, this Globe was filled with long- 
enduring monuments of the everlasting power and wis- 
dom of its Creator, and made fit to be^ inhabited by a 
Being capable of interpreting the conditional effects, re- 
cognising the appointed agency, and venerating the 
universal Cause. 

* * 4 

Distinction of Stratified and XJnstratified Rocks . 

Stratification is, therefore, the most general condition, Helalivo il- 
or ‘mode of arrangement of the rocks which appear in* uatio^l, 
the crust of the Earth ; and in the wide plains and 
gently undulated portions of the surface, it is often the 
only one discoverable. A person of good discernment, 
who should pass his whole life in investigating the 
South-Eastern part of England, or the Northern part 
of France, might conclude, from every observation 
he could there make, that the external materials of the 
Earth were universally stratified. 

On the other hand, the inhabitant of the hionntains 
sees so many examples of granitic rocks, totally devoid 
of any appearance of stratification, and sometimes finds 
that structure in the slate rocks So dubious and incon- 
clusive, that he is wholly unable to comprehend the 
magnificent chain of inductions derived from the study 
of stratified rocks. Unstratified rocks generally abound 
along mountain chains and groups, and very often form 
their axis or nucleus. Stratified rocks fill the plains, 
and form, the encircling flanks of the mountains. When 
a vast mass of unstratified rock, as granite, forms the 
' nucleus of a mountain group, the stratified materials 
which surround it, generally slope away on all sides, 
as if the granite had been protruded from below tlie^e 
strata, and, during the act of its uplifting, had broken . 
them, and caused them to assume their several inclina- 
tions. Other unstratified rocks, as basalt and porphyry, 
appear amongst Jhe stratified rocks, sometimes in irre- 
gularly lenticular masses, as' if they had been spreud 
in a melted state around , a common centre, sometimes . 
filling long vertical fissures in the strata, as if they had 
been injected from below. ' 

On comparing together the stratified and unslmlified Mineral 
rocks, we find their ifiineralegical composition extremely characters, 
different. The spral\fied rocks are earthy aggregates, 
as sandstones, clays, or simple Chemical precipitates, us 
limestone ; such materials, In fact, as wc know to be 
accumulated in the same mode of arrangement by 
ftipdern waters. 

The unstratified rocks , on the other hand, are gene- 
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rally $md evidently crystallized masses, often analogous 
to volcanic products, or compounds containing mcn- 
tially minerals which arc not known to be producible 
from water, but in several instances ore obtainable by 
artificial heat, or generated in the deep furnaces of 
which volcanic mountains are the vents. 

St ratified, rocks hava, evidently been deposited suc- 
cessively from above; "the lowest first, the uppermost 
last, in obedience to the laws of Gravity. 

Uostratified rocks, on the. othei hand, seem to be 
derived from tile depths of the Earth, and to have been 
ejected or uplifted from below the Strata, as volcanic 
matter is protruded at the present day. 

Stratified rocks contain very generally the remains of 
the plants and animals which were in existence at the 
period of their formation, exactly as remains of the 
present races of plants and animals are found buried in 
the modern deposits of water. 

But unstratified rocks contain no such evidences of 
watery origin or mccltanical aggregation. 

Hy all these characters, separately and comparatively 
considered, the' two great divisions of materials Which 
compose the external purts of our Globe, are proved to 
have been produced by entirely opposite causes. Stra- 
tified hocks are analogous to the modern Products 
of Water, and are therefore culled Neptunian, while 
ijn strati fled UOCK9 urc analogous to the modern 
products of subterraneous fire, and receive the 
names of Plutonic and Volcanic, according to the de- 
gree and circumstances of this analogy 

The distinction now insisted upou, between the Nep- 
tunian and Plutonic formations, between stratified and 
crystallized rocks, is of the highest importance, and de- 
serves the flrat notice, even on the very opening of the 
subject of Geology, For not only arc these different 
classes of rocks distinguished by most important general 
characters, but even the methods by which they arc to be 
investigated, and the preliminary knowledge required for 
this purpose are entirely distinct. Amongst the stra- 
tified rocks a knowledge of Zoology and Botany is 
required to devclope the past history of innumerable 
remains of plants and animals, which were buried at 
successive periods ; on the contrary, among the moun- 
tains associated with granite, where minerals of every 
hue and form appear in every clitic rent combination, 
scientific Mineralogy is of much higher importance. 

In consequence, Geology divides itself into Uvo 
branches, one of which links itself with the Natural His- 
tory of modem plants and animals ; ami the other with 
Chemistry and Mathematics. And we have now, and 
have always had two distinct groups of Geologists, 
whose progress mid discoveries have been as different as 
the preliminary knowledge which their different spheres 
of research required. 

A Geologist of adequule attainments must indeed be 
supposed acquainted, at. least generally, with both 
branches of this magnificent subject, and therefore o per- 
son entirely iguorunt either of Mineralogy, on the one 
hander of Zoology and Botany on the other, must be 
considered os only half-educated. He may, indeed, be a 
very useful local observer, but he must be further in- 
otructed .in his Science before he can be scut to explore 
an unknown region, or permitted to give an opiniou 
on the whole Theory of ueology. 

As much knowledge, therefore, as cau be easily gained 
of the minerals which enter moat frequently into the com- 
position of rocks and veins, and of tfig Natural History of 


(he plants and animals whose remains lie buried in the Geology, 
strata, is absolutely necessary to every professed Geo- Ch. lv 
legist. Yet on this account tlie student ought by no 'w*- v .*-** 
means to be discouraged ; for this preliminary know- 
ledge will be quickly, though insensibly, acquired by 
an intelligent observer, in exact proportion to his need 
of it* In a level country composed of limestone, sandstone, 
and clay, tbe multitudes of organic remains which conti- 
nually meet his eye will infallibly procure him the 
power of discriminating their specific forms; and among 
the mountains associated with crystalline granite, the 
endless repelition of the objects will generate a Mine- 
ralogical tact iii the eye, and a Mechanical if not Mathe- 
matical notion of the structure of crystals. 

The suinrmuy observations which will be introduced 
in this Treatise on the preliminary Sciences of Zoology, 

Botany, -and Mineralogy, will be placed with those divi- 
sions of the subject to which they respectively belong, 
and where they will be the most intelligible ub well as 
the most useful. . 


On Stratification in general 

Strata , layers, and beds, are synonymous terms, strata, the 
44 Strata,” says Professor Playfair, “ can only lie formcd*!’ nu . liu ’ 
by seams, prhich are parallel throughout the entire mass.” iulu ‘ 
This definition, founded upon the supposition that loose 
materials deposited under Water must be arranged in 
layers parallel to the surface of the water, undoubtedly 
contains the general or fundamental idea of stratification, 
but is often too abstract for practice. The mast remark- 
ably regular and parallel seams or division's between the 
strata happen in calcareous and argillaceous rocks; but 
the partings in sandstone are much less uniform. A 
particular shelly bed of stone lies at the top of the coraf- 
line oolite of York shire, jund may be traced for a great 
distance ; -a red band, long.since noticed by Lister, lies 
at toe base of the chalk of Yorkshire and Lincolnshire 
for sixty miles in compass ; the corubrash limestone, 
seldom more than ten feet in thickness, is continuous 
from Dorsetshire nearly to the Humber. In these in- 
stances, therefore, Playfair’s definition applies very well ; 
on the contrary, the beds of sandstone with coal which 
are interposed in the oolitic system Of Yorkshire, are 
altogether 500 feet thick near 'Robin Hood's Bay, but 
dwindle toward the South, and arc entirely deficient 
before reaching the Derwent. 

Sucli beds are therefore wedge-shaped ^ 
and cases sometimes occur where, by attenuation in all 
directions from the centre, they become lenticular. See 
pi. i. fig. L for these and other appearances.- 

The strata, therefore, are not all coextensive, time- Interposed 
stones urc probably the most persistent and regular, strulu - 
sandstones the most limited and local. Local or inter - 
posed beds cause the principal differences between dis- 
tant portions of the same formation. 

The lias of England rests immediately upon red and 
bluish pearly clays with white gypsum: at Luxemburg, 
they are separated by a thick sandstone. In the North 
of England, magnesian limestone separates the coal 
from the upper red sandstone, but in other parts of the 
Island these two formations are in contact. Iq the 
breast of Inglcborougb, (he limestone beds are aggre- 
gated into one vast mural precipice or scar; but as we 
proceed Northwards this mass opens to admit layers of 
sandstone, shale, aud coal, which gradually increase 
under rrqpsfell, and swell out to a vast thickness in 
Northumberland, sous to contain several valuable seams 
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of cmd, thick rocks of sandstone, and abundance of shale, 
between the horizontally separated beds of limestone, 

. The oolitic strata near Bath are composed of two 
portions, the upper or great oolite and the lower, oolite, 
and between them is a series of calcareous and argil- 
laceous beds called fullers’ earth beds, sometimes 1 50 
feet thick. As we proceed Northward into Lincoln- 
shire, the fullers’ earth beds are excluded from the 
series; still further North the whole series 19 changed ; 
so that in Yorkshire it includes thick layers Of sand- 
stone, sliale, and coal. On a first view the districts of 
Bath and Yorkshire afe very unlike, but the contem- 
poraneity of their disposition is certain from the continu- 
ation of the same oolitic beds through both of them. 
Thickness. The thickness of the Beds or strata varies exceedingly 

and seems to have reference to the rapidity, regularity, 
and continuity of. thte deposition and the rate of drying 
or consolidation of the materials. 

The chalk rock iq about 500 feet thick, and in' all 
this great mass wc can scarcely trace any decided beds ; 
though the layers of flint at equal distances, (four to right 
feet,) and the difference of the organic remains at different 
depths, evidently prove a succession of stratified deposits. 

The great oolite near Bath is on the contrary divided 
into a certain number of beds, definito in quality, 
Lamin.T. thickness, and order of position. 

A certain stratified rock, therefore, Is composed of one or 
more layers or strata, but this js by no. incans the last term 
of the analysis. Each bed is often composed of many 
laminae which are sometimes parallel to the plane of the 
bed itself, and sometimes lie in it at different angles. 
Thus micaceous laminated sandstones, and in particular 
the best flagstones of the coal districts, are composed of 
a multitude of thin layers parallel to the plane of the 
bed, and entirely covered by plates of mica which pro- 
bably cause the splitting of the stone. This appearance 
is very analogous to the laminated .sand quietly left by 
the successive floods of a river. 

But the coarser flagstones of the same coal districts 
are often composed of laminae, laid at various angles to 
the plane of the bed, and in consequence producing a 
rough, uneven, shallcry surface, and a tendency to 
oblique fractures ; thus, in pi. i. fig. 2. a represents the 
regular, and b the coarse, irregular flagstones.. 

Such appearances of oblique lamination are occasion- 
ally found in the modern sediment of agitated waters, 
both in the banks of rivers and on tiic sea-shore. 

When these .oblique him i me extend through thick 
beds, they sometimes cajpte a slight difficulty in deter- 
mining the dip of the strata, and ore then calledyjr^e bed- 
ding. Some of the coarse upper beds of the great 
oolite of Both’, Gloucestershire, Northamptonshire, and 
Lincolnshire, as well as of Normandy, are remarkable 
for this false bedding. 

But it is in % the coarse sawklones that wc sec the 
mast remarkable examples of this structure, as on the 
Scarborough coast and under Nottingham castle. 

* The more violent the action of water, the less regular 

is the internal constitution of the layers found be- 
neath it' Let airy one with this view compare the effects 
of the tide beating upon the sand and pebbles of the 
Eastern coast, or the tutnultoQus products of a mountain 
river, with the tranquil deposit end sediment on the allu- 
vial lands near Lynn ondnenr Hulk In the former case, 
the materials are freqitenily found hiedped together in 
lamina, variously and confusedly indited to one ano-‘ 
ther ; in the latter they are all pataHcl to the horizon* 
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s to the general plane of the surface. The former Geology, 
case- is exactly analogous to the falsc-hedding mentioned Uli. 1. 
in a preceding section, so general in our suwlstnne con- 
glomerates, and in shelly beds of oolite; the latter is 
exactly like the regular lamination of clays and shales. 

Like effects flow from like causes, and thus wc arc 
enabled to frame very plausible conjectures concerning 
the condition of the waters 'binder winch the several 
strata were accumulated. 

In the same way ns a number of similar lnmiiiic are General 
sometimes united into one bed of stone, so several simi- terms, 
lar beds of stone, are sometimes associated into one rurk, 
to which a specific name ia applied, as the Oolite, the 
Lias Limestone, &c. 

, Sometimes several of these rocks are grouped under the 
title formation, as the Bath Oolite Formation. Thus 
in the lias limestone-beds, the lower li&g clay, marl- 
stone-beds, and upper lias clay, as* represented in pi. i. 
fig. 3. are all included in the Lias Formation, which 
rests upon the Run Sandstone Formation, and is 
covered by the Bath Oolite Formations.. 

The following Table exhibits n complete view of the Seric* of 
whole series of British strata, grouped according to their Bntiuh 
relative antiquity into three leading divisions, the Pri- 
mary, Secondary, and Tertiary strain ; it being under- 
stood that such divisions arc chiefly adopted for conve- 
nience, as expressing with considerable accuracy certain 
general analogies of origin, composition, and organic 
contents, which prevail amongst the members of each 
division, but yet arc not to be considered as exclusively 
belonging to them. 

Two of these divisions are again subdivided upon 
exactly the same principles into systems of strut a, which 
are marked by certain recurrent rocks, striking analogies 
of composition, organic reliquirc of similar tjpes, and 
positions derived from convulsions of the same epoch. 

The s) stains are again usefully divided into formations ; 
these into their several component rocks ; whose ultimate 
analysis gives the strata, beds, and lamimc of composition. 

The superficial accumulations of gravel, sand, peat, Ac., 
which are classed under the head of diluvial and allu- 
vial deposits, are not included in this list of 'strata. 

For the sake -of the student to whom the mode of 
considering the sequence of rocks may not be familiar, 
the strata are here placed in the same order us they 
would be found on proceeding from the surface down- 
ward. This Table should bo compared with that of 
Mr. Smith, p. 633, and of Werner, p. 531. 

TiiitTXAnv Series of Strata, 
partly lacustrine, but principally marine, snndv, and ar- 
gillaceous, and with some calcareous deposits, abound- 
ing in shells 6nd other organic exuviae, closely analo- 
gous to existing species. 

L'puvil thlckurwa 

Formation*. " of Formutiuo, * Stratified Group*. 

Toot. 

1. t T pper mutias \ J Sandy crag with ahull*. 

formation . ] _•••••«•••• 25oopliytic limeatqae. 

Upper freshwater limestone 

2. Mjannolaens- 1 jqq Intermediate murine be* I. 

trine Lower freahwater limeafono 

■ \ and' maria, 

( London galliot sand, 
elay iA>»dou cloy; 

3. Lowurumrine \ 10Q0 or, / l i| ak ti e c i». w »), tolunrrrt 

formation » ) more. Plastic ^ sand* and lignite*. 

clay finally blue claya a-ntf bund*. 
ff rou l*' l Pebbly given buiula. 

4*2 
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ttiualt but vague classification, to distinguish this Geolqgy. 
Secondary Series op Strata, eystem into upper or fowiiiferous, and lower, or ch. 1 . 

, • . , - • t •.*' . . ■ . . non-fossiliferous slates and limestones. .... 

principally of marine origin, with rare and local estuary Gneifg ftnd mica sthist Hy ^ eittt including mica schist, chlorite 
deposit* ; consisting of repeated alternations of lime- schist, hornblende schist, quarts rock, primary 

stone, flint, sandstone, sand, clay, iron ores, coals, suit, - limehtono, gneiss, &c. 

&c., with organic remains generally \ery distinct from Granitic rocks, which are not stratified, usually form the bnsis tof 
existing forms of animats jttod plants. * * the strata, unU aru frequently but not by any means universally fob 

* ^ lowed by the gneiss and mica slate system. 

„ CreWtow t System. 


Formation. Thickness. 

w Feet. 


4. Chalk....... COO 


6. Greensand... COO 


Strut Mod Groups. 

/Upper soft chalk with flints. 

I Middle harder chalk., 

| Lower marly chalk, 
tiled chalk. 

i Green and grey sands. • 

< Gault clay. 

I Iron sand or lower green sand. 


6* Wealden 


7. Upper oolite . 400 


8. Middle oolite 


9, Lower oolite. • 


10. Lias . 


11. Variegated 
sandstone. 

( Paci/ite, 
.Conyheare.) 


12. Magnesian 1 
limestone J * 


13. Coal 


14. Mountain 1 
limestone > * 

15. Old red J 


sandstone 


Oolitic System. 

J Weald clay and Sussex marble. 
IlastingN'uuid* and limestones. 
Purheck limestones and cUye. 

{ Portland oolite and other lime* 
stones. 

Kitumerklge clay. 

Coralline i Upper calcareous grit, 
oolite ) Coralline oolite, 
group. I Lower calcareous grit. 

Oxford r Oxford clay. * 
clay | Kelloway calcareous grit rock, 
group. I Clay. > 

Cotnbrash limestone, v 
Forest marble and sands. 

Great oolite. 

Fullers’ earth, rock, and clays. 
Inferior oolite. . 

Ferruginous sand. * 

Upper lias clay, or shale. 
Marlstone beds, sandy and cnl- 
1 car eons. 

\ Lower lias clay, or shale. 

I Lias limestone. 

V Dark morls. 

Saliferous System. 

-Variogaled marls; gypsum, ami 
salt. 

Red and white sandstone. 

Red sandstone conglomerate. 
Red auil white marls. 
Laminated limestone. 
Gypseous red and white marls. 
Magnesian limestone. 

Marl slate. 

.KothctodteJiegende, 

Carboniferous System . 

1 Alternating. 

Sandstones. 

Slmles. 

Coul*. 

Ironstones, Arresting on 
Millstone grit. v 
' | Alternating. 

I Limestones, 

....... < Shales. 

I Gritwtoncs. 

I Scams of po&L 
.Conglomerates. 

....... 3 Flagstones. 

\Rod and white marls. 


ed 1 -v / 

u { 


Disturbed Stratification. 

All strata, says Cuvier,- in his admirable “ Discourse Strata ori- 
on the Revolutions of the Globe, 0 must necessarily have pnally 
been formed horizontal rand this opinion, founded upon 1<!Ve * 
the admission that rocks composed of regular layers, 
containing rounded pebbles, and- organic remains ot 
watery animals, can only have been formed under water, 
is supported by observation. For not only do we see at 
the present day the deposits of water arranged In planes 
nearly or exactly horizontal, but we also find the ancient 
strata of the Earth, where undisturbed by convulsions, 
very nearly level. Inconsequence of thesedisturbanccs 
the strata are seldom found to be perfectly horizontal, 
but are often inclined at high angles, and in a few in- 
stances stand directly vertical. Their planes arc gene- 
rally continuous over large spaces, but they are some- 
times broken and dislocated by faults or dykes. - It is 
now generally admitted that the usual horizontal dispo- 
sition of the 'strata is derived from the action of the 
supernatant waters which accumulated them ; and that 
the irregular declinations and fractures which we some- 
times behold; arc the effects of subterranean convulsions, 
chiefly occasioned by internal expansion. The truth of 
these opinions will appear from a few plain considera- 
tions. - ♦ * ■ 11 , 

Earthy matter deposited from water by tranquil sub- Subse- 
sidence, as clay and limestone, or accumulated during quentiy Ji* 
periods of moderate agitation, as sand and sandstone, turbed. 
must in general be accumulated into layers or strata, 
proportioned to the interval of deposition ; and these 
layers* in consequence of the fluctuation of the water ami 
the influence of gravitation, will especially tend to be 
horizontal. Nevertheless they must, in a considerable 
degree, accommodate themselves to the surface on which 
they are deposited. If the bottom be level, so will be 
the deposit ; if sloping, the deposit will be inclined ; but 
if there be a perpendicular subaqueous cliff, no deposit 
can fall upon its face, nor any transported materials be 
accumulated parallel to it. Aji originally perpendicular 
layer or deposit of earthy materials is obviously im- 
possible. Whenever, therefore, we behold ■ vertical 
strata, we may be quite sure that- they were not depo- 
sited in that form, but have been displaced by some in- 
ternal movements of the Earth. Abundance of in- Vertical 
stances of this remarkable position of strata may be strata, 
quoted in almost any part of the World. The Isle of 
Wight gives us a magnificent series of strata 1100 feet 
in thickness, reared into an absolutely .vertical position ; 
and this effect is the more remarkable, because the* ‘ 
materials uplifted consist of many strata of loose sands 
. and pebbles which most certainly have been deposited 
level. In life Western borders of Yorkshire, vertical 


Primary Strata, 

containing organic remains, mostly of extinct tribes, and 
only in the upper part of the scries. . 

Slats system, including marry great divisions which eventually 
may be classed in ft>nn#i<ms, according to their 
. organic remains and hands of limestone, . It is a 


strata of limestone range for miles parallel to the edgq 
of the Pfenpine chain, and turn Eastward * through 
Craven, below Ingleborough an<^ Penygant to Settle. 
Magnificent examples of vertical strata are familiar to 
those who have visited the cliffs of Savoy, or who have 
perused the graphic descriptions of S&ussure. - 
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JPoio gy. There are some remarkable instances b f contorted 

Cl u 1. stratification very difficult to be explained without sup- 
posing the strata to hfwe been soft at the time of the 
strata^ 61 * ^ exur ®« Not to dwell on inferior examples, we shall 
**' quote the magnificent phenomena of this kind which 
are seen in the valleys of Chamount and Lauterbrun, 
and, along the shores of the Lake of Lucerne, near 
Fluellen; The stratified limestones of these localities 
are bent into such extraordinary rctroflexions, as fo im- 
ply repeated operations of the most violent Mechanical 
agency, in different directions ; and observations along 
the range of the Alps prove that the whole of this chain 
has been the theatre of enormous and reiterated con- 
cussions. (pi. i. fig. 4.) 

Faults. . . But the most remarkable case of disturbance is when 

strata, either horizontal or inclined, are broken, so that on 
one side of the line of fracture the rocks are much higher 
than on the other. This difference of level some- 
times amounts to 1 00 or even 200 yards. The succes- 
sion of strata is on each side the same, their thickness and 
qualities are the same, and it seems impossible to doubt 
that they were once connected in continuous plane9 and 
have been forcibly and violently broken asunder. 

The plane of separation between the elevated and de- 
pressed portions of the strata is sometimes vertical, but 
generally sloping a little. In this case a peculiar 
general relation is observed between the inclination of 
this plane and the effect of the dislocation. In the dia- 
gram, (pi. i. fig. 5.) for instance, the plane of separation, s s, 
slopes under the depressed, and over the elevated pol l ions 
of the disrupted strata, making the alternate outer angles 
z 2 6, z' z'b' acute. In more than a hundred examples 
of such dislocations which have come under the notice of 
the writer of this Essay, he nevefr found an exception to this 
rule. A similar law is found to prevail very generally ill 
the crossing of nearly vertical mineral veins ; for instance, 
(pi. i, fig. 6.) a a are two portions of a metallic vein 
dislocated by another vein, b b. In this case the relation 
of. the line 6 & to the lines a a, is the same as that of 
s z to the lines a a, b b t c c, &c. The contrary ap- 
pearances, had they .occurred, would have been as 
represented below ; and such occur in the mining dis- 
trict of Cornwall together with many other singular phe- 
nomena, apparently referable to subterranean disturbance, 
perhaps complicated with other causes, but which are 
with difficulty reducible to any simple mode of explana- 
tion. 

‘ The line of dislocation is generally distinguished by 
a fissure, which is filled by fragments of the neighbour- 
ing rocks, pr by basalt, and is then called a dyke i or by 
various sparry and metallic minerals, and is; then called 
a mineral vein . t t 

Relative The irregular operations by which these disturbances 
of tho and dislocations were occasioned, seem to have htfp- 
di due utio ii. -pened at various periods during the formation of the 
strata. , We know, for instance, examples of horizontal 
strata, as ah (ph i. fig. 7.) resting upon highly in- 
clined strata,, x y z, which must have been forced into 
their unnatural position before the deposit of the level 
strata upon them.. * 

Such a case occurs in Somersetshire, yvhere the coal 
measures lie at a steep slope beneath horizontal beds of 
rpd marl. - These coal measures are also greatly broken 
by faults which in Some cases thrdw or elevate tho beds 6n 
one side more than seventy fathoms above those on the 
other side. But the beds of red marl above ar& alto* 
‘gethet uninfluenced either by the steepness of the dip- 


or the abruptness of the dislocations. Therefore the Oeotopr. 
convulsions by which these effects wete occasioned, hup- _ , 
pened after the deposit of the coal seunis, and before 
the deposit of the red marl. 

At Aberford in Yorkshire, and at many other points 
along the line of the magnesian limestone between Not- 
“ tinghatn and Sunderland, similar examples occur. 

•In such cases the discordance of inclination between 
the superior and inferior strata is expressed by the term 
unconformity , and the rock is said to lie unconform - 
ably upon the lower. 

By pursuing this investigation in different situations, Priuciiml 
we find that these internal movements or convulsions epochs uf 
happened At intervals during the whole period of lime co,lvulsio11, 
occupied in the deposition of the. strata. The most pre- 
valent and remarkable cases of dislocation and uncon- 
formity are however observable : 1. immediately after the 
deposition of the slate series ; ( [Transition senes of’^Wer- 
ner ;) 2. after the accumulation of the coal system ; 3. 
after the deposition of the oolitic rocks ; 4. after the de- 
position of the chalk ; and 5tlily, ouc of the most 
recent probably .of all, after the completion of almost all 
the formations above the chalk. .It is not to be sup- 
posed that all even of these principal cases of disloca- 
tion can be recognised in every Country ; on the con- 
trary, the subterranean forces appear frequently to have 
shifted their points of action. 

We shall have occasion to show, while speaking of the 
organic remains, that there is sometimes observed a 
singular harmony between these periods of extraordi- 
nary internal disturbance and the several cpochus when 
the different races of animals and plants came into 
existence ; and it is not unreasonable to suppose, that in 
this manner it may be hereafter found possible to establish 
such a relation between, the internal and external condi- 
tion of the Earth, as to nfford the greatest assistance 
towards defining the agencies which have produced 
changes so extensive aud repeated in both. 

At present, restricting ourselves to the phenomena of Proximity 
elevation and disruption of the strata, we shall carry of moira- 
our inductions one step further lor the purpose of tfl ’ ns * 
proving* what was before announced, viz . that these 
disturbances were connected with the effects of internal 
fires. . 

We shall assume then that granitic, and basaltic or 
trappenn rocks, and others exhibiting the same pheno- 
mena, were crystallized from a state of igneous fusion, 
and were, sometimes in a fly id and sometimes in a solid 
state, impelled upwards from the interior of the Earth, 
as analogous substances are now raised fluid through 
volcanos, or lifted solid by earthquakes. 

In proportion as we approach the mountains where 
the greatest violence! was exerted to break up Hie strata, 
raise the granite, and inject the basa&ic dykes, we find 
the dislocations increased in number and importance, 
and the confusion of the stratification more preva- 
lent. 

The central nucleus or axis of many mountain dis- 
tricts is a mass, or a series of masses of granite and 
other unstratified rocks, from which on all hands the 
strata are found dipping at high angles, in such ca^es 
there can be little room to doubt that the elevation of 
ihe t mountain ranges* aud the disturbance of the strata, 
was occasioned by the same violence which uplifted the 
granite. %c pi. i. fig. 3. 

The area of granite disclosed between the opposite 
slopes of slate, is indefinite, sometimes very large, 
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Geology, sometimes very small, sometimes it » entirely cohered 
Ch. I. o\er by the slate, which it has uplifted, but not perforated. 
The general analogy in the composition of mountains, 
in the strata which surround them, and In the disloca- 
tions which abound in their vicinity, prove that one 
common cause, the force of subterranean fire, has pro- 
ducer! all the phenomen&dn question. 

Basaltic rocks frequently, perhaps generally, show 
themselves in situations removed from the granitic re- 
gions, on the flunks of mountains and in lower ground. 
In numerous instances, basalt fills up the fissure between 
the elevated and depressed portions of dislocated strata, 
and as it cannot be doubted that such a fissure would 
soon have been filled up by other substances, it is 
clear that the melted basalt was injected nearly at the 
same time as the dislocation was produced ; that is, that 
both were local effects of violent internal heat. 

Analogy of So great a general analogy prevails between some 
imuerul mineral veins and basaltic dykes, that in almost all hypo- 
trail dykes. ^ ,csea their origin has been assumed to be the same. 

Both in Die same manner divide the strata ; in both the 
materials are crystalline, generally such os are not known 
to bo producible from water, and arranged according to 
entirely different laws from those which regulate de- 
posits from water. It seems besides almost inconceiv- 
able that materials of such various Specific Gravity and 
Chemical affinities should be either soluble at once in 
water or capable of being introduced by this process at 
different times ; on the contrary, all the circumstances 
agree in claiming for such mineral veins the same origin 
as basaltic dykes, the igneous origin oP which is sup- 
ported by the strongest possible arguments. We shall, 
however, discuss the history and origin of mineral veins 
more at large in the Chapter oiv-Plutonic Products, and 
we shall then uoticc a variety of phenomena concerning 
them which can with difficulty be explained in the pre- 
sent state of our knowledge of Chemistry. That part 
of the history of mineral veins and metallic substances 
in general, which is inseparable from the consideration 
of the rocks in which they occur, will be treated of 
while speaking of the several strata in succession. 
Disruptions This elementary statement of the characteristic effects 
of btruta, of subterranean convulsions upon the preconsolidated 
a part of strata, mu9t not be closed without noticing an important 
phii^of^or- result of them upon the condition of mankind, 

rest rial The frequent use of the terms convulsions, dislocations, 

adaptations, and other such phrases in Geological Treatises, may, 
perhaps, lead the inattentive reader to imagine that 
Geologists are of opinion that the laminated crust of the 
Earth, which had been constructed with so great harmony 
and order, was afterwards subjected to accidental injury, 
left to the violence of forces not contemplated in its 
formation, and the original plan of its fabric destroyed 
by unforeseen convulsions. How false a notion is this, 
and how unjustly would Geologists be accused of» igno- 
rance in this respect! They know well that without 
the effects, which are called convulsions and disloca- 
tions, the plan of the terrestrial creation would have 
, been incomplete, the Earth not adapted, as it is, for 

the residence of men and the exercise of human 
i intellect, which in all this seeming confusion can dis- 

, . cern the progress of an uninterrupted plan, and even 

trace special provisions in favour of mankind. Whether 
we regard the mere animal nature of Man, or cpnsider 
him with reference to those glorious endowments which 
lift him above the brute, and enable him to contemplate 
the past and anticipate the future, and thus to expand 


his intellectual existence through all period* and over all Geollgy. 
subjects, we shall find in the broken stratification of the v 5? 1 * j* . 
Earth, the most remarkable attention to his Physical 
and Mental constitution. 

How universal are the benefits which are conferred on Elevation 
Commerce and the Arts of life, by the variety of substances 
obtained from the Animal Kingdom, cannot require to be 811 
stated ; for without this variety, neither Commerce uor 
the Arts of life could exist. Some faint idea of the state 
of a Globe which did not show this variety, may be 
conceived by viewing the condition of the saudy deserts 
of A frica, and abstracting from their solitary desolation the 
assistance rendered by more favourably situated Coun- - 
tries. Now all that varjety of mineral products existing 
in the Earth, stored up in that inexhaustible repository to 
supply many regions through many national revolutions, 
would have been made in vain, and forever hidden from 
the eyes of men, but for these very convulsions and dislo- 
cations in the strata. What else has raised our mountains, 
divided our seas, and given currents to-ouf rivers, and by 
so doing established upon the- Globe those varieties of soil, 
local climate, and other conditions to which the organic 
wonders of Creation are most evidently adapted ? W hat 
other means have beeir employed to produce the natural, 
harmonious, and mutually dependent relation of plants 
and -animals on the land, in the streams, and iu the sea? 

Without these disruptions, the Earth 'would still have 
been uniformly covered by shallow waters ; or if some 
part rose above it, must have been a barren waste, or a 
monotonous surface on which the living wonders of 
Nature, according to the actual plan- of Creation, could 
not have appeared. It is, therefore, evident, that 
as one of the means employed by the Creator in the 
accomplishment of his drorks, the agency concerned in 
producing the actual condition of the terraqueous sur- 
face, and thereby- regulating the leading phenomena of 
organic and inorganic Nature, is a fit object for the 
special study of Geologists. 

It is not only in the elevation of continents, the vary- Exhibition 
ing height of mountains, the division of the sea, and of _ useful 
similar striking effects, that we see the utility of the com- xnmera s * 
bination of subterranean igneous with superficial aqueous 
agency.. Every coal-field in the known World proves 
distinctly the utility of even the minor dislocations, , 
which in our imperfect language are called “ faults'* in 
the strata. The universal effect of tliefse " faults'* is to 
multiply the visible edges of the strata, by bringing 
them more frequently to the surface, in consequence of 
which there is, in the first place, the greater chance of 
discovering the materials of the Earth ; aqd, Secondly, 
the greater facility of working them. Other advantages 
of this kind will immediately suggest themselves to the 
attentive Tcader. 

Hut all advantages to Commerce and the Arts of 
life sink into nothing when compared with the effect 
which the Buipan Mind .experiences from contemplating 
the monuments of past conditions of the Globe, 
which the uplifting of the bed of the' sea, and the 
dislocatiohs of the strata, have brought to light. AH 
Nature is a glorious book, which men are incited to 
read, in order to know and communicate with its Author, 
a mirror in which the Almighty and the Infinite is 
family typified In the vast and the diversified ; and in this 
respect, Geological monuments arc distinct, impressive, 
and, in reference to the earlier epochs, unique. Bur, if 
we hive been conducted by long labours to some real 
knowledge of the internal constitution of the Globe', 
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_ Gec^gy. and familiarized with the' conception of many revolutions 
"Ch. I. of created Beings on its surface, in accordance with a long 

sequence of Mechanical and Chemical operations ; and 
if wc hove thus extended the conviction of the unceasing 
care and comprehensive benevolence of the Divine Being 
to the most remote epoch which our limited intellect can 
reach ; all this is owing, in a certain sense, to the 
convulsive movements originating below the crust of the 
Earth. Let it not, therefore, be supposed, that, because 
of the contracted scale of the Human Mind, which can 
see only in succession what to a greater Intelligence is 
contemporaneously evident, Geologists arc obliged to 
speak of certain phenomena as accident* with reference 
to -others, which are connected therewith by ways un- 
known to us, that they are so blind as not to see in all 
the diversified operations of Nature, the effects of One 
predisposing and directing Cause, 

Internal Structure of Rocks. 

Joints in All rocks, whether stratified or not, are naturally 
different divided by fissures, passing in various directions, inde- 
rocks. pendent of the strata, into masses, which are of different 
form in dissimilar rocks, and are accompanied by circum- 
stances deserving more attention than has yet been be- 
stowed upon them. The fissures or planes of parting 
between these masses are called joints. Most fre- 
quently their direction is nearly vertical to the planes of 
stratification, where such exist, and they divide the rock 
into cubical, rhomboidal, or prismatic portions, blocks, 
pillars, or columns. It is owing to their various direc- 
tion ami frequency that different rocks assume such 
characteristic appearances, and may thus be often and 
readily distinguished when seen at a distance or shadowed 
in a drawing. 

Some rocks have very numerous, approximate, and 
closed joints, as shale, some kinds of slate, and lami- 
nated sandstones ; in others, as limestone, the joints are 
less frequent, and more open. 

In coarse sandstones, they are very irregular, so that 
quarries of this rock produce blocks of all sizes and* 
forms. From this cause, coarse sandstone rocks show 
themselves against the sea, in precipitous valleys, or on 
the brow of hilla, in rude and romantic grandeur. The 
wild scenery of the Peak of Derbyshire, Brimhum Crags, 
and Ingleborough in Yorkshire, derives attractive fea- 
tures from the enormous blocks of millstone grit ; and 
the magnificent rocks which stand upon the hilts and 
overlook the Vale of Wye, are composed of a some- 
what similar material. x;., 

In clay, vertical joints are numerous, but small and, 
confused, whereas iu indurated shale they are of extra* 
ordinary length, very straight, and parallel, dividing the 
rock into rhomboidal masses. This may be well studied 
in the shale, which alternates. with mountain limestone, 
at Aldstone Moor in Cumberland. Rhomboidal joints 
are frequent and very regular in coal. 

In limestone the vertical joints are generally regular, 
and arranged in two sets, which cross at nearly equal 
distances, and split the beds into equal-sized cuboidal 
blocks ; and thus the mountain limestone in found to 
be divided into vast pillars; which range in long 1 per- 
pendicular scars down the mining dales of the North of 
England. 

In slate districts, the joints, more numerous and more 
regular perhaps than iu any other jtnownt rock, have 
almost universally a tendency to intersect one another si 


acute and obtuse angles, and thus to dissect whole Geology, 
mountains into a multitude of nngulor solids, with < b. 1. 
rhomboidal or triangular faces, which strongly impress v — 
upon the beholder the notion of an imperfect crystalli- 
zation, produced on these argillaceous rocks since their 
deposition and consolidation, by some agency, probably 
heat, capable of partially or wholly obliterating the 
Original marks of stratification. 

Vertical joints are frequent in granite, and appear to 
have definite directions. The trihedral and polyhedral 
vertical prisms of busalt, and some other igneous rocks, 
coupled with their regular transverse divisions, w?em to 
give us the extreme effect of regularity in the dnisim. 
of rocks by the process of condensation, from the state 
of igneous or aqueous expansion. 

That contraction after partial consolidation of the Gem-rid 
mass is the general immediate cause of the numerous j 
fissures of rocks, may easily be proved by a variety of jl u,lts dnJ 
facts observed in conglomerate rocks, where pebbles, ll!>surc, ‘ 
and in others where organic remains are split by the 
joints, but cannot surely require argument. According 
to the circumstances of the caso, this process has pro- 
duced iu basalt, slate, and coal fissures so regular as to 
give to the rock a largely crystalline structure, but left 
in sandstone mere irregular cracks. 

• From Mr. (ire gory Watt’s experiments on fused basalt, 
and some other notices by different authors, we know 
that a continued application of even moderate heat to a 
previously solidified body, may be sufficient to develope 
in it new arrangements of the panicles, new crystalline 
* structures, new Chemical combinations, aud to cause a 
real transfer of some of the ingredients from one part 
of the mass to another ; from many independent lads 
it is inferred, as a matte; of certainty, that all the strata 
have locally, and the lower ones perhaps universally, 
sustained the action of considerable heat, since their first 
deposition : we seem, therefore, to be possessed of the 
due which is eventually to conduct us to a thorough 
knowledge of the cause of the different structures ob- 
servable in rocks independent of their stratification. 

But though heat be taken as the leading cause of 
these effects, it is by no means inconsistent to suppose • 
that some other independent agent, as, for example. 
Electricity, might be concerned in modifying the result. 

From all the recent discoveries iu Electricity, it appears 
more and more certain, thui this* universal agent is 
excited in every case of disturbance of the Chemical 
or Mechanical equilibrium of uatural bodies, and it iu 
especially, and very sensibly, excited by unequal distri- 
bution of heat. Professor Sedgwick’s suggestion with 
reference to Mr. Fox’s electro-magnetic experiments on 
the mineral veins of Cornwall, that Electricity was pro- 
bably concerned, in the original production of those veins 
along which it now circulates, may be justly extended 
to the joints of rocks ; in the study of which the writer 
of these remarks has found abundant reason to believe 
that the theory of the production of mineral veins is 
inseparable from that of the joints aud fissures, iu some 
of which the metallic substances arc deposited. 

In examining with attention a considerable surface of Jun ction of 
rock, it will bq found that amongst the joints arc some thuun-i. 
more open, regular, and continuous than the others, 
which occasionally stop altogether the cross -joints, 
themselves ranging uninterruptedly for some’ hundreds 
of yard’s, or even far greater distances. There may be 
more than one such set of long joints, and, indeed, this 
is commonly the case, jet, generally, there is one set 
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CiooiHjjy. more commanding* than the others, more regular and toward explaining many phenomena heretofore despaired 
_* determined in its direction, more completely dividing of in Geology, 

— the strata from top to bottom, even through very great • _ _ 

thicknesses, and through several alternations of strata. Mineral Composition of -Strata, 

For example., there is a peculiar character of joints in Water is both a Chemical and a Mechanical agent, 
each of (he principal strata of the mountain limestone Under different circumstances .at certain temperatures, 
series, limestone, sandstone, shale, and also in' the sand- by the help of other ingredients, as acids or alkalies, 
stones, shales, and coal of a. coal district, yet, throughout various mineral substances are dissolved in it. When, 
the whole of Yorkshire, all these rocks are divided by* by evaporation, loss of heat, or a change in the compo- 
se master-joints passlag downward through them all sitiou of the liquid, these substances' are no longer ca- 
in nearly the same direction North by West, and South pable of remaining in solution in it, they separate in a 
by East. • 'JJhese master-joints, culled slincsy backs , crystallized form, or fall down, ami the sediment which 
bor(U t &c. are perfectly well known to the workmen, they occasion is called a precipitate, 
as well as some other \ cry important yel less certain By such processes lime, magnesia, and other enrths 
and continuous fissures passing nearly .Fast North-East and metallic oxides, are first dissolved in water, and 
and West South-West. It is according to such joints afterwards separated from it. We find these processes, 
that the experienced collier arranges his workings, and in the present order of Nature, chiefly concerned in prq* 
the slater and qnarryman conduct their excuvations. ducing calcareous marls and irregular accumulations of 
Now surely nothing cau be more certain than the in- limestone, in Jakes and in the course of certain streams 
ft* re i ice, tlml some very general and long-continued and at the irioutliB of some rivers. So in more ancient 
agency, pervading at once the whole mass of these <lis* times, the most abundant Chemical deposit* from water 
similar and successively deposited strata, -was concerned was limestone. 

in producing this remarkable constancy of direction in The Mechanical agency of water is manifest at the pre- 
tbc fissures which divide them all. The utter deficiency sent day in removing materials from one place and aceu- 
of recorded observations prevents any further illustration Ululating them in another. Thus pebbles and sand and 
of this important subject by reference to other districts, elay are transported. by the tides and by rivers, and ac- 
but it is obvious that a great principle in the construe- cumulated in low situations in regular layers, miniature 
t ion of the Earth is here indicated, which yiust even- representations of those thicker strata of the same ingre- 
tually have an important influence on Geological Theory, dients, which compose the crust of the Earth. A nil as 
• Buthe mean time we may remark, first, that these pre- at the present day some materials are transported further 
valent directions of North by West and East North-East, 'by water than others, and consequently more rounded 
are those of the principal mineral veins and cross courses by attrition, so the materials of the interior strata are 
in the North of England, and that they are also admitted likewise more or less worn and rounded, in proportion 
to be very prevalent in the Southern and Western mining to the distance they have travelled and the friction they 
Countries; secondly, that these directions are wholly un- have suffered. 

influenced either by the declination of the strata, or by the In many situations Chemical and Mechanical pro- 
numerous dislocations to which they are liable. Whatever' ducts are ’ occasioned successively by the same waters, 
be the direction of the dip, how frequent Soever the faults, just as, in the older strata limestones and sandstones 
the lines of the great joints arc the same. Thesejines alternately prevail. We . see, therefore, that the an- 
are frequently the cause of particular courses in rivers, cient deposits from water, which form layers several 
long scars on mountain sides, and subterranean chan- miles thick around a great part of the Globe, are not 
tiels for water. Faults, and dykes, and mineral veins essentially different, except in degree, from the lesser 
very frequently pass along them, and there is little doubt deposits now formed beneath the tides from the sea and 
that the diligent study of them will he found to throw the streams from the land. 

n new light on some of the most mysterious phenomena The Chemical stratified deposits are principally lime- 
of Geology. See pi. i. fig. 9. stones, composed of carbonates offline and magnesia, and 

In a recent Taper on the cleavages of granite in Corn- salt rocks characterised by muriate of soda. This is not 
wall by Mr. Enys.and f Mr. Fox, these, cleavages are the place to discuss points of Theory, andwesliall there- 
proved to follow certain lines of definite direction, like fore speculate no further at present on the origin of these 
the well-known cleavages of slate. deposits than to say,' that if by any means a large sup- 

Local Though a little out of place, we cannot. forbear to ply of an alkaline carbonate, as carbonate of soda, for 

changes of add here a short notice of. fuels known in Switzerland, instance, was diffused through, the sea, the effect would 
struchlre distinctly prove one of the effects of heat upon be a precipitation of darbonate of lime and carbonate of 

commou argillaceous shales, to be the alteration of its. magnesia, which would be accumulated ipto strata upon 
structure, so as to give a real vertical cleavage to a mass the bed of the sea In thickness proportioned to the qean- 
ot horizontal lamina of day, as well * as that induration lity of the muriates decomposed, while thV supernatant 
which belongs to slate. The lias shales of the Alps liquid would be found highly charged with muriate of 
ore so altered by proximity to the igneous rocks of that soda, or common salt. If the alkali were only locally 
region, that in several places in and near the Valley of diffused, the deposit would bd contracted, if generally, 
Chamouni, they are commonly mistaken by modern the strata might be very extensive, 
tourists for genuine slates of the primary system, and The Mechanical deposits , or strata, composed of 
were always described as such by the older writers, earthy materials, are distinguished by the coarseness or 
How plainly does this teach us that the joints, cleavages, fineness of the ingredients and by the nature of these 
and other peculiarities of thbir structure* not produced ingredients. When the materials are of unequal fine- 
in rocks by water, nor coeval with their deposition, have ; hesa, and some of them are large, rounded pieces, the 
been occasioned chiefly by the agency of subterranean rock is called a conglomerate; pieces not so large con- 
heat. What powerful aid does thV generalization give stitute a sandstone, very fine particles elay. The fol- 
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f^ology. lowing scale will convey some notion of the gradations 
, Ch. I. of size in the ingredients of Mechanical deposits. 

'ZlWSSSSESK -* **> - 


Mixture of clay and sand Sandy clay. 

Sand with some day Argillaceous sandstone. 

Small fragments of hard sili-l^ , . . 

r; n ... n.^H.ri.1. fSund, sn ml stone. 


.Sandstone including pebbles . . . 
Large pebbles united by sand- 
stone or clay 

Pebbles disunited 


Millstone grit. 

J Conglomerate, orpuddingstone. 
(i ravel. 


Stony fragments reunited Breccia. 


jngre- Considered with reference to the nature of the ingre- 

uienK nf dients which compose them, Mechanical strata form 
mechanical another scale. 

Thus gneiss, one nf the oldest of these strata, is a 
compound of the same ingredients as granite— quartz, 
felspar, and mica ; but these minerals, instead of being 
amalgamated (so to speak) together by crystallization, 
are accumulated in successive latniiue more or less 
regular, (ineiss, therefore, differs from micaceous sand- 
stone much less than is commonly imagined, and often 
has no other permanent distinctive character, Ilian that 
presented by the peculiarity of its composition. 

Sandstone is generally an aggregate of small frag- 
ments, or worn crystals, of qunitz, with or without any 
argillaceous, or calcareous, or irony cement in the inter- 
stices, with or without any mica in the partings. Some- 
times it very evidently contains rolled and broken pieces 
of cnstalh/.ed felspar, such as tills the Pyramids around 
Mont lilauc, or the granite of Cumbria and Scotland. 
There is, therefore, every reason to conclude, that coarse 
sandstones like the millstone grit, as well as gneiss, 
have been derived from the waste of ancient tracts of 
granite. 

Some beds of sandstone at Oban m Argylcshire appear to 
have been formed fioin tin* granular fragments of disinte- 
grated greenstones. Sandstones sometimes extend over 
vast districts, and dining the whole range are charac- 
terised by some remarkable mineral ingredient ; as for 
instance, the green sand of England, France, and Svvis- 
Borland, which is distinguished by the presence of a pe- 
culiar green mineral, (Glauconite.) 

Conglomerates, cm the other hand, are generally con- 
stituted of fragments from the neighbouring mountains. 
Thus the red sandstone of the Vosges mountains con- 
tains quartz pebbles derived from the slate rocks of the 
vicinity; the old red conglomerate of England varies 
in its composition according to its locality; that of 
Herefordshire contains much quartz, that of Cumber- 
land is filled with pebbles of slate. 

Wholn se- T ’he whole series of stratified rocks then consists of 

ries of alternate deposits of limestone, sandstone, and clay, with 
stuta. few layers of coal, rock salt, flint, iron ore, &e. The modes 
of alternation are different in different parts of the series, 
and in different situations. Thus wliat is called the 
transition limestone is enclosed between beds of slate, 
the carboniferous limestone alternates with sandstone 
and shale, the lias limestone lies in marly clays, the 
coralline oolite is enveloped in calcareous sandstone. 
Generally, the different strata are distinguishable by 
their mi ucrulogical characters; but not always. When 
the circumstances of the deposit were nearly similar, 
as in the accumulation of the carboniferous limestone 
and some of the oolites, the strata are remarkably 
■alike ; and often particular beds of one rock are scarcely 
to be distinguished from beds of another rock. Thus 
VOL. vi. 


some beds of lias are scarcely to be known trem some 
calcareous layois coimecnM with the Hath indue, while 1 ll L 
other portions of the same lock strongly assimilate to the 
carboniferous limestone. The old 'red sandstone and 
the new red sandstone formations are very much a’lke ; 
it would be difficult by mere miiuM-alngical methods to 
discriminate the clays which separate the oolites, and 
many sandstones of very different epochs are almost 
nudist iiiguisliablc. Hence we may infer that nearly 
the whole .series of strata is the result of many repe- 
titions of similar Mechanical and Chemical agencies 
operated by the same waters. 

When sets of strata an* in contact, as for instance VUi-nuliou 
limestone lying upon sandstone, it often happens ih.il " l 
while the limestone above, and the sandstone below', 
are umnixed with other matter, there is a middle set of 
beds composed of alternate layers of the sandstone and 
limestone. Thus let*/ be tfie combine oolite of England, 
and b calcareous sandstone beneath ; the middle beds 
a' a" y //' are alternately oolite and sandstone. See 
pi. i. fig. 10. 

Jn such a case, therefore, the two strata are said fo 
rjcchauge heels , or to be subject to alb t nation at their 
junction, and the phenomenon seems to have been occa- 
sioned by temporary cessations of the deposit of sand- 
stone during the commencement and progress n! the 
deposit of limestone. 

In other instances the two strata pass into one ano - Cr.idiition 
/fit r by imperceptible gradation ; as for instance, the of Him!?#. 
Oxford clay of the Yorkshire coast graduates into the 
calcareous grit above so completely, that the bluish 
colour of the crumbling shale below is shaded off with- 
out any hard line into the yellow solid beds of grit 
above. Sec pi. i. fig. 11. 

In either case it seems quite evident that no con- 
siderable break or interval of time happened between 
the different contiguous deposits, one bed was no 
sooner formed than another was laid upon it; and by 
careful study of these phenomena it appears that, bed by 
bed, and rock alter rock, the whole series of strata even 
to miles in thickness were successively and almoM umc- 
mittingly accumulated, and buried the shells and other 
organic Heings, which were then living in the water, or 
drifted into it from the land ; such are, thcrcfmc, the 
best witnesses of the lapse of time, and of the changing 
condition of the land and water during the deposition 
of the strata. 

Assuming limestones to he Chemical, and sandstones, Propor- 
clays, &e. to be Mechanical deposits, and putting lor °} 
the present out of consideration the oignnic lomams, a 
which so mueli abound, especially in calcaieous strata, we c ] mll i tll i 
shall be able by comparison of the thickness ot the seve- depots, 
ral rocks to present a tolerably accurate notion of the 
relative proportions of Chemical and Mechanical depo- 
sits. The greatest obstacles to accuracy exist amongst 
the primary strata, whose thickness is exceedingly mi- 
certain, and indeed often hardly to he determined at all. 

If we take our examples of these strata from the 
Island of Great Britain, it may, perhaps, be found a 
sufficient approximation to the latio now sought to say 
the Mechanical to the Chemical deposits of water are : 

In the Primary Series, ns bOO : 1 

Carboniferous System ... . : 1 

Saliferous System : 1 

Oolitic SyMcm d • I 

Cretaceous System 2:1 

Tertiary System 1U : J 

•i c 
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From this comparison it would appear that the 
ratio of Chemical to Mechanical strata is greatest 
amongst the secondary deposits, and] least amongst 
those of the primary periods; a circumstance on 
which depend principally the well-marked general cha- 
racters of the secondary series of- rocks. It should, be- 
sides, he observed, thut calcareous matter very finely 
divided exists in nearly all the sandstones and shales of 
that series, and sometimes so abundantly as to change, 
locally, lias shale into argillaceous limestone, and cal- 
careous grit into arenaceous limestone, or coarse oolite. 
In secondary strata, the great preponderance of lime- 
stones almost invariably attracts the attention and 
directs the classification, and thus it happens thut while 
numerous layers of clay and sand pass nearly un- 
observed, or are merely noticed as interpolated beds , 
almost every calcareous bed has its characteristic local 
name. The almost universal diffusion of calcareous 
matter through the mechanical strata of this large class, 
combined with the greater regularity and ]>ersistence of 
the limestones, generally impresses on the attentive 
observer a peculiar theoretical notion as to the cause. 
He soon learns to consider the operations by which 
sandstones and clays were accumulated as of short 
duration, and intermitting uction, like the periodical 
floods of a river, or some less regular inundations; 
while the production of limestone is regarded ns the 
result of one continuous and almost uninterrupted 
series of Chemical changes. This opinion, strengthened 
by the curious gradations between the calcareous and 
the sandy or argillaceous him imp, mid by the frequent 
alternation amongst even their thinnest portions, derives 
very plausible arguments from the distribution of or- 
ganic remains through the several strata. In some 
cases these teach us plainly that sandstones, even of 
great thickness, were the products of temporary and 
often of very local Hoods, which swept down from the 
land the scattered spoils of the animals and plants then 
in existence ; but, tried by the same tests, the calcareous 
rocks appear to have been of slower and more equable 
production, in clearer and more tranquil waters. Is not 
this exactly in harmony with the present system of 
natural operations? 

Condition of Organic Remains . 

The fossil remains of ancient plants nml animals have 
been the theme of admiration for the learned and the 
vulgar in every Historical Age. The difficulty of under- 
standing how the shells of the sea and the plants of the 
land could he inclosed in hard rocks, in prodigious 
abundance and of exquisite beauty, led Plot mid Llwyd, 
ami even partially Ruy and Lister, together with some 
continental writers of eminence, to adopt a most strange 
hypothesis. Plot advanced the extreme absurdity that 
these beautiful monuments of the ancient condition of 
the Forth had in fact uever been slid Is or plants, but 
were merely lusus natural, deceptive resemblances pro- 
duced by some plastic power in the interior of the Earth. 
Swift well ridicules this notion of lusue naturae in his 
'Voyage to Brobdignag. 

This ridiculous fancy has long since become obsolete, 
and the formed stones” dug out of the bowels of the 
Earth are now recognised as the original inhabitants 
of its primeval land and water. 

The differences of condition between them and ana- 
logous living objects, the mode of their conservation, the 
manner of their distribution in the Earth, the relative 


periods of their existence and destruction, constitute a 
vast, lucid field of research, through which many avenues 
arc already traced toward the secret powers which pre- 
sided over the formation of the Earth. 

Tf. hues rm at* Plants abound in certain strata, espe- 
cially in the coal districts, where the seams of coal are 
nothing but vast layers of vegetables swept down into 
estuaries or lakes, and there covered by sand and clay, 
and changed by Chemical depositions. 

Zoophytes both stony and flexible, many of them 
belonging to genera now in existence, fill our limestone 
rocks with their most delicate and beautiful organisa- 
tion ; with them he abundantly columns of crinoidal 
animals, and crusts and spines of echini. 

Molluscois Animals are now the most numerous 
of all the tribes of Beings which overspread the bed of 
the sea, and their shelly coverings are also the most 
abundant of all the organic fossils. 

Of the Akticulated Animals, the most abundant 
remains arc lobsters and crabs, and other Crustacea, 
analogous to existing types ; besides trilobites and others 
to which nothing similar has yet been found in the 
modern ocean. Fossil insects are very rare ; and 
confined to almost a few comparatively recent deposits 



from fresh-water. 

No one acquainted with the structure of the in- 'What por- 
vertebral Animals previously mentioned, can view their turns of tin 
crusts, shells, and other hard appendages in the fbs- ori ffinal 
sil state without being struck on the one hand with 
the wonderful perfection of all their minutest orgn- scrv( !d, 
nization, and on the other with the uniform and 
almost total absence of their soft parts. The bodies 
found “ petrified” in the rocks were originally durable. 

Similar substances are now capable of conservation in 
our cabinets : but the softer animal parts which they 
protected — the. muscles, the viscera, and even the liga- 
ments — have almost uniformly disappeared. Hence it 
appears a just conclusion that the process of petrifica- 
tion, the substitution of mineral for animal matter, was 
slow and gradual.'* * 

The same result follows a similar examination of the 
fossil reliquiae of vertebral Animals. For though \vc 
find in tolerable plenty the bones and teeth of fishes and 
reptiles, the skin and other softer parts arc usually defi- 
cient. Tlie bones of birds ore excessively rare, and 
those of mammalia arc mostly confined to the least an- 
cient of all the Neptunian deposits. 

In consequence of this decay of the softer parts, i n what 
many of the hard parts of Animals are found disjointed state inl- 
and separate. Crusts of lobsters, bivalve shells, ver- bedded. 

. tebral columns, originally bound together .by perishable 
ligaments, are very generally found in detached por- 
tions, precisely as happens to similar objects at the pre- 
sent day ; and generally this is all (he injury they have 
sustained. The delicate shrite, sharp spines, and other 
ornaments, are usually so well preserved that no one 
can believe that they were ever removed far from their 
native haunts. They were, m fact, quietly buried oh 
the bed of the sea ; living or dead, entire or decom- 
posed, just as such Beings are found at the present day, 
when by any method the bed of the sea can be examined. 

And just as at the present day where currents run 
strongly in the sea, shells are worn by friction in the 


• The ligament of Cardium truncaium is preserved in marlstone 
at Rosebury and St Ait hen in Yorkshire, and impressions of the Arms 
n f Gtphafopod* are found in the oolite of Franconia. 
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< rh°P % sand and by beating against one another, and trees 
’ Ch# carried down by rivers are scattered i n fragments ; so 
in certain of the old strata we find similar proofs of 
rapid currents from the land, and temporary turbulence 
in the primeval ocean. 

All the accidents of imperfection and disunion of 
parts happened, of course, before the organic bodies were 
enveloped in the earthy deposits. 

Subsequent The changes by which they have been converted to 
chunges of petrifactions did not, probably, commence till after they 

tion. 1>08i " Were ^ lus enc l° se d. 

These changes in the substance of the fossil reliquhe 
arc different according to the original nature of these 
bodies, the kind of matter in which they are enveloped, 
and the other circumstances by which they were sur- 
rounded. 

Wc shall make some remarks on the conservation of 
the principal classes of organic fossils in the different 
kinds of mutter. 

In plants. Dried vegetable substances may be considered as 
compounds of carbon, oxygen, and hydrogen, with 
small and variable proportions of other substances. 

Carbon 4U to 55 per cent. 

Oxygen 40 to 50 

Hydrogen.... about 5 

Of these ingredients the most volatile parts, viz., the 

oxygen and hydrogen, seem, in many cases, to have va- 
nished, but the carbon generally remains, and is either 
almost pure, as in some kinds of coal ; mixed with 
bitumen, as in jet and most coals; mixed with carbonate 
of lime, us in the remains of coniferous wood in the lias 
and oolite; or blended with flint or pyrites in those and 
other strata. Generally, as might be expected, the vege- 
table substance is most completely disguised by earthy 
admixtures in porous strata, such as oolite or sandstone ; 
and, on the other hand, I he original carbonaceous 
skeleton of the plant is preserved with the. least change 
in close, compact materials like day, shale, or ironstone. 
This is strikingly exemplified in the coal-districts, where 
ferns and other plants which lie in the shales arc 
changed to bright inflammable coal, while the very 
same species in coarse gritstone are represented only by 
a brown, ferruginous stain. Coal is most evidently a 
product on a large scale, precisely identical witli the 
thin filmy remains of ferns and reeds which accompany 
it. A vast mass of plants accumulated beneath the 
ancient sea, or in sea-like lakes, was covered up and 
buried by successive deposits of sand and clay, anil 
under this heavy pressure, and hermetically sealed. 
Chemical decomposition went on, and a new Chemical 
product, coal, was elaborated; which, upon analysis, is 
found to contain the usual ingredients of vegetables, in 
proportions no otherwise different than was to be ex- 
pected from the loss of some of the more volatile parts. 

In this respect, coal exhibits many variations. That of 
Kilkenny, for instance, has only four per cent of volatile 
matter; Cannel coal has about fifty per cent. ; the Kil- 
kenny coal contains ninety-two per cent of carbon, com- 
mon coal about seventy per cent, carbon, and thirty 
per cent, oxygen and hydrogen. 

In corals, The internal and external hard parts of inverlebral 
shells, animals, zoophytes, mol I u sen, and articulossr, arc much 

cros.s. allied in composition. They generally contain the same 

durable and the same perishable parts ; carbonate of 
lime, alone or with a small admixture of phosphate of 
lime, gives them firmness, and the flexibility which some 
of them possess is derived from gelatine. 
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The process of petrification consists in the loss and Geology, 
replacement by a different substance of otic or other of t:h. 1. 
these ingredients. The first degree ‘of change which — v— - ' 
these fossils have experienced, is when the coralline or boss of co- 
dicil retains not only its external figure and appearance, lollr » &c ' 
but even its internal texture, and almost all its original 
substance. Such specimens look as if obtained from 
the sea-shore in a dead state, with no other apparent 
loss than that of colour and brilliancy. This state of 
conservation may he said almost to characterise, the or* 
ganic remains of the strata above the chalk. 

The next step in the process of petrification is illus- Loss c.r 
trated by many shells which lie in the gault and other griutiuc. 
clays ; they have lost their gelatinous portion, anti are, 
in consequence, become light and triable, but have not 
received into their pores any extraneous earth. 

The third variation is occasioned by the gradual insinuation 
substitution of an extraneous substance, as flint or py- of m*w 
rites, into the pores left by the decay or waste of the matter, 
original body; thus the fibres of wood and sponge, and 
the plates of corallines and shells, have been changed 
by little and little into a different substance, which often 
represents with most faithful accuracy the minutest 
structure of the original. It is evident, therefore, that 
this great change was accomplished gradually, the new 
particles taking successively the place of tho**e removed 
by decomposition. 

These processes of decomposition and substitution of Analogous 
new ingredients, which probably commenced at the 
periods when the several fossils were imbedded in the I ,rocuMts# 
rocks, are to this clay continued, and often exhibited 
with remarkable energy. Those* products of modern 
operations of Nature which go under the vague nume of 
recent petrifactions are so various in their character, 
that a detailed study of them, in relation to their accom- 
panying circumstances, could not fail to furnish data 
for explaining some of the most remarkable stages in 
the process of mineralization, to which organic 
bodies have heen exposed in the Earth. In proof of this 
we shall content ourselves at present with putting in 
comparison a well-known peculiarity in the mode of 
conservation of certain fossils, and an instance of the 
same singularity in recent petrifuctious. It is often to 
be noticed that while the external cell of an ammonite, 
or the larger part of the spiral cavity of a melanin, is 
filled by the coarse matter of the enveloping rock, the 
closed chambers of the former, and the smallest volu- 
tions of the latter, aro filled with crystals of cu Inn cons 
spar. The well-closed shells of prod u die, tenhiniuhc, 

&c. are often lined internally with calcareous spar, quartz, 
or even galcnu, while this never happens, perhaps to 
shells whose valves did not lit very exactly. In fossil 
wood it happens very often that the external parts sne 
merely jet or coal, while the central portions me 
changed to caibonate of lime ; and, in general, all these 
examples appear to agree in proving that the mineral- t 
izing substance was transferred to its repository in the 
innermost cells and smallest pores by a kind of 
tion, quite through solid septa of shell, and eonsidc»:d»lc* 
thickness of even dense stone. The recent petrifac- 
tions of hazel-wood and nuts, from the alluvium oi 
Ferrybridge in Yorkshire, (/V///. Mag. pmve 

Ihut the same remarkable transfer of particles thim gh 
other substances, with the same elective attraction lor 
these particles possessed by the finest tc\lmes :md 
smallest cavities, accompany the ordinary modem mpie- 
ous deposits of carbonate ol lime. In the alluvium oi 
•lc2 
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this place, a certain part of a large collection of hazel- 
wood and nuts was found mineralized by a subterranean 
spring from the- neighbouring limestone, and it was 
remarkable that the central woody core of a hazel- 
branch or root \v;|^ wholly converted to stone, while the 
bark and outer layers of wood were unchanged, the 
kernel of the nut was petrified within its brown unal- 
tered membrane, and the internal fibres of the shell 
within the still woody surfaces. 

The fourth condition is exemplified in limestone and 
sandstone rocks, from which the whole of the substance 
of shells, corals, &c., has been dissolved and carried 
away by water. In consequence, a cavity is left in the 
rock bearing* the impression of the exterior of the shell 
or coral, and in (his cavity is a mould or cast of the 
interior. Thus the “ scrcwstnncs/’ as they arc called, have 
been cast or moulded in the cavities of criuoidal columns. 

The inost extreme case of mineralization or petrifica- 
tion is produced !>y a process in addition to that just de- 
scribed, when the cavity lelt by the removal of the shell 
or coral is again tilled up with crystals of calcareous spar, 
deposited by water filtrating through the stone. Some- 
times. only a tew crystals connect the inner mould or 
cast to the exteiior impression, but generally, the whole 
cavity is tilled by the spar, whicli thus represents truly 
the shape of the original body, but displays no trace 
whatever of its internal texture. 

There is in general a certain accordance and rclalion 
between the condition of organic fossils, and the nature 
of the rock which incloses them. In the green sand 
almost all the shells are silieificd, in the oolitic rocks 
many are changed to calcareous spar, in the clays very 
slight changes have happened to any of the organic 
remains. 

On the other hand, the original nature of the organic 
substance has very much influenced its mode of con- 
servation. Echinidal and criuoidal remains are almost 
invariably converted to a peculiar kind of opaque, cal- 
careous spar, in whatever strata they occur; gryplueic 
and astride retain their lamina?, inoeeratni and bclem- 
nile stheir fibres. 

Wo come now to the vertebral division of Animals. 
Their soft portions have perished, but their teeth, bones, 
and scales remain, either connected or separated in con- 
sequence of the. decay of the ligaments, cartilages, &c. 

The hardening ingredient of bones is principally 
phosphate of lime, that of teeth is a mixture of phos- 
phate and carbonate of lime. It is generally the fact 
that their gelatinous or membranous portion 1ms been 
diminished, and their earthy admixture increased, by 
the subterranean Chemistry to which they have been 
subjected, and, in consequence, their Specific Gravity is 
much augmented. 

Distribution of Organic Remain *. 

The researches of modern Naturalists have been sin- 
gularly successful in bringing to light a vast number of 
new species or supposed original types of organization. 
The catalogues of living plants and Animals have been 
enormously lengthened in consequence of more rigorous 
investigations among the smaller tribes. In like man- 
ner the number of known organic fossils has been of lata 
yea rag*) greatly augmented', that in some departments 
ih^Aly equal, and, in others, exceed the living ranks 
of Hration. In Great Britain alone, 1500 species of 
organic remains have been well described and figured ; 


and it is probable that the numerous tribes of unde- 
scribed zoophyta, rnolluscn, Crustacea, and plants, will 
swell the catalogue to 2500 species at least. An equal 
number of other kinds adorn the cabinets of Continental 
Europe. Generally speaking, the principal deficiencies 
in the catalogue of fossils, as compared with that of 
living organic forms, arc found in the aerial and ter- 
restrial races. 

Insects, birds, land reptiles, and mammalia are the 
rarest of fossils. We are, however, not to conclude 
that the ancient land was uninhabited by those tiibes, 
because we do not find their remains in the strata which 
were formed on the bed of the ancient sea. Such remains 
are very rarely carried down and buried beneath modern 
lakes, and therefore were much less likely to be entombed 
beneath the. deposits of the ocean. 

In the following Table, M. Adolphe Brongniart com- Plants, 
pares the extinct flora of the Ancient World at four 
several periods with the vegetation which now covers 
the Earth. The general proportion is about 100 liiing 
plants to one fossil one. 



Prvmi&ru PouxiAnn* 

Tvnisiome Quatrirmo Kponii.* 


IViiwltf. 

IVrlodo. 

lVriode, 

l’lrioilc. AUuclU*. 

I. Agames 

4 

5 

18 

13 7.000 

‘2. Cr)qitoganics 1 

celluk-uses J 

f - 

— 

— 

2 1.500 

3. Cryptogumos 1 

vasctilairea J 

i 2 " 

8 

31 

r> i.7oo 

4. Phanurugames 

t _ 

r, 

3.» 

at) liO 

gymiiospermes 

i 



f». Phanerugainev j 
monocot ylcrioncsj 

\ i« 

5 

3 

*25 ? 8.000 

fi. Phaiufrogiuncs ] 
(licotyU-doncs J 

[ - 

— 

— 

100 ? 32.000 

Iii(5ctem»iiK-»*s 


— 

— 

— — 


204 

‘23 

87 

H»l> 50.350 


v ' 

c>u» 

The immense disproportion between the numbers of 
fossil and living vegetables will probably not justify the 
inference that in ancient periods only a few species of 
plants covered the surface of the Earth. Only a small 
proportion of the vegetable tribes now growing upon 
the Earth are swept down into the sea, comparatively 
but a very trifling number would be carried there by even 
the most violent floods, and therefore the few hundred 
species of fossil plants are probably only a very small 
selection from the numbers that really covered the 
Earth. Nevertheless these few relies may be reasonably 
supposed to* have been amongst the most abundant of 
the plants then in existence, and may be usefully em- 
ploy'd in characterising the several periods of deposi- 
tion. 

Thus it appears that in the most ancient of the four 
periods defined by M. Brongniart, ending before the 
deposit of magnesian limestone, the most abundant fossil 
plants belong to the vascular cryptoguinic class, includ- 
ing the natural families, ferns, equisetaceie, lycopo- 
diucesc, &c. , that in the third period, which includes the 
oolitic and cretaceous rocks, cycadeac are especially nu- 
merous ; and in the fourth or tertiary period the more 
complicated dicotyledonous plants appear, and thus 
gradually ^conduct us to the vegetation of the present 
day. 

Zoophytes, the first tribe of Animals to which we shall Zoophytes, 
advert, arc almost entirely matine. The flexible coral- 
lines, which contain the smallest portions of earthy in- 
gredients, are but rarely seen fossil, but the stony corals 
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Geology, and the hard echinodermata arc exceedingly abundant 
’ Ch. 1. . j n nearly all the secondary deposits 

The following Table, from which Lamarck's ciliated 
polypi arc excluded, will convey a good general notion 
of the relative proportions of recent and fossil /.nnphytu. 

* Itorf’ntSppries 


Polypi, nude 

British jqnvU'S 
Hr« i ut. Fossil. 

. :> — 

iloirrilns 
l>\ Lamarr 
18 

CeiluliferouH flexible . 

. 67 

*— 

117 

stony . . . 

. 21 

26 

61 

Lamcllfttcd 

. 3 

30 

134 

Corticiferous 

. 12 

o 

132 

Carnusu 

. 47 

23 

194 


155 

83 

659 


The proportion of British species is as 2 recent to 1 fossil, 


Radiutn Fistulida 

11 

— 

41 

Strlleridu 

19 

5 

76 

Kchimda 

9 

4> 

88 

Crinoidea 

1 

27 

3 


40 

77 

211 


The proportion of British species is as 1 recent to 2 fossil. 


It has often been thought, that the remarkable con- 
trast in the proportions of the fossil and recent zoophytes 
of Britain might be explained by supposing that the 
ancient climate was hotter than at present ; that* in 
fact, the former productions of our Northern Seas were 
of a tropical character; and this conjecture agrees with 
the deductions which may be drawn from similar compa- 
risons in I he other tribes of Animals. Hut the extreme 
rarity of flexible corallines is not confined to the strata 
of Britain, it is recognised over all Europe, and seems, 
'•t least in pari, owing to their more perishable nature. 

The contrast in equally striking among the radiaria ; 
at»d it is especially worthy of remark, that the numerous 
gV'tp of crinoidea, so characteristic of the fossil races 
of a former World, belongs chiefly to the lower and more 
ancient members of the stratified rocks. 

Passing over the remarkable Animals included in 
Lamarck’s class tuuicata, which appear to connect the 
zoophyla with the tnollusca, and of which, being 
mostly perishable, no fossil species is yet recorded, we 
nrri\e at the class of conchifera, or bivalve molluscous 
Animals. 

Conchifera. Shells are the most numerous of all the organic 
treasures buried in the strata; a circumstance which 
might naturally have been expected from their durable 
constitution, their vust abundance in the present system of 
Nature, and tfieir aquatic existence. When a lake is 
drained we find great, quantities of shells in life silt 
which has filled its bed, but the remains of fishes and 
insects, and even of plants, arc rarely met with. 


British 

Conchifera. 


’ Drwrihetl IlecenlSjii’t ies 
IliitUli SpoTies. desrriheri 
Recent. Fossil, by Lamarck. 


Laincllihranchiu. 

Plagymyona 


396 

800 

Mesomyona . 


198 

197 

Bracliiopoda. 

Kquivalvia . . 


4 

— 

Inequivalvia . 

5 

159 

15 


259 

637 

1012 


The first thing which strikes us on comparing the 
catalogues of British recent and fossil bivalves, is the 
greater absolute number of the extinct species. The 
proportion is at present three to one, and when the 
strata shall have been as thoroughly explored as the 


snores, the number of our fossil conchifera will probably 
amount to a thousand, and be to the recent kinds as 
four to one. 

On more minute comparison, we learn that the most 
rcnuiYkahle discrepancy in the proportions is found in 
that singular tribe the bracliiopoda, of which above 1 :>(» 
fossil species are already described, while the recent 
kinds do not exceed five. Pei haps tin sc numbers on 
both, sides will be changed by further discoveries. At 
least filly .species of spirifenr, products!*, and terebia- 
tiilic remain to be described from the lower calcareous 
strata of England. 

We next arrive at the gasteropodous inollusca with 
simple univalve shells. p'd.*- 

These we shall arrange in groups according to then- 
places of residence. 



Pi-smhpil 

Ki’i'ailSpn ii" 


lliuish S peril'-' 

ill .'Mill'll 


lli'crlll, Fob'll. 

l»> Liiiiiiirck. 

Marine 

210 ;i!»8 

1 176 

Kstuaiy 

... — 21 

2:i 

Fresh water 

31 

:»o 

Terrestrial 

... 3J 21? 

274 


291 40 1 IS-J2 

Considerable difficulty is experienced in retelling 
certain fossil shells to their respective leant analogues; 
and in consequence it is vei y probable that iiismy nt the 
species above, ranked us estuary and land shell:-, tie* ci \ e 
a different arrange incut. This is puiticul: ily the cn*o 
With respect to the helices, heliciiue, and nulania\ 

According to the ordinary notion of their food. ga>- 
tcropoduus inollusca with shells ma\ be ranked thus; 

Ini'idt. Gnit'r.il. 

ili'ivni. F'ihsiI. Iti'iviii, 

Phytiphagn 233 203 780 

Zuoplmga (il 200 103b 

We are not aware that there are any fossil shills of the (\>ph.r,u 
class of pteropodous mollusca, but the remains of the i'*oti.i. 
cephalopoda are inconceivably numerous, and liir*ur- 
puss the recent kinds in both variety and magnitude. 

Jlrilish. 

ItlMVJll, Fi.ssjI. 

Cephalopoda ....... 4(i JCd 

The fossil cephalopoda belong for the most part to 
genera not yet discovered in a living state. 

The fossil species of vertebrated animals are compa- 
ratively very few, and 'some of them, especially iiriies, 
not so perfectly characterised as to admit of much accu- 
racy in their arrangement. 

The following summary is chiefly taken from Mr. S. 
Woodward's Synoptical Table • 

liritinli fossil. 

Fishes, Fresh water. | 

Marine .... I In various strata. 

W 

6 In “ diluvium’* and alluvium. 

Mummalia 1 In Stoncsficld slate. 

23 In diluvium, alluvium, &c. 

Considered ’according to their situations of ii/c, the British 
British organic remains present the following results: f‘ ss, l b P«- 

In the strata. 

( Vegetables 90 and mure. 

Terrestrial J Shells 21 f Mostly very doubtful, 

113 | Reptiles (Ptcrodactyli) I 

tM.imiiuiia 1 

f Ye^i iuI/ios & °r b 

Fresh water) .. . .pi p J Tlio gams l niu require* 

5G xo*»**i» \ reconsideration. 

I Fishes d ■ 


'Reptiles, Lind ...... 

Aquatic ... 
Birds 



European 
fossil Hp'J- 

Clfit 


Number 

different 

rucks. 


o50 


G E 0 L O G Y. 


Estuary 

28 


Marine 

1130 


rsiwii? ....... i». 

21 > 

Fishes 


Reptiles (Crocodile, 

\ 7 

. Kmys, Tuonyx). 

5 7 

Vegetables 

3 or 4 

Znophyta 

83 

itailiuria 

77 

. Shull. 

,909 

I Crustacea 

30 

| Fishes 

18 

1 Reptiles 

. 19 


In auprrjlriat ttl/nvtntn, diluvium , caves i §c. 

Birds 6 species. 

Mammalia * -9 

Such arc the numerical relations resulting; from a 
comparison of the extinct British species of Animals and 
plants on the one hand, with the recent organic Being's 
of Britain, and universal living races of the Globe 
on the other. These relations would doubtless have 
been considerably modified, had we found it possible to 
introduce accurately all the European species of fossils. 
But this task, owing* to the still imperfect state of dis- 
covery on the subject, but tar more to the unhappy con- 
fusion of synonyms, is at present hardly practicable. 
However, not wholly to neglect so important a datum, 
we shall take advantage of the information conveyed to 
us by B tong mart, Desliayes, ( i old fuss, Dalrnan, and 
other writers, to compile a numerical statement of the 
most remarkable and ascertained European fossils, and 
to put them in comparison with a corresponding estimate 
of the existing species. 

Remains of Animals. 




In Mijwirflci.il 

I-hing 



accnmnlfttious 

estimated. 

Mammalia 

. 35 

109 

noo 

Cetacea 

. 8 



— 

IVuil* 

. few 

few 

5000 

Reptiles . . . .• 

. 71 



2100 

Fishes 

. 183 



5500 

Insects 

. 74 

— 

loootm 

Crustacea 

.. 104 


500 

Annulo-a 

.. J<U 

— 

1000 

Cephalopoda 

.. 783 

— 

100 

Plcropoda 

.. r> 

— 

*50 ? 

Gasteropoda, Zonplia^a , 

. . 10 7 

— 

1700 

Phytipliugu 

.. 773 

— 

1400 

Oouclufera, Rrachiopmta 

. 379 

— 

40 

Mcsomyona 

. . 515 

— 

350 

1’lugymyoiui 

..1132 

— 

1400 

Tunirntn 

, , 


„ 

R.idi.m.i 

.. 27.3 


1000 

Polypariu 

.. 476 

— 

10(10 


6027 

J 09 

• 12-M90 

Plants 

.. 540 

— 

52000 


Thickness. 

505 

150 { 

No. of fossil 

Ratio. 

.Species. 

i} 

Species. 

to 

1 to 

Feet. 

12 

60 

5 

1 

to 

12 

60 

125 

2 

to 

1 

80 

40 

1 

to 

2 

150 

36 

1 

to 

4 

40 

60 

3 

to 

2 

5 

37 

7 

to 

1 

200 

30 

I 

to 

G 

30 

82 

3 

to 

1 

500 

21 

1 

to 

24 

60 

91 

3 

to 

2 

850 

V 

115 

none 

1 

to 

7 

215 

30 

1 

to 

7 

3000 

100? 

1 

to 

30 

2500 

p 

200 ? 
none 

1 

to 

12 

cooo 

20 

1 

to 300 


„ /hi ■- A- 1 /I " — ■ 

Chalk 50 j 

Cult of Speeton . 

Kitimieridge clay 
Upper calc grit . . 

Coralline oolito . . 

Lower caic grit. 

Oxford clay 150 

Kellovruv rock 40 

CornbraNh 

Upper carboniferous series 
Forest marble slate ...... 

Bath oolite 

Lower carboniferous series 

Lower oolite 60 

Lias and mudstone 850 

New red samlNtonu 
Magnesian limestone ....... 215 

Coal system «... 3000 

Mountain limestone ........ 2500 

Old red sandstmiu 
Slate system .... 

Grauitic rucks devoid of fossils. 

It is necessary to remark, that the proportions derived 
from the preceding Table would apply only in a general 
way to the same strata in the South of England, for 
there the number of organic remains in the chalk is, at 
least, triple of that in the Table, the thickness remain- 
ing the same, while the mountain limestone is consider- 
ably less rich in fossils. Still less is such a Table to be 
viewed as a representative of the results of researches on 
the Continent, for there the red sandstone formation con- 
tains a very large suite of organic remains, both vegetable 
and animal, while neither have yet been found in this 
rock in England. 

Wc shall now consider what are the kinds of fossils 
which are contained in these various strata : in other ^escom- U 
words, in what order of distribution the fossils are ur- pared, 
ranged in the Earth. 

A great difference between the present system of 
Nature, and that of which the relics are preserved in 
the Earth, is obvious to any one who considers the re- 
lative proportions of the different classes of each. But 
the most decisive proof of the enormous changes which 
have happened in this respect is found by a minute com- 
parison of the families, genera, and species. For except 
in the superficial and comparatively modern accumula- 
tions from ficsh-wnter lakes, floods, or tides, and in the 
most recent of all the strata, scarcely one specimen of 
all the thousands of existing kinds of plants or Animals 
is found buried in the Earth. 

The Earth contains the records of an ancient system 
of living Nature, which in its great outlines was calcu- 
lated much like that which we now sec in operation ; 
but of which all the details were different. The ancient 
sea nourished Saurians, but they were not our croco- 
diles *, fishes which are generally unlike the finny tribes 
of the existing era; innumerable shells planned on the 
same general principles, but executed to different pat- 
terns. The plants and the Animals of the ancient 
Continents performed the same relative functions as the 
vegetable and animal races of to-day, and formed purt • 
of a similar combination, but, as the circumstances of 
the Globe are now not the same as then, the forms and 
structures of its plants and its Animals arc adapted to 
the difference. 

But it must be obvious that to view the whole mul* Successive 
ti lode of extinct Animals and vegetables as the products eras offot- 


Disfribution of Organic Remains. 

The animal and vegetable fossils are very unequally 
distributed. For while some rocks are .wholly filled 
with shells, others are absolutely devoid of them. Thus 
the' forest marble, and coarse upper beds of Bath oolite 
arc composed of little else than shells, while the sand- 
stones of a whole coal district may contain not one. This 
does not depend either on the absolute depth from the sur- 
face of the Earth, at which any rock may be found, nor 
yet upon its relative depth in the series of strata, but it 
is a circumstance established by experience, and of which 
some of the causes remain to be determined. The follow- 

ing Table exhibits the proportionate number of species of 

fossils in all the principal strata of the North of Eng- of one ancient era, to confound together all the* various siltribc »* 
land, arranged according to their order of superposition, different strata which were successively the beds of the 
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ancient seas, would be to destroy the meaning of all the 
monuments which Nature has preserved of the long periods 
and successive developements through which our Planet 
passed before the completion of its present beautiful ar- 
rangement. Each stratum was successively the bed of 
the ancient oceans or lakes, and the remains with which it 
is filled were the creatures then living iii the waters or 
growing on the land. Each stratum, therefore, belongs 
to a particular period ; it is the museum qr repository in 
which Nature has preserved the plants and Animals of 
that period ; and the Geologist, no longer confined to the 
mere comparison of recent and extinct species, finds in 
the Earth the proofs of many successive creations and 
abstractions of life, many systems of Nature ; and by 
strict analogy and ample induction looks back through 
a long vista of revolutions, till the view is lost in the 
dimness and distance which hide the remote epoch, of 
which no evidence remains to show that the Earth was 
then inhabited by living creatures. 

The organic monuments of ancient Nature are eifher 
of marine, of fresh water, or of terrestrial origin. The 
corals, and by far the greater number of shells, are 
marine, certain strata arc filled with lacustrine reliquiie, 
and others with the spoils of the land. 

There is in general the most remarkable and con- 
stant distinction and contrast between the rocks which 
ore filled by marine remains, and those which enclose 
terrestrial productions. Calcareous strata generally are 
the most richly filled with the spoils of the sea, zoo- 
phytic, molluscous, and vertebrated Animals ; but they 
rarely contain terrestrial plants. Sandstones and shales, 
on the other hand, are almost the exclusive repositories 
of terrestrial plants, but, unless they are calcareous, they 
more rarely contain marine exuvife. The reason seems to 
be thut the calcareous strata were deposited slowly and in 
tranquillity beneath the waters of the sea, and thus en- 
veloped the dead and decaying animals of the ocean ; 
while, on the other hand, the sandstones and shales were 
more rapidly aggregated, in water too agitated to favour 
the accumulation of marine reliquiae. When We find in 
them few or no traces of land plants, we may perhaps 
presume that the currents to which they may owe 
their origin were marine, but when they are charged 
with ferns, equiseta, and other terrestrial plants, it 
seems evident that violent land-floods contributed to their 
accumulation. 

The deposition of limestone by Chemical precipitation, 
would probably happen over a large portion of the bed 
of the sea, and be abundant in proportion to the depth 
of the water: hence the strata of limestone would thicken 
toward the centre of the oceanic basin. They would 
ulso be more condensed, and of more uniform texture, 
and perhaps of purer composition, in that direction ; and 
since, from accurate observations of the habits of recent 
marine Animals, it appears that they do not multiply so 
much in the darkness of very deep waters as nearer the 
shore, we may conclude that fewer marine shells and 
corals, Ac. should be found near the central points of 
the basins of strata. 

How remarkably all these conditions agree in the 
limestones of the Alps, which appear to have been up- 
lifted from very deepwater, needs only to be mentioned. 
There, the rocks corresponding to our oolite, are vastly 
thicker, more dense, and incomparably poorer in shells, 
than the same strata toward the borders of the European 
basin. And if, in proceeding through France to the 
Alps, we stop to consider the Jura, we shall find its 
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oolites, in respect of thickness and hardness, ami quantity Geology, 
of shells of an intermediate character. ( h. F. 

On the other bond, sandstones and clays, being Mr- 
chanical deposits from agitated water, should of course hiltoral <!<j 
be. most abundant along the margins of the ancient l n,siUof 
sea, and at the mouths of ancient rivers, where the s ; l, “ lsf,,no 
strongest movement of the waters happened. They “ ,a ^ 
are essentially littoral formations, and should be found 
thickest, and most numerous, and must varied in cha- 
racter, toward the borders of the. basin, where the lime- 
stones nre the thinnest. And as the forces of tides and 
currents, however powerful, are irregular and limited, 
the Mechanical aggregates which they occasion must he, 
and in general are, more confined and irregular than the 
wide Chemical deposits of the deep sea. 

This supposition likewise agrees perfectly with what 
we observe in comparing the oolitic system of the dura 
and the Alps with that of Northern France and England ; 
for the clays and varied sandstones winch diversify this 
system in the latter Countries, and separate it into many 
distinct groups, are scarcely to be traced in the Alps or 
the Jura. 

Another case in point is furnished by the carboni- 
ferous limestone series of England. This limestone in 
the South of England is so- little divided by Mechanical 
strata, that in the Mendip Hills, near Bristol, and 
around the Forest of Dean, it is commonly supposed to 
be one thick rock. 

In the North of England it is much and evidently 
divided, and the number and thickness of the partings 
of shale and sandstone, and coal, increases continually 
Northwards.while the total thickness of the limestone beds 
grows less and less. At the same time the organic re- 
mains seem to become, if not more numerous, (a point as 
yet difficult to be detcnniued,)certuinly more varied inform. 

The oolitic system of England presents us with an- 
other valuable illustration of the same doctrines. 

The oolites of Somersetshire, Gloucestershire, and Lin- 
colnshire form a long range of hills, and arc only, and 
that not universally, divided by partings of clay and 
marly limestone. Hut as we advance into Yorkshire we 
find these spaces augment, and the widening intervals 
filled up by thick deposits of sandstone, shale, plants, 
and coal, which predominate so much in the section as 
almost to obliterate the separated, attenuated, and de- 
teriorated limestones. These, however, are filled even 
more than usually with marine exuvife. 

The concretionary or oolitic structure is, perhaps, 
more decided and constant toward the borders of the 
strata. It becomes irregular, and at length tails in pro- 
portion as the limestone is mixed with earthy impurities. 

At the extreme Northern range of the degraded oolitic 
system in Sutherland this structure, is nearly lost; it is 
irregular in the impure limestones of Yorkshire, be- 
comes perfect in the homogeneous strata of Gloucester- 
shire and Somersetshire, assumes more compactness in 
the Jura, and changes to dense limestone in the Alps* 

This is exactly what, d priori , would be expected to 
happen. Amidst the turbulence and admixture of the 
littoral deposits, a process so similar to crystallization 
could happen but seldom and unequally, there would be 
a point at a certain distance from the shore at which the. 
disturbance would prevent regular crystallization and 
yet would permit of concretion through the calcareous 
sediment, and still further the limestone would he more 
compact and subcrystal line. . 

Coarse conglomerates, for similar reasons, would be 
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most abundant toward the shores and more local than 
the finer sandstones and clays; which also would he 
most likely to contain the remains of plants, as these 
might he long suspended in the unsettled water, and 
be transported along with the finer matter. 

Tin- distinction here insisted on between conch i/e - 
row and phytiferuus rocks, is so important, that we must, 
in speaking of the distribution of organic; remains in the. 
E.irth, consider them apart ; ami while from the former 
we deduce the ancient condition of tin* sea at several# 
epochs, the latter will furnish us with analogous data 
from which to reason on the state of the contempo- 
raneous dry land. 

AYe shall commence with the Marine Fossils, and 
investigate the maimer of their distribution under two 
general heads: 1st, their lelalion to tile Chemical and 
Miuoralogical composition of the strata; 2dly, to their 
relative aiiliipiity. 

If the marine fossils are distributed in the rocks 
according to their Chemical nature, \vc shall fmd that 
similar locks contain similar fossils. This is certainly 
the case with respect to the zoophvtic animals, for these 
are almost confined to the calcareous stiata. Corals, 
and vaiious Animals of the class radiarij, abound in 
the transition limestone, carboniferous limestone, oolites, 
and chalk. 

The remarkable hruch'opodnus£ bivalves, .spiri- 
fera, product;*, peutainerus, terebratula, are also by far 
most abundant in the calcareous rocks. Ciryphaetc 
and smooth ovsteis aie found in the argillaceous strata/ 
of the South of England, from the lias uj)wards to the 
chalk. 

The 01 ganic remains of the different limestones of the 
oolitic formal ions have very remarkable general ana- 
logies. Thus the inferior oolite and the coralline oolite, 
the fuller's earth rock, and the eorubrash, hold very many 
c'oscly analogous species. Hut it must be remembered 
that the distinctions of the oolitic system in England 
me in some degree local, and probably dependent on the 
httor.il character of the deposits, and that in other parts 
all these subordinate strata coalesce together into one 
hardly divisible mass of oolitic limestone. The resem- 
blance of fossils in these strata may, therefore, rather 
be the result of their nearly contemporaneous existence, 
than ol the mere similaiity of the Chemical composition 
of the rock. 

These arc the most remarkable instances of the asso- 
ciation of certain organic forms with certain Chemical 
compounds; they are important data to support the 
opinion that, generally, fossil remains lie near the 
places where the Animals perished. Dpt it is evident 
that these few analogies by no means establish a general 
law. On the contrary, when wc proceed to consider in 
this point of view a large number of species, the resem- 
blance between the organic contents of one limestone 
and those of another of considerably different age, is 
wry slight and shadowy. And as no other .strata than 
the limestones exhibit it in a sti iking degree, it is evi- 
dent that some other cause than the ('hemical composi- 
tion of their repositories has regulated the inhumation 
of fossils. 

That cause is the subject of our next examination, 
the relative antiquity of the strata. 

That a strict connection docs really obtain between 
the age of n rock and the organic remains which it con- 
tains, is made evident by comparing a few well -ascer- 
tained facts. 


The mountain limestone of the North of England Geolcgy. 
contains, perhaps, 200 species of animal remains; the Ch. I. 
lias ) lb ; and the chalk 43. Now of all the 3!)8 species 
contained in the mountain limestone, lias, and chalk, re- 
spectively, there is not one which is found in two of these 
rocks. Neil her of these strata contains a single fossil which 
is found in either of the others. Between the era of the 
formation of (he mountain limestone, and that of the 
lias, the whole animal population of the sea hud been 
entirely changed ; and a similar complete renewal took 
place before the chalk was deposited. Anil in the 
Southern parts of England the chalk is covered hy other 
more recent strata filled with shells and other marine 
Animals, entirely different from all those which lived and 
died before. 

Fui thcr investigation has demonstrated, that conclu- identical 
sions thiisdrawu from local researches apply with con- fossils in 
side ruble accuracy in other situations, even at great dis- rocks of the 
lances where the same strata occur. A catalogue of the Sttmc 
corals, crinoidal remains, product sc, spirifersc, terebra- 
tulap, orthoceratitcs, and trilolntes, of the mountain 
limestone in Yorkshire, may be employed for labelling 
the fossils collected from the same rock at Naniut and 
Liege ; the lias of Whitby contains many of the same 
ammonites, and the same Saurian skeletons as the con- 
temporaneous beds at Lyme, and in AVestphaliu and 
W irlcmberg ; and the remarkable echini and belemnitcs 
of the English chalk accompany that rock through 
France and Poland to (lie shores of the Baltic. 

/; '■ The same observations have been made on the other 
conehifemus strata of England. Each has been traced 
through the Island, and its organic treasures have been 
explored at every point, gnd in this manner satisfactory 
proof has been collected, that along its whole course the 
fossils which it contains are almost entirely the same. The 
researches of foreign Geologists* luue demonstrated the 
truth of this law for the greater portion of the European 
basin of strata. The figures and descriptions of the 
English fossils arc referred to by the Geologists of 
France, Swisserland, and Germany, and no doubt re- 
mains that each extended stratum is the repository of the 
Animals inhabiting the sea at a certain period in the 
Earth’s formation, exactly as the- earthy bed of the pro-- 
sent sea now envelopes the remains of its present corals, 
shells, echini, and fishes. 

The general principle, therefore, which regulates the General 
distribution of organic remains in the Earth may be principle of 
thus expressed. They arc associated according to the 
periods at which they existed ; and they are enclosed in 
the rocks which were at those limes deposited by the 
water. And as in ancient times, much more than at 
present, the auirrpd remains over considerable breadths 
of the bed of the Northern Sea were nearly identical, 
strata of the same - age contain generally the same 
fossils. 

Ah ) because the inhabitants of the ocean were, in the 
course of time, conypfctgly changed, the old races having 
been Extinguished^ and new ones brought forward to 
occupy then places, strata of different ages contain 
generally different fossils. 

These important propositions form the groundwork 
of the history of the stratified rocks, and must be ever 
present in the mind of the modern Geologist. The 
honour of their discovery belongs to Mr. William 
Smith, an engineer of eminence, who, being employed 
in 1790. and the following years, in surveying collieries, 
and planning and executing a canal in Somersetshire, 
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O oology, established the English system of Geology upon the 
Ch. 1. following propositions. 

“ That the strata are laid upon one another in a certain 
definite order of succession or superposition, may be 
traced in continuity on the surface of the Earth, and nmy 
be discriminated when of different ages, and identified 
when ofthe same age, by their imbedded organic contents.” 
Gradual By comparing a sufficient number of fossils from all 
'•lmngt'H in the several stiata with analogous living tribes, we dia- 
tw races of cove r that those fossils which more nearly resemble the 
living kinds belong to the strata which were deposited at 
the least ancient period ; as for example, the crag shells of 
Norfolk and Suffolk, the London-clay shells of Hampshire 
and Ilighgate, which are all more recent than the chalk. 

In these situations we find the families, genera, and 
even species of shells so similar to recent kinds ex- 
isting somewhere or other in the Ocean, that though 
they are often very different from the productions of our 
neighbouring seas, we not the less perceive that they 
belong to a system very like that now established. 

On the other hand, those fossils which present the 
least resemblance to their successors in the modern sys- 
tem of Nature, belong to the older, and especially the 
oldest of all the conchiferous strata. It is in the transition 
and carboniferous limestones that the singular brachid- 
podous bivalves, products, spirifera, pentamerus, the 
remarkable genus orthocera, the zigzag ammonites, 
the still unexplained tribes of trilobites, the beautiful cri- 
noidea, chain corals, and favosites, compose a zoological 
suite, altogether unlike what now exists, a strange and 
antique order of beings adapted to the primeval deep. 

if we estimate the relative periods which intervened 
between the deposition of any given rocks by the 
variety and thickness of marine strata which sepa- 
rate them, we shall find that in proportion to the dis- 
tance of the strata from each other, in proportion to the 
difference of their ages, is the difference of their zoo- 
logical contents. Thus the fossils of the mountain 
limestone are more different from those of the lias than 
from those of the magnesian limestone. The lias fos- 
sils are wholly different from those in the chalk, but 
partially similar to those in the Bath oolites. 

M. J)is- The principle that the difference of the forms of ancient 
lutyiV re- organic life from those of existing nature is directly 
i,u ts proportionate to the difference of the epochs of their exist- 
ence, has been put to a severe and curious test by one of 
the best couchologists of France, M. Deshayes. Passing 
over the primary and secondary rocks, in which no plant 
or auimal has yet been found identical with a living 
species, he analyzes the tertiary fossils according to their 
relative antiquity, and obtains the remarkable result, that 
the lowest and oldest of the tertiary strata contain three 
and a quarter per cent, of species identical with living 
types ; that a second and less ancient group of these strata 
holds eighteen per cent, of such analogues ; a third more 
recent group forty-nine per cent. ; and the most recent of 
all these deposits contains little else than modern species. 
When we recollect that all these strata are of a date pro- 
bably anterior to the creation of man and the present races 
of quadrupeds, the results of M. Deshayes* investigation 
must be considered as highly valuable data towards 
forming a just notion of the great antiquity of the strati- 
fied rocks, the .long periods passed through in their 
production, and in the accompanying changes of organic 
life, the gradual nature of these changes, and the cor- 
respondence of the General System of Nature at all 
epochs, even amidst the greatest particular diversity. 

YOL. VI. 


Some fossils appear to have been in existence only Gi*.»loiry. 
during the deposit of one particular stratum, as fin* c 1 
example, certain product ie, spirifera*, trrlobites, in the 
mountain limestone ; axinus ob^curus, in the imigm^ian 
limestone ; ammonites Bucldamli, gryphiea incur va, in 
the lias ; ammonites callox icensis in the Kellou ay rock ; 
hamites of many kinds in theGuuU; anaurh)tcs,sputaugi, 
bdemnites mucronatus, in the chalk ; rostellaria macrop- 
tora in the London clay ; fusiis contrarius in the crag. 

These are said to be characteristic fossils of the strata, 

and, in general, very great importance is justly attached 

to their recognition; but no Geologist should permit 

himself to trust to them exclusively, for they are not 

always and invariably present, and he may he often 

culled upon to fix the date of a rock by the help of 

other witnesses. Many fossils are found in more than 

one rock, and the number of these will probably be 

much iucreosed by further inquiry. Thus in the South 

of England, plugiostoma giganteum occurs in the 

lias and inferior oolite, tercbratula intermedia belongs 

to the great oolite and cornbrash, pecteii lens is found 

ill the cornbrash, Kelloway, and coralline oolite, astacus 

rostratus and spatuugus ovalis range through the 

Kelloway rock, calcareous grit and coralline oolite t 

of Yorkshire; and mya literata appears in neatly the 

whole range of conchiferous strata from the in arl. stone to 

the coralline oolite inclusive. 

These facts entirely overthrow the notion favoured by 
some Geologists that each rock contains the relics of a 
distinct creation of animals. They prove, on the con- 
trary, that the changes were not sudden but gradual ; 
and suggest the hope that hereafter, when the laws of 
the distribution and transference of tin* existing marine 
races shall be better understood, and the history of the 
fossil species more complete, the phenomenon may be 
satisfactorily explained in accordance with the recognised 
laws of Nature, 14 constant in her ceaseless change.” 

It is generally observed that where the series of strata Gradations 
is complete, they are softened as it were one into ano- <>f 
ther by an admixture or alternation of ingredients. Thus, “j” 1 
for instance, in Somersetshire, the new r$d marl and Jk*t C .° inU " 
lower lias clays are’ sometimes softened into one 
another; and in Yorkshire, the Kelloway rock, Oxford 
clay, lower calcareous grit, coralline oolite, upper cul- 
careous grit, and Kimrneridgc clay are so blended at 
their junctions us to render it difficult to draw any hard 
line of separation. In such cases it commonly happens 
that several fossils of the low er rock arc continued into 
the next above, and thus the zoological change is as 
gradual as the mineritlogica! one. On the contrary, 
when two strata are separated by a bard and decided 
line, as, for instance, the coralline oolite and Kimmc- 
ridge clay near Oxford, we shaH generally be justified 
in suspecting that the lower stratum is imperfect, in 
consequence of the removal of its upper beds before the 
next stratum covered it. In this case the zoological 
contrast between the two rocks is as decided as the 
minerulogical one,’ and keeping in view the Linmeau 
adage, Natnra non facit saltus , we should be on the 
look out for Borne intermediate beds in other places. 

Such are described near Weymouth, by Sedgwick ; and in 
Yorkshire, have been named the upper calcareous grit. 

The chalk in England contrasts so entirely with the 
tertiary formations above, that we naturally expect to 
find in some oilier Country beds of intermediate charac- 
ter to connect them. These are found, at Mnestricht, 
where a sub-cretaceous, granular rock, intermediate in 
4 D 
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Cn'oio'Ty*. composition between chalk and calcairc grossier, con- 
II. tains many fossils of the cherlk, and several which 
strongly resemble those of the tertiary group. 

The researches of Sedgwick and Murchison in the 
Eastern Alps, have brought to light the remarkable 
Ciosau beds, which, by these Geologists, are thought to 
be of the same intermediate era. 

Ih oba bly more complete researches on this point will 
uuikc known a greater number of such intermediate 
strata, soften the contrasts In* tween contiguous rocks, and 
fill up all the blanks in the harmonious system of gra- 
dually changing marine deposits, characterised by cor- 
responding transformations of marine exuviae. 

UVm-s trial The remains of Terrestrial Animals embosomed 

aniui.tlsi in tl ic . Karlli are very few, and those of plants bear so 
an plants. j|j Cons j t | cra h| c a proportion to the Flora of the present 
age of I he World, us to give us much less information 
concerning the ancient state of the luud, than the marine 
extivia* afford of the former condition of the sea. 

Hut as far as they go they confirm in I lie most satis- 
factory manner the conclusions drawn from the consider- 
ation of marine remains, of the succession of systems of 
organic natuie. The plants which sometimes alternate 
with, and which overlie in immense variety and abundance 
the mountain limestone, are a group eminently distin- 
guishable from those which belong to the oolitic coal 
beds. In the former deposit, lepidodendro, sigillariro, 


stigtnari® ; in the latter, cycadete and zamine ; and QeoTbgv. 
the plants of the strata above the chalk are still of a Uh. II. 
different type. w "s,— - 

It would thus appear that the same systems of calca- 
reous rocks which contai-n the most remarkably different 
suites of zoological reurarms, likewise enclose in the alter- 
nating beds of sandstone and shale plants equally distinct. 

As amongst the marine, so amongst the terrestrial 
remains, those most decidedly unlike the modern produc- 
tions of Nature belong to the most ancient deposits. In 
the intermediate portion of strata the discrepance dimi- 
nishes, and in the most recent rocks, the plants strongly 
assimilate to the genera and even species which now 
cover the surface. 

We ‘might 'here examine the conditions of the laud 
and sea as to climate during the several epochs of organic 
existence, a subject of the greatest curiosity and in- 
terest, and for which an immense mass of materials is 
already collected ; but this investigation requires the 
statement of details which cannot be here with propriety 
introduced. We must, therefore, postpone the discus- 
sion till wo conic to treat of the strata and their con- 
tents in the order of their successive deposition. 

We shall then also enter into the history of the fresh- 
water formations which locally diversify the great mass 
of marine deposits, and contribute to elucidate the cha- 
racter of the ancient land and streams. 


CHAPTER II. 

DESCRIPTION OF THIS SERIES OF AQUEOUS DEPOSITS WITH THEIR IMBEDDED ORGANIC REMAINS. 


Series of Aqueous Deposits. 

General Having now stated general principles, useful alike to 
basis of the Geologist who investigates in the field, and to the 

rocks” 16 Khident who reads in tiis closet, we proceed to describe 

tlie successive systems of aqueous deposits, beginning, 
with the lowest of all, viz. those which rest upon granite 
ami other crystallized and unst ratified socks. That 
there is such a basis of crystallized rocks beneath all the 
strata, in all Countries, cutting off and limiting our ob- 
servations, and hiding whatever wonders are concealed 
below, is now universally admitted. The subjacent posi- 
tion of granite is so fully established by observation, 
that even when portions of it are clearly seen to be laid 
upon stratified rocks, no doubt is entertained of its 
having been in every ease ejected from its true source 
below all the strata. But the same observations, 
which so clearly establish this important law, as certainly 
overthrow the dogma, once held incontrovertible, that 
grauite is always the oldest of knowu rocks. They 
prove to u certainty that granite is of nil ages, or, more 
properly speaking, that its production has really no re- 
lation of age to the dejwsitinn of any particular set of 
aqueous strata ; but that it has been produced by 
agencies entirely independent of them, and only locally, 
and in one sense accidentally, brought into juxtu-position 
with them. This interesting discovery, from winch wc 
learn that the production of granite below the stratified 
rocks has been continued, perhaps without intermission, 
during the whole period of' the accumulation of the 
strata, has greatly changed and improved our concep- 


tions of the whole system of Geology, and is probably 
destined to clear still more the horizon of this Science. 

But we must be careful not to be allured by this new 
light too far from those inferences concerning the 
age of granite which it so properly qualifies. It does 
not follow, because some granite is more recent than 
chalk, that therefore all granite is more recent than 
gneiss and mica slate. It does not follow, because 
when in contact with granite veins gneiss nmy some- 
times assume perhaps more than even its usual granitoid 
aspect, that therefore granite is merely fused gneiss, 
that gneiss and slate arc incipient granite, and that 
common sandstone may in time become gneiss. 

But it does follow, as a matter of high probability, 
independent of further observation, that because granite 
has been formed at several periods duriug the deposition 
of strata, by agencies excited far beneath and independent 
of them ; und because, in some instances fragments, ami 
universally the disintegrated ingredients of granite, lie 
in the oldest strata, that the production of this rock was 
in progress before any of the strata were deposited ; 
whether those strata now rest upou that old granite or 
have been forced by subsequent convulsions into contact 
with newer portions of the same kind of rock. 

Whatever theory on the original formation of granite 
we choose to adopt, it must be allowed that the igneous 
action to which it owes its birth preceded the aqueous, 
which accumulated the lowest strata now observable. 

This being admitted, two points of inquiry suggest Primary 
themselves with respect to the age of the strata which strata 
have been called primary. First, are those strata really 
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Godoigy. the altered deposits of one long period of aqueous action 
Ch. XL p r j or A \\ tho secondary and tertiary strata, or have 
many repetitions of igneous action - primarized , to use 
Mr. Conybeare's remarkable expression, strata of all 
ages, secondary and tertiary, which happened to be the 
lowest At the points of action ? Secondly, may wc be- 
lieve, as the title of primary seems to imply, that these 
are the oldest of all the strata, the first that were laid by 
water upon the consolidated igneous crust of the Globe ? 
That these questions should be put at all will probably 
appear very surprising to those who have drawn all their 
notions on the subject from'books of some date, without 
attending to the rapid progress of geological opinions. 
™>l to le On the first question wc may remark, that it must be 
known only allowed that subterranean heat, operating chiefly by the 
characters c i ect * on me ^ te ^ Plutonic rocks, has transformed to a 
1 certain degree and limited extent, strata of all ages which 
were exposed to this action, and thus made the lias shale 
of Savoy, for example, approximate to the character of 
clay slate, In such cases, there can be no objection, we 
conceive, on the part of any Geologist to apply the 
same term to this change of the rock, which we may 
think fit to employ when treating of the analogous change 
presumed upon very good grounds to have affected in 
more ancient times the strata called primary. We may, 
therefore, adopt at once Mr. Lyell's term of melamor- 
phic , and designate by it all those parts of certain 
aqueous strata which have been transformed in structure 
or appearance by subterranean heal applied since their 
deposition. All strata then may become melainor- 
phic under given conditions, and may assume, locally, 
some of those appearances which belong, perhaps uni- 
versally, to the primary strata ; but are we, therefore, to 
deny the antiquity of these latter? or to group all such 
molnmorphic strata together aa of indefinite age, and 
merely characterised by proximity to igneous rocks? 
Surely nothing could be more in contradiction with the 
principle of classification of strata, the relative antiquity 
of their deposition. We can pot, therefore, agree to the 
term hypogene of Mr. Lyell as applied both to granite 
and the strata usually called primary. When applied 
to granite it is synonymous with, and may perhaps be 
preferred to Plutonic; when applied to stratified rocks 
its meaning is better conveyed by the term metamorphic, 
which wc shall apply to those portions of all strata, with- 
out regard to their age, which are in the altered condi- 
tion implied. 

tmt by their The true conclusion on the subject of the first inquiry 
position. then appears to be, that we are not to assume strata to 
be of the primary age merely because they appear to 
have undergone certain changes, analogous to those 
which gneiss or day Hlatc have sustained ; but we must 
determine their age by the very same methods as we 
use in any other case of stratified rocks, viz. by exami- 
nation of their position relatively toother strata, their 
* organic remains, and their original mineral composi- 
tion and structure. Examined in this way, there can 
be no doubt, we conceive, that the use of the term pri- 
mary as applied to the gneiss, mica slate, and clay slate 
systems generally, defining them as a certain mass of 
strata anterior to the secondary and tertiary rocks, is 
perfectly correct, because in all Countries where these 
rocks occur together, the inferiority of their posit ion is 
well proved ; and they have those general analogies of 
original composition, and those relations to orgqjuc re- 
mains, which would be sat'.sfactory evidence in every 
other case. Those who reject the term primary, and 


yet retain the use of secondary and tertiary, have eon- Geology, 
structed a series wanting its first term. r.h. H. 

The answer to the second inquiry cannot, perhaps, 
in the present state of knowledge on the subject, U- 
given with the confidence of assured impartiality. 1* 
certaiuly does not follow that because gneiss, fhr <x- .hMoJit* 
ample, is generally allowed to be. the lowest of the iWm water? 
stratified groups which wc can trace, that there mav 
not be other strata of a totally different nature below 
it, partially or wholly concealed by Plutonic rocks, 
still less is *t evident that suvh strata may not have 
existed, and been subsequently absoibcrl into the 
general mass of igneous roclcs below. Geologist* of 
eminence appear to think that granite itself is a deriva- 
tive igneous, ffom an earlier stratified rock ; and that 
as gneiss is certainly in some respects to be compared 
to partially fused samlsone, so it may be supposed that 
while, above, the mass of strata was augmented by addi- 
tions from water, it was diminished, below, by the trans- 
forming action of heat. 

Strange as this notion may appear we certainly are 
not at present in possession of facts sufficient to wholly 
disprove it. But neither are there any facts to raise it above 
the rank of a general speculation grounded on particu- 
lar and local alterations of stratified rocks. It cannot, 
therefore, be admitted for want of sufficient, evidence, 
and, perhaps, the following considerations will justify us 
in rejecting it. Many of the primary strata undoubtedly 
are derived from the disintegration of preexistent gra- 
nitic rocks. The character of the organic remain* in 
these strata is in general so remarkably contrasted with 
those which at present exist, that, joined to the diminu- 
tion and final extinction of their numbers as we descend 
in the scries, and the almost perfect identity of their 
characters over immense geographical areas, we seem 
really to behold in them the first terms of organization, 
the earliest records of the establishment unite upon the 
consolidated crust which overspread the fused matter 
within the Globe. 

However, without plunging further into premature Conclusion* 
speculations of this nature, we shall content ourselves .uimittcil. 
with the admitted conclusions. 

1. That there is a frequence of age to lie traced 
through all the stratified rocks, which may, therefore, 
be very justly grouped in any suitable number of mic- 
cessive divisions, as primary, secondary, and tertiary, 
and that these terms, if convenient, me not improper. 

2. That the scries of stratified deposits, whether wc 
know their first terms or uot, were laid upon a general 
busil or floor of Plutonic rocks. 

3. That the term primitive, whether applied to ig- 
neous or to aqueous deposits, must be abniduned, 
as affirming what is not, and perhaps cannot be 
proved. 

4. The alteration of strata by general igneous agency, 
or by the local contact of incited rdeks, beiug an effect 
wholly independent, both os to cause and period, of tlic 
deposition of strata, must be treated' in connection w.th 
the other effects of subterranean heat. 

Governed by these considerations, the succeeding part 
of the Treatise will form two clearly marked divisions : 

1st, the description of I lie products and operations o! 
water through all geological periods to the present tune ; 
and 2d, a similar account of the products and o\ era- 
lions of heat. 

Exceptions to this rule wiil occasionally occur wht-r.* 
it is necessary to notice the changes prod uerd b> i.-.nc- 
1 o 2 
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GcoKigy. ous agency in the condition of the bed of the sea, and 
Ch. 11. other circumstances which influenced the character and 
extent of the aqueous deposits. 

In the following description of strata, we shall retail! 
the general titles of Primary, Secondary, and Tertiary 
Strata, and divide them into several systems according 
to certain properties, or in agreement with their elective 
associations. The reasons which have determined the 
inode of arrangement in each case will appear in the 
history of the several systems. 

Primary Strata. 

System of Gneiss and Mica Schist. 

These strata, derived probably from decomposed gra- 
nitic rocks, with several subordinate and associated 
strata, all devoid of organic remains, constitute, accord- 
ing to the concurring testimony of geological observers, 
the lowest group of the whole series of Neptunian de- 
posits From the effects of heat upon these rocks, 
their natural analogy to granite is sometimes so much 
heightened, as to cause some uncertainty in distinguish- 
ing between them. The rocks of this whole series 
might without impropriety be termed granitoid strata . 
They are usually called primary, sometimes primitive 
strata. We use the former term in the same sense 
nearly us that in which M. Omalius d’Halloy employs 
the title primordial, and intend that it shall be under- 
stood to include the following system. 

System of Argillaceous Slate. 

In this argillaceous scries, which includes the whole 
mass of the slate rocks of England and Wales, lie the 
most ancient organic remains yet discovered. The cal- 
careous slates of C-acrinurtheushire, the black limestones 
of Norway, the shelly limestones of Shropshire, Dudley, 
and the Eyfel, belong to this division, which is generally 
known by the term of transition strata ; a title which is 
found convenient, but considered by many modern 
wi iters too theoretical to be often employed with pro- 
priety. We shall chiefly employ it to designate the lime- 
stones of this period. 

Secondary Strata 

as they occur in Europe. It is probable that other 
inodes of arrungemeut will be found necessary for other 
regions. 

System of Carboniferous Strata. 

Containing a very large series of sandstones, lime- 
stones, shales, coal, and ironstone, with ubundance of 
marine exu\i8e in the calcareous portions, and a profu- 
sion of terrestrial plants in connection with the coal. The 
lower part of the system consists principally of red sand- 
stone, the middle of limestone, the upper of coal shales 
and sandstones. The limestone 1ms been long known, 
iu England by the name of mountain limestone. 

System of Saliferous Strata. 

We have chosen this title, because rock salt is exclu- 
sively found in these strata in England, and is espe- 
cially abundant therein throughout Europe. This re- 
markable mineral is,, however, found, though not in 
Britain, in several other parts of the series of secondary 
strata. 

Red and white sandstones with red, white, and blue 
clays, gypsum and rock salt, constitute the mass of this 
system ; and locally enclose two principal calcareous 


rocks, the lower one usually charged with carbonate of Geology, 
magnesia, the upper one a shelly limestone not known Ch. II. 
to occur in England. ^ 

System of Oolitic Strata. 

Consisting in England of several distinct groups ofcal** 
carcous rocks, alternating with clays and sandstones which 
are often calcareous, the whole remarkably rich iu marine 
exuvia?, with local interpolations of terrestrial plants and 
coal deposits, and one estuary formation. 

The lowest limestone group is usually argillaceous, 
the others are mostly nearly pure carbonate of lime, and 
very generally oolitic. On the Continent many of the 
minute distinctions of these rocks disappear. 

System of Cretaceous Strata . 

Chalk with argillaceous marls and layers of nodular 
flint, form the most remarkable part of this system, and 
it graduates below to green, grey, and ferrugiuoussands, 
with layers of nodular schist, rich in organic, remains. 

Tertiary Strata. 

These form, properly speaking, only one great and 
various system of sands, clays, and coarse limestones, 
stored with great numbers of marine exuvite always very 
analogous to, and in the most recent group identical 
with existing species, locally interstrati bed with fresh- 
water deposits of marls, limestones, and gypsum. 

Above all these systems of strata lies a variety of 
tumultuary deposits apparently produced by violent 
action of moving water during and subsequent to the 
elevation of the tertiary strata, and enclosing in abun- 
dance the remains of extinct quadrupeds. These are 
termed Diluvial Deposits. 

Lastly, we have the products of modern rivers, lakes, 
and tides, or generally, the deposits, whether chemical 
or mechanical, which have been effected by water acting 
as it now acts, and where it has acted, since the last 
great revolutions by which the relative level of land 
and sea has been changed. These are palled AUuvial 
Deposits. 

Range of the Primary Strata. 

At all periods in the history of Geology, persons of study of 
enlarged views have passed over the limited areas of mountain*, 
particular Islands and Kingdoms and have sought to 
connect the results of their local inquiries with those 
drawn from similar researches elsewhere. In this point 
of view the long chains and insulated groups of moun- 
tains become of' the highest interest. These lofty peaks 
on which the snow rests for ever, whose rocks contain 
no vestiges of life, may be imagined to have stood up iu 
ancient times above the level of the waters, dividing the 
primeval deep into seas very different from those which 
now branch off from the Ocean. And though this sup- 
position is probably inaccurate, though modern re- 
searches render it extremely credible, that in fact the 
mountain ranges, far from limiting the ancient sea, and 
altering the nature of its deposits, were really raised 
out of its depths at periods comparatively recent, this 
does not diminish their geological importance. For if * 
by means of this uplifting we are made acquainted with 
some of the materials which would otherwise have been 
conceded from the eye of Philosophy, these mountain 
ranges must be studied as the basis of the whole system 
of Geology. 
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G Ch W' They form, so to speak, the skeleton of the Earth, and 
1 h * n * are the marking features of its topography ; their insu- 
lated groups characterise Kingdoms, their long connected 
chains divide the races of mankind, and define the 
geographical limits of the distribution of land animals. 
To the Geologist they have become still more interest- 
ing in consequence of a remarkable general law of their 
physical structure. For in all climates of the Earth, 
under every conceivable variation of external circum- 
stances, the principal ranges of mountains are every- 
where composed of similar rocks, and those originally 
the lowest, and in part at least the oldest, with which we 
are acquainted. By what violence from beltfw they 
have been uplifted to their present heights, so as to 
break through and rise from beneath the strata which 
were superimposed upon them in succession, is a capital 
question in Geology. 

These rocks arc the primary strata of gneiss, mica 
schist, slate, and their many associated strata, the depo-’ 
sits of water, resting upon and often pierced by granite 
and other crystallized compounds from fusion. An out- 
line of the mountain groups and chains which diversify 
the face of our Planet, seems, therefore, the best founda- 
tion for a systematic view of the strata which rest 
against these rocky barriers. 

Hi* lat ions of It has long been the fashion to all empt to establish 

mountain certain geometrical relations among the chains of 
an<l mountains, to refer them to particular parallels’ and pre- 
Kiouj's. dominant directions, but this labour, unconnected with 
Geological researches, seems to have been very fruitless. 
Perhaps it would be more correct to say the essence of 
the geographical relations amongst mountains is irregu- 
larity. For though we speak of long-continued chains 
and belts of mountains, it is very certain, in fact, that 
to be assembled in groups is the real character of moun- 
tain association, and that the chains ami belts are 
nothing but approximated groups. A Geological Map 
is in this respect a most valuable instructor ; from it wc 
see that, instead of the plains being insulated among the 
mountains, . instead of the upper strata appearing in 
small contracted patches like oases in a desert, they 
spread wide, and flow round the bases of the mountains, 
as the Ocean encircles the islands and continents. 
Among the few general remarks on this subject wc 
may observe, that the most insulated and many of the 
loftiest eminences on the surface of the Earth are the 
volcanic summits ; the most connected ranges of uni- 
formly high ground are formed by the secondary lime- 
stones. Finally, that the general outline of Countries 
is much influenced by the direction of their interior 
mountains. " 

European The Scandinavian chain, commencing at the North 
tuhiii. Cape, runs parallel to the coast of Norway, and gives off 
branches to the East which pass round the Gulf of 
Bothnia. The line of the Scandinavian chain may be 
imagined to cross the sea to Zetland, and from thence 
to proceed by the Hebridiau Isles and the North-West* 
ern half of Scotland to Ireland, where it is much 
broken into separate groups in the North, South-East, 
and South-West. of. the island. The Isle of Man, the 
South-Western part of Scotland, the Cumbrian group, 
the broken mountains of Wales, and those of Devon ami 
Cornwall, are so many Separate protuberances of the 
exterior rocks- of the Earth, which, with Bretagne and 
the North of Spain, compose the interrupted Western 
border of Europe. ' ; 

The Pyrenees, ranging to the East, may be considered 


as carrying on, the primary range toward the Alps, Gw, logy, 
which hold so long a course from the shores of the Me- I'h. II. 
diterranenn in a winding directimi to the Danube, and 
seem to prolong themselves in the inferior ridges of the 
Carpathians toward the Black Sen uud the Caucasus. 

If, now, wc consider Caucasus as continuing the Alpine 
line round the Caspian Sea to the lofty Paropamisan and 
Gaur mountains, and from thence turn Northward 
along the summit of drainage including the Sea of 
Azof; we come to the Uraliau chain, which leads us to 
Nova Zembln, and thus we find nearly all Europe, 
and a considerable tract in Asia, enclosed within this 
irregular circle of primary mountain groups ; and it may 
often hereafter he convenient to speak of this space as 
(he European Basin. It is within this region that the 
greatest variety of stratification has been observed. 

Within this area are the primary elevations of the 
centre of Fiance, the Ardennes, the Vosges, the Black 
Forest, the Thuringorwald, the Hart;?, and the Bohe- 
mian Circle ; South of it are the Sietras of the Spanish 
peninsula, Corsica, Sardinia, the Apennines, the Dal- 
matian ridges, and the mountains of Greece and Mount 
II annus. 

The mountains qf Africa are long, unconnected ranges. 

Atlas borders the Northern shore, a range parallel to 
the Equator determines the course of the Niger, and, 
perhaps, the prolongation of it defines the drainage of 
the Nile. The high land about the Cape runs in various 
directions. 

Another basin of about equal extent, hut more per- Asiatic 
fectly defined in its boundaries, and more uniform in its 
interior composition, is that great Siberian tract which 
lies to the East of the IJralian, and to the North of the. 

Altaian, Yablonoy. Stanovoy, and Kumschatdale tnouti 
tains. The vast Empire of China and Tart ary lying to 
the South of the Siheiian basin, and to the North of the 
Indian Empires, may be considered as a third great but 
divided basin between the Himula and Altaian heights.. 

The peninsular Indian regions, with their islands 
stretching toward New Holland, Persia, Arabia, derive 
their features from considerable primary mountains di- 
rected more purallel to the circles of longitude ; the 
Southern part of Africa is similarly defined by the long 
ridges of mountains which run from Cape Guardufui in 
the East, and above the sources of the Congo on the West, 
to converge about the Cape of Good Hope ; while the 
greatest breadth of Ihis pcuinsululed continent, from Cap* 

Verde to Cupe Guardafui, is coincident with the high 
mountains of Kong, Donga, uud Southern Abyssinia, 
and the North-Western projection is caused by the ele- 
vated Atlas. 

The interrupted system of primary mountains winch Principal 
extends from the Pyrenees to Behring’s Straits may he line . 
supposed to continue in the long and magnificent Cor- w . ,0l,,ltul,is ’ 
dillera parallel to the whole Western coasts of Ameiicn, 
while the North-Eastern shore is parallel to the Alleghany 
and its Northern connections, and between these ami 
the Western Cordillera, the vast basin of the Aii-sissippi 
pours its waters into the Gulf of Mexico. The East ern 
projections of the coast of South America, which is in n 
certain degree correspondent to that of Africa, aie owing 
to lateral extensions from the great Western Cordillera. 

Though the above enumeration and classification of 
mountains be extremely imperfect and subject to many 
- objections, it answers the puipose intended, which was 
to show that the leading features of our continents, their 
geographical extent and connections, arc dependent on 
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Gu.liigy. the linos of mountainous land, and as these are consti- 
( h Ii. luted of the lowest and oldest btratifted resting on gra- 
id tic rocks, it generally happens, as Mitchell foresaw, 
that in every Country the secondary strata arc arranged 
with refine nee fo the lines of mountains. 

lii'.iiiinont's cnt * r V*y l1 V w interest has lately been given 

Theory. M, bjcct in (consequence of the researches of an 

eminent foreign Geologist. Elie de Beaumont, from 
considerations of some observed accordances between 
the direction of mountain chains and the geological 
era of their uplifting, has advanced the hypothesis that 
these two circumstances arc always mutually dependent; 
and, in consequence, supposes that all ranges of moun- 
tains which were uplifted at the same period are parallel 
to one and the same great circle on the sphere. This is 
not the place to examine this curious question as fully ns 
it deserves, and we shall, therefore, only mention some 
of the cases in which thin ingenious Geologist supposes 
that the truth of his doctrine may’ he recognised. 

If a- great, circle be conceived to pass round the Earth 
through Natchez and the mouth of the Persian Gulf, 
and the directions of mountain chains be compared with 
it. it will appear that the Pyrenees, part of the Apen- 
nines, the Dalmatian and Croatian ranges, and part of 
the Carpathians, are parallel to it. Now in accordance 
with some researches of Geologists, M. de Beaumont 
supposes that all these mountain -chains were thrown up 
at the same geological epoch. Nearly parallel to the 
same circle are the Alleghanies of North America, the 
Omits of India, and the Paropamisan heights; hut further 
information must be acquired before we can be asked 
to admit that these mountains may have been thrown up 
at the same epoch. 

Another circle may be traced cm the sphere parallel to 
the Alps, from the Valais to Styria, and to this system we 
may refer the Atlas, the Caucasus, the Balkan, the 
Hininln, &e. ; and, according to the hypothesis of M. 
de Beaumont, these must have been all raised at so late 
a period as since the. deposit of the tertiary strata. 
This subject will again attract our attention. 

Gneiss and Mica Schist Systc?n. 

Principal This consists principally of the two following rocks r 
CiUiss nna 0 . (*"”*'* a roclt composed of the same mineral ingre- 
rniea scliat dients as granite, but laminated and stratified ; 
system- Mica schist, composed generally of quartz and mica, 

in alternate layers. 

With these arc associated, and often intermixed. 

Quartz rock , generally appearing like a semi-crystal- 
line or imperfectly granular mass of quartz, variously 
modified by small interspersed quantities, of mica, fel- 
spar, &c , sometimes more compact, and resembling the. 
quartz of veins, in other examples mixed with clay slate. 

Crystallized limestone mostly granular. 

Serpentine , a magnesian rock generally distinguishable 
by its softness, smoot hues*, and bright mottled colours. 

Steatite, a still softer and smoother rock than serpen- 
tine, generally of whiter colour. 

Potstone, a soft, often grey or greenish magnesian rock. 

Hornblende, schist , a laminated rock of hornblende, 
variously modified by felspar, mica, and chlorite, gene- 
rally in alternate laminin. 

Chlorite schist , a rock almost precisely similar to 
mica schist, with Lhe exception of the difference between 
chltMjUe and mica. It is subject to the same contortions 
as i§|a schist, and passes like it by insensible gradations 
to gneiss and clay slate. , 


Talc schist , mentioned by M'Culloch, is another of Geology, 
the fissile rocks which differ from mica schist only by Ch - 
the substitution of one mineral for another. It is rare. 

Witli respect to the order in which they succeed one 
another, nothing very definite can be advanced. The 
greater number of observations concur ill assigning to 
gneiss the lowest place in the system, a conclusion sup- 
ported by its evident analogy to granite, and in the 
same general way we may, perhaps, place quartz rock 
and chlorite schist in the upper part of this system, and 
next to the clay slate, with which, indeed, they are often 
associated. Limestone and serpentine nre so irregular 
and peculiar in their occurrence, that though, perhaps, 
their era is more definite than that of any other of these 
rocks, they can scarcely be employed to mark a geo- 
logical date. In some district or other nearly all these 
ancient rocks alternate with one another so variously 
and unequally, that what would be called the oldest rock 
in one region may be t^e youngest in another, and, 
therefore, it is no wonder if the attempts which have 
been made to divide the gneiss and mica schist system 
into several distinct formations, have wholly failed. It 
is not till zoological evidence is brought to bear on the 
subject that we are able to demonstrate completely the 
relative age of strata, by distinguishing different deposits 
and different ages of the same kind of rock. 

That the materials of the mechanically aggregated GneiW 
gneiss rocks* of the whole scries of strata, in fact, except origin, 
tlie calcareous rocks, are derived from the disintegration 
of more ancient granite and other crystallized compounds, 
is an opinion which is strongly impressed upon every 
Geologist while examining the composition of gneiss. 

The ingredients of gneiss and granite arc the same, 
quartz, felspar, and mica; they are mixed with the like 
accidents and permutations, and occasional admixture 
of other minerals, and are subject in both to the same 
extreme variation of size. But these rocks differ in the 
most essential point of view under which they can be 
compared, viz. the mode of arrangement among their 
constituent masses. The ingredients of granite are 
so connected together by contemporaneous, or nearly 
contemporaneous crystallization, that one substance 
penetrates and is united into another, and we are com- 
pelled to conclude that they were accumulated together 
not in distinct pieces ready formed, but that they ac- 
tually never had a separate existence as solids until 
their different properties were developed by crystalliza- 
tion from a fused mass. 

Ori the contrary, gneiss well characterised hIiows evi- 
dently, by some degree of wearing of the edges and 
angles of the quartz and felspar, and much more de- 
cidedly by the laminar arrangement of the mica, and 
consequent minute stratification of the rock, that its 
materials, ready, made and crystallized, were brought to- 
gether and arranged by some mechanical agent, princi- 
pally influenced by gravitation, iu fact by water. Could 
any doubt remain on this subject after a sufficient ex- 
amination of gneiss strata, in all their gradations fiom 
a rock resembling granite to a fine grained fissile mass, 
hardly distinguishable from clay slate, it would be at 
once removed by comparing them with a suite of sand- 
stones, many of which, like gneiss, are composed of gra- 
nitic debris and strongly allied to it in structure, but 
most evidently aggregated by water. 

In a great majority of instances, gneiss rocks imme- 
diately follow granite; being then composed of the ma- 
terials of that rock which had suffered the least degree 
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of waste and abrasion, it is no wonder that oil several 
occasions it should strongly resemble its parent. And if 
we allow, what may probably be true, that the heat of the 
granitic nucleus was then sufficient in some place# mate- 
rially to alfcct the consolidation of the strata on the bed 
of the sea, we shall perceive another cause why the most 
ancient mechanical strata approach in character to the 
Plutonic rocks. 

Though the disintegrated materials of granite com- 
pose almost universally the substance of gneiss, fraq- 
ments of granite are most rarely discovered in it. This 
circumstance, combined with its numerous laminae and 
crystalline aspect, seems to iudicate that the aggregation 
of gneiss happened without any great degree of tur- 
bulence or laterul motion in the water. It may, perhaps, 
lead us to suppose that in those early periods the 
fluctuating temperature of the bed of the sea contributed 
sometimes to accelerate the aqueous decomposition of 
the granite, and afterwards at intervals to burden its stra- 
tified materials into gneiss. 

Gneiss beds are of extremely various thickness, and 
the lamina* of which they consist are subject to such 
extraordinary curvatures, that it is often very difficult to 
trace them. 

Where other rocks alternate with gneiss, as hornblende 
slate or mica slate, the stratilicalion is rendered very 
evident, but otherwise the beds are less regular, and are 
often discontinuous, as in micaceous sandstones and in 
argillaceous slates. 

The contortions of the himinre of gneiss arc observed 
to he most numerous and surprising, where, as fre- 
quently happens, veins of granite, quartz, or felspar 
divide this rock.* These veins cross the laminae at 
various angles, and generally cause some peculiar twists 
along their sides ; they not unfrequently insinuate them- 
selves between the lamina?, and in this case, when thick 
and extensive, may be mistaken for alternating strata. 
It is probable that many cases of supposed alternation 
between gneiss and granite may be thus explained, and 
that in other cases the rock called granite may be really 
a coarsely granular gneiss, whose particles have been 
very little moved by water, or unusually affected by* sub- 
sequent application of heat. 

Gneiss being one of the most extensive stratified 
rocks is a rich repository of minerals, both in the New 
mid the Old World. Garnets frequently, zircon, beryl, 
disthcnc, epidote, tourmaline, rutile, oxide of tin, oxide of 
iron,sulphuret of molybdena, more rarely, .are disseminated 
in its land nee. The veins of quartz, calcareous spar, 
carbonate of iron, and sulphate of barytes, which divide 
it, contain the sul ph ure ts of lead, copper, and zinc, native 
silver, tin, &c. ( Brazil , Humboldt,) and many other 
minerals occur in the calcareous strata which alternate 
with or are enveloped by the strata of gneiss. 

Gneiss alternates with granite in the Iieisengebirge 
and in Quito, and iu some cases graduates into the cha- 
racter of granite, as on the Southern declivity of the 
Titlis and Jungfrau ; (Humboldt ;) more frequently it 
exchanges beds with mica schist, hornblende schist, and 
granular limestone and clay slate. These rocks are 
sometimes in such small quantity as merely to mark 
lines of division in the mass of gneiss, but at -other 
times they swell out to great thickness. The limestone 
beds in particular are remarkably local and irregular in 
tlicjr occurrence, and instead of extending, like the more 
recent calcareous strata, throdgh large tracts of country, 
appear in the form of large lenticular masses, enveloped 


on every side by the predominant rocks of gneiss. The Geology, 
term subordinate, tm a great scale, is not irnpmpcily ^'h-Hi 
applied to these lenticular rocks, though in local Geology, v — 'Y— 
their occasional great extent ami comparative regularity 
may entitle them to be classed under an independent 
tille. Thus Charponticr arranges the granular lime- 
stone of the Pyrenees. 

By the substitution of hornblende for mica, gneiss 
gradually changes to hornblende whist ; the loss of ils 
felspar approximates it to mica schist, the diminution 
of its mica produces the resemblance of quartz rock. 

A finely granular state, with more evidence than usually 
appears of watery friction among the particles, almost 
transforms gttcfcs to sandstone; a more minute admixture 
of its ingredients, with a predominance of chlorite, 
gives it the aspect of argillaceous slate. In all the^e 
cases great caution is required, and its geological rela- 
tions should always he consulted before dccidiug on the 
name of this Protean rock. These gradations happen 
most frequently at the junctions and alternations of the 
several rocks. 

Mica schist, like gneiss, appears to have derived its in- Mira schist 
gredienfs from the destruction of granitic rocks ; but it ur *gin. 
generally contains but little felspar. May we conjecture 
that this mineral, which is easily acted on by ordinary 
agents, was itself decomposed during the disintegration 
of the granite, and mostly dissolved, leaving the quartz 
and the mica to be arranged by the water in the alter- 
nate layers which render this rock so remarkable? 

The lamination of this rock is subject to much un- 
evenness, in consequence of the irregular size and 
arrangement of the pieces of quartz, and the undula- 
tions thus occasioned on the micaceous surfaces, are often 
further modified by interspersed garnets. Besides, this 
minute inequality, the lamimc of mica slate ure liable 
to the same contortions and curvatures as those of 
gneiss; the same difficulty often occurs in tracing its 
beds, similar and very numerous veins of quartz tra- 
verse and mingle with its layers, and when in contact 
with granite it is locally penetrated by similar granite 
veins. 

Various minerals are similarly disseminated through Minerals, 
it, as garnet, emerald, beryl, disthene, tourmaline, felspar, 
epidote, hornblende, columbium, mol\bdenn, rutile, oxide 
of tin, wolfram, oxide of irou, grey cobalt, native gold. 

Its metallic veins are of the same nature as those in 
gneiss ; it alternates in the same way with quartz rock 
and the other slates, and encloses similar deposits of 
limestones. It seems, therefore, almost superfluous to 
say, that the line of rigid distinction between the mica 
schist and gneiss can only be drawn in the closet. Vet, 
in fact, on a great scale the tivo rocks retain their typica' 
characters over large tracts of country, and must be 
considered apart. 

Quartz rock, in the greater number of instances, seems Quartz 
a more recent deposit than mica schist and gneiss, rock. # 
though indeed, by an easy change of its composition, it 
becomes nearly identical with them. This circumstance, 
combined with the internal evidence of texture, seems 
to decide tfic question of the origin of quartz rock, and 
to prove that, however altered by subsequent igneous, 
action, it is originally a Neptunian and mechanical de- 
posit. The degree of compactness which it exhibits 
varies through a large range, in some cases approaching 
the loose granular character of sandstone, in others 
the density of the quartz of veins. In Ibis latter case it 
seems that the mass is composed of fragments so firmly 
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(ivnlnjty. united as to suggest the idea of their having been fused 
Ch. 11. together since their deposition from water. Perhaps, 
^ also, in some cases, what has been considered as quartz 
rock may be really an expanded or overlying vein. 
Minerals. In South America this rock is the repository of many 
rich ores and metals. Native gold is found in Brazil 
in a stratified rock of quartz, and micaceous iron ore, 
which is suspected by M. Eschwege to be the original 
repository of diamonds, and appears to be intimately re- 
lated to quartz rock. The flexible quiu tz of the same 
country is a granular rock with drusy cavities containing 
topaz and amethyst. (Urongniurt.) 

Crystalline Crystalline limestone is in general observed tobestra- 
liinuhtoiie. tified, frequently to alternate with gneiss and mica schist, 
t* ongin. ttll( | j s therefore a Neptunian deposit. Its frequent high 
stale of granular or saccharoid crystallization may per- 
haps be due to changes operated since its deposition, and 
partly occasioned by .the action of subterranean heat, 
of course more sensible in the lower than in the upper 
calcareous deposits. 

It is didicult to imagine that such a rock could be 
formed by crystallization from water, often in lamina 
exceedingly thin and regular, and alternating with evi- 
dently mechanical deposits. That the calcareous matter 
of many rocks, at first precipitated in sediment, has 
been since arranged in crystalline and concretionary 
masses, is certain. Thus the oolitic structure, thus the 
crystalline cement of the Lincolnshire oolites, has been 
occasioned. These effect*, it is now known from artifi- 
cial trials and from observations in Nature, are more de- 
cisive when heat and pressure operate upon the par- 
ticles. By this combination, the earthy sediment of 
chalk is condensed into crystalline limestone. 

The deposits of crystalline limestone, whether dis- 
tinctly stratified or not, are in general detached and 
limited, and so entirely enveloped in the strata of gneiss 
and mica slate, as to compose but a subordinate meinlier 
of those extended formations. This fact appears to in- 
dicate that in the earliest periods of Neptunian opera- 
tions, the precipitation of calcareous matter was occa- 
sioned by agencies of a more local and limited nature 
than those which produced the broad strata of lias, 
oolite, and chalk. 

May wo imagine that the accumulation of these nu- 
cular or lenticular masses wus determined by local 
developemcnt.s of subterranean heat, which directly, by 
change of temperature, or by intermediate, chemical 
agencies, might render the calcareous matter insoluble ? 
However we may seek to explain it, the fact is un- 
doubted, that during the aggregation of the gneiss and 
mica .slate systems, a large quantity of calcareous sedi- 
ment was deposited, not in one uniformly extended 
stratum, but at scattered points, and in unequal quantity. 
And this irregularity of deposition continues to be ob- 
served in an inferior degree in the limestones of the 
„ clay slate system, which are often lenticular, but jabove 

thii point, when the influence of the internal heat must 
be supposed less intense and more equally diffused, the 
calcareous strata become nt once more abundant, more 
regular, and more uniformly extensive. 

Minerals. Though primary limestone be, in fact, a simple rock, 
its aspect admits of many variations from the unequal 
* admixture of other mineral;aubstanccs. Of these the 
most frequent are . mica, talc, . and steatite, the latter of 
which often communicates a green or mottled colour to 
the whole rock. Crystals of nugite, (Tiree,) garnets, 
and felspar, (Col, de Blmhomme,) occur in it in some 



places, and tremolite and argillaceous slate lie upon its 
lamina?. It sometimes assumes a brecciated character, as 
if composed of limestone fragments, and more rarely 
contains fragments of rocks of the gneiss and mica 
slate system. 

It is the fruitful source of statuary and architectural 
marble, contains a great variety of minerals, and is 
locally traversed by veins of quartz, felspar, and granite, 
and by veins of cobalt, galena, iron. 

The limestone associated with gneiss and mica slate Contains no 
is usually, perhaps always, destitute of organic remains; or K ai ? ic 
while jmi t of that associated with clay slate almost in- remtt,us 
variably contains shells, trilobites, or corals. The gneiss 
ami mica system may therefore he considered as hypo- 
zoic, or beneath the Btrata which contain reliquiae of 
life; while the clay slate system is clearly epizoic , or 
within the zoological era. Rut this distinction, when 
applied to such vast thicknesses of rock devoid of these 
remains, and variously alternating, is rather doctriual 
than practical, and being founded solely on a comparison 
of the calcareous strata, we shall so restrict any use 
which we may find it convenient to make of these terms. 

They are besides theoretical tcrrtis; for if we suppose the 
crystalline limestones devoid of organic remains, to have 
derived their peculiar texture from changes subsequent 
to their deposition, under the influence of subterraneous 
heat, it is possible that the absence of organic remains 
may be often a consequence of this change. This iu 
possible ; at the same lime it must be owned, that cir- 
cumstances hereafter to be mentioued concerning the 
limestones of the slate system above, appear strongly 
confirmatory of the hypothesis which these terms in- 
volve. 

What observations remain to -be made on the other 
rocks associated with gneiss and mica slate will be found 
in the following section. 

* 

Districts of the Gneiss and Mica Schist System . 

The extent of Countries occupied by gueiss and mica 
schist, with their associated rocks is enormous ; and there 
are few districts of sufficient area where granite appears, 
without being followed by these deposits. But tne 
order of their succession, and their relative thickness, 
are very uncertain. In some districts gneiss, iu others 
mica slate, in others quartz rock, make up the whole 
visible system, and are immediately succeeded by clay ’ 

slates. There are even cases where the whole system 
is wanting, and large areas of |jranite are immediately 
invested by clay slates and limestones containing organic 
remains. In England,. for example, gneiss and mica I n 
schist, and primary limestone, and quartz rocks, are land » Ac * 
almost unknown; hut in Ireland, and especially in Scot- 
land, they are abundant, and include among them 
many gradations, chlorite slate, talc slate, hornblende 
slat*?, &c. 

In Cornwall and Wales the granitic rocks are almost 
universally succeeded by modifications of clay slate ; and 
though in Cumberland the graqite of the river Culdew is 
indeed covered, by rocks, having the character of gneiss, 
mica schist, and dark hornblende slate, (proviucially 
called whintin,)* their area is inconsiderable, and the 
lattcir rock koon Changes to clay slate/ At a place called 
Martindale, at the Eastern foot of Caldbeck Fells, is a 
fine-grained variety of gneiss in very thin, straight la- 
mina). ^ 

Granite veins are rarely known to divide any of the 
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Geology, rocks of this region* Quartz rock occurs in the Lickey 
Ch. U. Hill ne ar Bromsgrove, and gneiss and quartz rock were 
found by Mr. Horner bordering the granite of the Mal- 
vern Hills. 

The general order of succession among the primary 
strata in Scotland may be represented in a diagram as 
in pi. i. fig. 12. but it must be remembered that all the 
terms of the series are seldom coexistent in the same 
vicinity. 

Gneiss in Gneiss is abundant in Scotland, particularly in the 
-Scotland. Northern and Western .parts, and being exceedingly 
variable in composition, is very often undistinguishable 
from mica schist, under which head apparently M. Bout* 
has preferred to class many of its varieties. 

* Gneiss constitutes almost the whole* mass of Iona, 
Tiree, Coll, Rona, and the Hebrides, and enters largely 
into the composition of .the Zetland Isles, which are 
in some measure to be viewed as a prolongation of 
the Hebridian group, as Ihe Orkneys appear to be 
an extension of the Eastern rocks of Caithness. 
Ilousa, Burra, Whalsay, Out Skerries, and Yell, and 
the Western parts of Fetlar anil Unst,. and part of 
the Mainland of Zetland, are gneiss. The remainder ’ 
of the Mainland is principally mica slate, and the two 
rocks are partially separated from each other by an in- 
terrupted deposit of limestone. The. gneiss is often 
porphyritic, as in Unst ; at Hagrasattervoe (Hibbert, 
Edin. Phil. Jour. vol. ii.) it appeurs to contain masses 
of granite os well as lobe traversed by veins of sicnite 
and talcosc granite. Kaolin is derived from it in the 
Mainland and in Fetlar. Gneiss exists likewise in the 
Orkneys around the granite of Stromnes s. (Boutf.) 

In the Hebrides this rock changes often from the 
typical mixture of quurtz, felspar, and mica, by the 
substitution of tafeose minerals and hornblende for mica, 
by the omission of the quartz, and by the interlamina- 
tion of argillaceous schist. Some varieties are ex- 
tremely slaty, qnd suffer rapid decomposition ; others 
approach nearer to granite, and present rude and naked 
surfaces and precipitous faces, with few brooks and little 
alluvium. The direction of the strata in the Hebrides 
is North-East and South-West, but the declination is 
obscured by frequent contortions, which in Macculloch # s 
opinion arc most frequent in the vicinity of the granitic 
veins which divide all the gneiss rocks, except those 
which are^ associated with clay slate ; ami the drawing 
Which he presents of the contorted laminin of gneiss and 
hornblende slate, in connection with ramifying granite 
veins, near Cape Wrath, seems to justify his views. The 
lamina of gneiss are often peculiarly bent, or apparently 
dislocated along the line of the veins ; and sometimes 
masses of this rock are curiously enveloped in their 
substance. 

The veins are not often filled with granite of the or- 
dinary kind, but with a compound rock, in which felspar 
highly predominates, so. as to form in several places 
(Harris, South Uist, Rona, and Coll) a real graphic 
granite, which in Coll contains garnets. Veins of 
quartz, occasionally metalliferous, likewise traverse the 
gneiss of Coll and Tiree, Garnet, rose quartz, zircon, 
hornblende, epidote, fluor spar, iron pyrites, and sul- 
phuret pf molybdena, occur in the gneiss. 

Mica schist is not abundant ;ifc tne Hebrides, but in 
Rona, Coll, and Three* it alternates; universally with 
the gneiss,. /' '"*}• 

Gneiss' occurs in tt)any places, as round the granitic 
mountains of Brffitnar andJLachin y gair, at Kincardine 
vot. vr. " .-y , 1 « f 4 


in Ross- shire, and other points in the extreme North of Geology* 
Scotland ; but the most abundant and interesting do- Ch. II. 
posit adjoins to the granite of strontium * 

It forms the beautiful and picturesque region around 
Loch Sunart, which strongly resembles the Trosachs 
of Loch Katrine, being equally rich in wood, and re- 
markable for intricate confusion of rugged surface. 

The curvatures to which its lamina; arc here subject 
are very numerous and extraordinary, veins of quartz, 
felspar, and granite are extremely common, gurnets 
abound in it at certain points, and the metalliferous 
veins with carbonate of strontian, harmotome and 
remarkuble calcareous 6par are highly interesting. On 
the Eastern side it is bounded by porphyritic musses, 
but in other directions appears to be overlaid by mica 
schist, to which its composition approximates. 

But the principal part of the Highlands is occupied Mira whist’ 
by the mica senisf formation, whose strata, ranging with in3c °tlimd. 
more or less regularity North-East and South-West, not- 
withstanding the interruption to their continuity by the 
unstratififd rocks of the Br&mar mountains,' and the 
groups of Ben Cruachan and Ben Nevis. 

The South-Eastern limit of this vast deposit is the 
line of the foot of the Grampians from the Forth of 
Clyde to Stonehaven. Deposits of red sandstone, Has 
and a carboniferous part of the oolites border the East- 
ern coast from the River Spey to Duncansby head, and 
extend through the Orkneys ; rocks of igneous origin, 
associated with the preceding, mostly occupy St. Kilda, 

Skye, Rum, Eigg, Mull, parts of Ardnamurchan and 
Morvcrn. Within these limits, and with the exception 
of irregular masses of igneous rocks and of gneiss, the 
whole of the vast space belongs to the mica slate system, 
with its included quartz rocks, limestones, serpentines, 
potstones, its associated hornblende and talcosc slates, 
and its overlying clay slates. 

The mountains of this system of rocks are formed 
into little groups separated by deep valleys anil long 
lakes, and their bases being usually and thickly covered 
with birch, underwood, and sometimes with forests of 
oak, while their summits rise often more than 3000 
feet above the lakes, the beauty of the scenery is admi- 
rable. Scenes, indeed, of an alpine character are very 
rare in Scotlaiid, and, perhaps, nowhere occur except 
In the Cuchullin mountains of Skye and the granite 
peaks of Arran ; but very grand and imposing e fleets are 
produced by the combination of narrow woody defiles, 
precipitous slopes, and rocky crested summits. The 
general outline of the mountains is pyramidal, but this * 
form, elegant at a distance, is broken on a near survey 
by fantastic projections, and bare cliffs, and by nume- 
rous channels, which after storms are changed into a 
multitude of waterfalls. The valleys destitute of lakes 
arc usually wild and barren, and covered with scattered 
rocks.. r 

Several of the most remarkable valleys in the High- 
lands follow the ranges of the strata, as for example, the 
extraordinary valley of lakes which are united by the 
Caledonian Canal whose highest summit is but 90 feet 
above the sea, the valley of the Spey, Glen Tilt , Loch 
Tay, Loch Long, Loch Fyne, Loch Awe. M. Bond 
observes, that the longitudinal valleys arc remarkably 
narrow as if mere slits in the country, while the nume- 
rous transverse valleys are in general more widely 
expanded. 

One of 'the most interesting valleys in Scotland is 
'VCRen Roy, rendered classical by Macculloch's description 

4 b 
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Geology, in the Geological Transaction $. Two narrow, parallel, 
Ch. II. contiguous terraces, perfectly l£vel and continuous along 
the whole length of the glen, mark the higher part of its 
bordering slopes with a singular and most surprising 
character, the effect of aucient load operations of level 
water ; most probably an included lake, whose lofty barrier 
at first subsided a little, and then gave way altogether. 
It has been with less probability conjectured that these 
lines are the traces of the ancient margin of the sea, left 
uninjured duriYig a subsequent elevation of the whole 
country to the extent, perhaps, of 1000 feet. By the 
natives of these wild regions they have been traditionally 
supposed .tp bo the works of man in the fabulous 
Ages. 

Am might be expected, the forms of the mountains, 
and especially the shape of their summits, is considerably 
characteristic of the kind of rock which constitutes them. 
Compare, for instance, the irregular head and broken 
slopes of the Coble r and other iriountnins of mica slate, 
with the smoother sides and less anguloted chloritic top 
of Ben Lomond, and the conical summits of quartz on 
Henan, Schehalliou, and the Papa of Jura. 

Neither arc the features of the volleys and waterfalls 
independent of the nature of the rocks which they tra- 
verse. The unequal hardness of mica slate, iu particu- 
lar, is often evident in the rapid streams, by singular 
hollows and pits in their course, and deep cavities under 
the cascades. A waterfall near Loch Earn Head exhi- 
bits this feature very remarkably. 

The most important point of view under which mica 
slate can be considered mineralogitfally, is the well- 
known variation and entire change of character to 
which it is subjected by alteration in the proportions and 
permutation in the nature of its ingredients. It cannot 
be thought surprising that a rock, constituted probably 
of the debris of many granitic aggregates, should be 
extremely various in its composition. M. Bond is of 
opinion, that we may observe on a great scale these 
variations to be dependent on the general principle, that 
in proportion to its antiquity or proximity to granite, 
mica schist becomes more felspathie and more quartzose, 
in fact, more like gnetos ; and ou the contrary, that in 
proportion as it recedes from the fundamental rocks, it 
becomes more talcose, more chloritic, more argillaceous, 
iu fact, more like clay slate. 

Examples of gneiss-like mica slate are found in rilen 
Tilt, Daluacardoch, and many other points of the Blair 
Athol Country, near Tyndrum, and sparingly around the 
granite mountains of Arran. 

Jri some specimens (Glen Roy) it appears composed 
of little else than mica folded and twisted round garnet 
crystals, in other cases (Ben Nevis) the garnets form 
almost distinct layers. In some cases (Glen Roy) the 
t white mica and quartz form very smooth and attenuated 
latnintE, in others (Trosachs, Loch Earn) the quartz is 
in thick irregular plates, which mark one of the grada- 
tions to quartz, rock. 

Quartz Quartz rocks and quartzose mica slates are seen, in 
tock in the North of Scotland, in Moidart, along Loch Shiel 
Scotland, and JLodh Eil, and the Eastern side of Loch Linnhe. * 
. . Above the granite of Glen Tilt, quartz rocks abound in 
Ben y glo€, and several mountains round the granite of 
fimniar, and may be well studied in .the valley of the 
Bruar'near Blair. They reappear in Mount Alexander , 
and on the sides of Loch Rannoch, constitute the py- 
ramidal summit of Scheliallion, and ou the borders of 
the granitic desert of Rannoch Heath are traversed by 


granitic and pqrphyritic veins. Further West ihe Myology. 
Island of Jura is distinguished by the obtusely conical 
quartzose mountains ‘called the Paps of J ura, and the 
salne rocks extend into Isla. Dr. Hibbert has described 
the quartz rocks in Zetland. 

Talcose and chloritic slates, holding* an intermediate Tulcnge 
mincralogieal character between clay slates and mica hi 
schists, also for the most part occupy the intermediate 5>co1 an * 
geological position. They may be well studied ou the 
banks of Loch Lomond and Loch Fync, and several 
points on the South slope of the Grampians, where they 
are often rich in quartz, and remarkable for minute un- 
dulations and greater contortions. Chlorite slate is also 
found ill the Long . Island, and in Fctla'r and Uust. 

The mica schist of the Highlands very generally con- 
tains garnets, which are of various size and occur 
under different circumstances. It seems difficult to 
explain the very common association of garnets with 
mica schist and gneiss, except by admitting that this 
mineral is one of the , effects of heat applied to those 
rocks since their deposition. 

Hornblende rocks, especially hornblende slate, occur Hornblende 
in various combinations With mica slate. Hornblende state in 
is seen plentifully in Glen Tilt, and is much traversed Scotland, 
by granite veins, on both sides of the Pass of Killicrati- 
kic, South of Schehailion, North of Ben More, in the 
upper part of Loch Lomond, and under Ben Cruachan. 

Serpentine, a rock whose geological relations are very Serpentine 
imperfectly understood, occurs in Scotland at inpny in Hcot “ 
places ; accompanied generally with talc or steatite, and ' an<1, 
Stallage rock. It is said by Bout* to be most frequently 
placed among the upper beds of talcose slate, though 
occurrences of serpentine, in small quantities, accom- 
pany the limestones of Iona,- Glen, Tilt, Harris, and 
Tircc. (Mncculloch.) On the South side of the Gram- 
pians it occurs only at Cortachie on the North Esk, 
but through the North of Scotland its localities are more 
scattered. (Near Drimnadrochit, near Inverness.) The 
serpentine of Portsoy, said to be .employed in some 
of the apartments at Versailles, forms 11 three vertical 
beds,” one of them enclosed between hornblende rocks, 
another between hornblende rocks ami primary lime- 
stone, and the third between quartzose talc slute and 
mica slate, which is covered by beds of limestone, horn- 
blende slate, and talc slate, and the junction of all 
these rocks is softened by a mutual exchange of ingre-« 
clients. In Scalpa, an irregular, highly inclined bed, one 
hundred yards thick, of serpentine traverses the gneiss pro- 
montory of the lighthouse, and exhibits at its boundaries 
against the gneiss abundance of hornblende crystals, 
layers of talc slate, and a sublorninaled structure. It 
contains steatite, asbestos, & c. The granite veins here 
observed traverse both the gnei&s and its included ser- 
pentine, and in the latter rock talc is superadded to the 
ingredients of the vein. 

Serpentine exists also in Lewis, and ocours jn Zet- 
land in considerable abundance and beauty, both in the 
Mainland, in Fetlar, and at Brassa Sound in Unst, 
where it contains chromate of iron in sufficient abun- 
dance to be of considerable value in commerce. 

Potstone is found in Glen Elg opposite to Skye, and 
• la the serpentine of Scalpa. But the most remarkable rock 
of this kind is found at St. Catharine's near Inverary, 

‘on the opposite side of Loch Fyne. It is imperfectly 
slaty, and has been employed hi the erection of the man- ' 
sion of the Duke of Argyle. * Bou<£ also adds as locali- 
ties, the districts of Strathearn and Breadalbane. 



GE OLOGY. 


Goolofcy. Primary limestone. One of the most important of 
Cb. II. the subordinate or interrupted rocks which diversify the 
' w v vast surfaces of gneiss and mica slate in Scotland re- 
Primary mains to be noticed. Sp much has been before said on 
limestone ^ composition of this rock, that we shall here dwell 
m co no. Qn question of the relative ages of the differ- 

ent deposits. In the ahsence of organic remains, we can 
only esomine the associated rocks, and the textjsreof the 
limestone itself. Tlie white marbles of Jona are found 
in a system of rocks by some referred to mica slate, but 
considered by Maoculloch to. be gneiss. The variously 
coloured marble of Tiree with its imbedded augite and 
hornblende lies in a system of alternating gneiss and 
mica slate. That of Glen Tilt, characterised by its accom- 
panying tremolites, lies in a quartzpse mica slate, asso- 
* ciate<J with 1 hornblende slate; Notwithstanding the 
want of agreement in character between the limestones, 
and the more important differences between the rocks 
which enclose them, some Geologists think these lime- 
stones are of the same age. 

Bou£, following up the notices of Macculloch, traces 
the line of the Glen Tilt limestones to the Earl and to 
the West. In the Western direction they proceed from 
Gow's bridge, crossing the hills at Lude, tending to- 
ward the South, passes through the Glen of Fincaslle 
ami across the valley of the Tumcl. It is conjectured 
that limestones of the same rtinge continue by Mount 
Alexander, and the base of Schehallion, from whence it 
proceeds through Glen Lyon to the side of Loch Tay, at 
the foot of Ben Lawers, reappears in Crien Larich, at 
the entry of Strath Fillan to ibe West of East Tarbet, 
in Knapdale, and the head of the valley of Cro£. 

Eastward from Glen Tilt, this limestone is traced in 
the course of the North Esk, and in the valley of the 
Dee near Braunar, &c. 

So extensive a range of limestone rockB in the direc- 
tion of the strata of mica slate, seems, indeed, to require 
uo additional evidence of its being throughout a con- 
temporaneous deposit. The limestones on Loch Lag- 
gan and Loch Eil in Inverness, and at numerous other 
points in Aberdeenshire, are referred by Boud to the 


Second 
range of 
primary 
imicstooe. 


of 

Ireland. 


same era. 

A second range of limestones, lying chiefly in argil- 
laceous and chloride varieties of mica -slate, is consi- 
dered by the same author to be of more recent origin. 
The points are near Blairgowrie, at the foot of Ben 
Vorlich on the North side of Loch Earn, Balquhidder, 
Inverary, Knapdale, and Lorn, aud' the limestones of 
Balahulish, Caimdow, and Dalnmlly, as well as those 
which run from Bo harm to Bamff, are classed with 
these mate recent limestones. 

Perhaps the relations between all these points may 
not. have been correctly ascertained. In every attempt to 
trace a contemporaneous line through the older strata 
devoid of organic remains, much must be trusted to 
vague analogies; but there seems excellent reason for 
admitting that these calcareous rocks, like those which are 
more perfectly traced among the newer strata, were the 
produce -of a lew definite periods, and uPt mere irre- 
gular formations having jk> relation to each other in 
respect of .time. \ , • . 

The granite of the Isle. of ISfaft is v followed l>y very 
little gneiss,, mica slate, apd quartz rock’. The mica 
slate is traversed by veins of quart* and schorb (Ben- 
slow, Geol. TrniiA.) ' ** ? ■*.- * 

The older strata of the North oflrphtnd may iia, con- 
sidered as in part a prolongation' of thdaf of Scotland; 


563 

thus the extensive formation of mica slate in Loudon- Geology, 
derry and Donegal is on the line of the chain ot the C’l II. 
Grampians, continued through Jura and Isla; and the 
clay slate ridges which border the Motirue mountains 
run in the direction of the Mull of Galloway and the 
Clay slate chain of the South of Scotland, while between 
these two systems x>t slates arc carboniferous liniestone > 
red sandstone, and other strata of newer origin, corre- 
sponding to those which separate the analogous chains in 
Scotland. 

The mica slate rocks are principally of the talcosc 
varieties without garnets, but producing hornblende. 

Deposits of laminated primary limestone of different 
colours, containing talc, quartz, hornblende, or pyrites, 
with veins of quartz, chlorite, and calcareous spar, occur 
in the mica slate, in many parts of Antrim and London- 
derry. Hornblende slate likewise forms .distinct beds iti 
the mica slate of this region, and felspar porphyry is de- 
scribed under tfie same circumstances. (Berger, GeoL . 

Tran a.) 

In the South-Eastern part of Ireland, granite is ex- South of 
tensively seen, and mica slate forms two ranges along its Ireland- 
Eastern and Western boundary, and wherever it occurs is 
in direct contact with the granite. On the Eastern side of 
the granite it runs in a narrow course North-East aud 
South-West, dipping stfeeply South-East, and consists of 
alternate layers of mica and quartz of extremely variuble 
thickness. On the Eastern brow of llochetowu Hill 
mica slate runs into a natural hollow , of the grnuite, 
still retaining the North-East and South-West direction 
of its struta. Ou Moulin Hill it is singularly aud fan- 
tastically contorted on the small scale. There is a pro- 
longation of the body of'mica slate ut the head of Glen- 
macanass, gradually narrowed in its Western progress, 
and constituting a wedge- like mass, inserted into the 
body of the granite, and enclosing a seeming bed of gra- 
nite six to tea yards in width, besides irregular masses 
of granite incorporated with the slate. In the same 
vicinity greenish, scetile, talc slate lies imbedded in the 
mica slate, and is used for various purposes of architec- 
ture and sculpture. 

In Glenmalur occurs a remarkable instance of decided 
alternation of granite and mica slate under circumstances 
very favourable for its display. In a space of 208 
fathoms no less than five distinct alternations of gra- 
nitic beds, with as many layers of mica slate, are 
clearly traced, and several of these beds are compound, 
or really made up of similar alternations of granite aud 
mica slate, or quartz aud mica slate. The great mass 
of grauiU is below, and die great ass ol mica slate 
above,' constituting the hill called Lugduff. Grermtite 
abounds in ibis slate. 

Similar alternations occur in other neighbouring 
places, making a total thickness of one-third of a mile, 
and the w hole system ranges North-Easi and South-W cst, 
aud dips South-East. Oil the North-East they probably 
abut, aud terminate . against tlie granite. The mica 
slate on tlie summit ol Luguaquilla is likewise inter- 
stratified with granite. ,Cl*y slato bounds it on the 
East, and atlength, coming into contact with the granite 
pots off its further progress to the Souths 

On the Western side of the granite the mica slate is 
still less, extensive. It is found to enclose beds, ami 
elliptical m ass es -of granite in Gleiiismoula ; and it is 
mentioned that a granite vein, four to eight inches wide* 
ranging 2 b° North of West, cuts off the mass of aliet- 
Ufttifig strata, without occasioning any displacement. In 
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In Brit- 
tany. 


In the Py- 
renees. 


the same valley are two distinct beds of compact green- 
stone porphyry in the mica slate, one four feet wide, 
the otiier two feet. Andalusite abounds in the mica 
slate of this country, ahd greenstones of various kinds 
alternate with it. 

The frequency of the phenomenon of alternation be- 
tween mica slate and granite is a singular feature in the 
Geology of this part of Ireland, for the full display of 
which we are indebted to Mr. Weaver. ( GeoL Trans , 
vol. v.) 

The tract of old jocks in the North-Western part of 
France is one of the most extensive in Europe. The 
granite, generally the most elevated, is separated from 
the secondary strata by a system of gneiss and mica 
slate, and by another system, into which they pass almost 
indefinitely, of clay slates. In the Departments of Cal- 
vados and La Manche these two systems appear as 
zones around the granite, the gneiss being within the 
clay slate. Quartz rocks of blue colour, and pegina- 
. tites with tourmaline, are associated with them, and 
veins of quartz and granite traverse them. (De Cau- 
monf, GeoL du Calvados .) 

The granitic masses of the narrow chain of the Pyre- 
nees having been uplifted in much confusion, are very 
irregularly bordered ; in several places they are overlaid 
by gneiss and mica slate, but generally by the clay slate 
series. Charpenticr, a disciple of Werner, thinks the 
gneiss of the mountains which border the valley of 
Soulati, so intimately connected by gradation and alter- 
nation with the subjacent granite, as to be necessarily 
United therewith into one formation. In many instances 
gneiss and granite are described as alternating in very 
thin layers. In other -cases, vast blocks of micaceous 
gneiss of 100 cubic fathoms' bulk are buried at inter- 
vals in granite, always preserving one constant relative 
position or direction of strata. These are thought by 
C’harpcntiev to be of contemporaneous origin with the 
granite, which passes into them at the sides, and thus 
intcrluminates the gneiss. 

Mica slate, in the same manner, is intercalated with 
granite in a great many places, and quartz and felspar 
bands occur in the granite. In many places in the 
Pyrenees the “ granite" contains beds of stratified gra- 
nular limestone, (such us in other districts lies in the 
gneiss,) with graphite, talc, ttuor spar, mica, horn- 
blende, &c. 

The more modern view of these phenomena is that 
they are quite consistent with the doctrine that granite 
is an igneous, but gneiss and mica slate originally 
aqueous rocks, and that in some cases what is called 
granite, is in fact gneiss with the aspect of granite, de- 
rived from a more than usual condensation and greater 
effect of heat, M. Bout*, Dufrenoy, and other writers, 
have proved beyond a doubt the powerful action of heat 
along the Pyrenean chain, as evinced not only by the 
usual subcrystalline character of the clay slates, but 
also by # the metamorphism of the chalk into the characters 
of primary limestone, with abundance of metallic and 
granitic veins at the line of junction of the altered 
stratified aqd the igneous rock. The age of the ertiption 
of granite along this chain is, by observations of Du- 
irenpy, determined to be, at least in part, posterior to 
the chalk. 

it is extremely probable that the same kind of expla- 
nation will be found to apply, equally to the alternation 
of granite and slates in Ireland and Cornwall, and to 
the alternations of porphyry and "slate in Cornwall. 


North Wales, and Cumbria, Ills to be remembered, how* Geologv 
ever, that the igneous theory, as it has been termed, does ^ 
not by any means require that all these beds of seeming 
granite should be pronouqped to be altered gneiss, nor 
that the beds of porphyry ‘ should be considered as 
altered clay slate. Alternating igneous and aqueous 
action is perfectly intelligible, and exemplified in modern 
operations of Nature ; but certainly in many coses, both 
in Cornwall and Cumbria, it appears the more correct 
view to suppose a gradual and partial rearrangement of 
the materials of the rock, through the long action of 
heat. This would well agre*e with the indefinite bounda- 
ries of the porphyries of Cornwall and Cumbria, which 
often pass by insensible modifications into ordinary 
slate. 

The great central plateau of old rocks in France Jrom central! 
which the Loire, Vienne, Dordogne, &c. ‘.take their France ' 
source, is chiefly a granitic and porphyritic tract, sur- 
rounded by oolitic and carboniferous rocks, but clay 
slates and gneiss rocks appeur in the valley of the Vienne, 
and occupies a large part of the Southern boundary. 

Near Limoges are alternating beds of granite and 
gneiss, and some'subordinate beds of pegmatite and horn- 
blende rock ; the gneiss passes by one variation to granite, 
by another to mica slate. The ranges of the strata near 
Limoges are North-East and South-West, and they are 
crossed by decomposing el van courses to North North- 
East. Tin veins occur near Vaulry in gneiss as well 
as in granite. Towards the borders of the district the 
gneiss becomes less granitic, more associated with horn- 
blende slate, and encloses deposits of micaceous lime- 
stone. Serpentine lies in this gneiss in many places, and 
M. Cordicr appears disposed^ to refer them all to one 
contemporaneous, though interrupted deposit. The peg- 
matites and kaolins, which have resulted from them by 
decomposition, of St. Yrieux, form numerous veins and 
strings in the gneiss and hornblende slates, which some- 
times intercalate themselves between the lamime. Quartz 
rock of bluish colour exists likewise in the Black Moun- 
tain a[nd elsewhere. Oxidulated iron abounds at many 
points in the gneiss ; galena, phosphate of lead, carbonate 
of copper, antimony, and hematite, arc the products of 
the veins. (Desnoyers.) . 

. The most remarkable alterations of secondary lime- 
stones take place, according to Dufrenoy, along the line 
of junction with the granitic and porphyritic masses. 

Thus the lias and oolite become metamorphic, and are 
traversed by metalliferous veins, as in Cornwall and 
Brittany, where the slates are metalliferous principally 
in the same situation. * 

After these details of the circumstances attendant on Other 10- 
gneiss and mica slate at so many interesting points, we ift 
shall only add some general observations on the range * uroDe * 
and extent of this system of roc|c9 in other Coun- 
tries. Gneiss and mica slate in small quantity occur 
in the Vbsges, and gneiss more abundantly in the Black 
Forest. 

The long irregular chain of the Alps contains a vast 
quantity *of gneiss and mica slate, variously extended 
around the talcose granite cores of Mont Blanc and 
St. Gothard, from, the Mediterranean almost to the 
Danube. 

Deepty buried beneath the valley- of the Danube, 
gneis;) and micasl&tc do uot reappear around the granitic 
origin of the Carpathians. Their place is supplied in 
this chain by. a Vast deposit of clay slate. 

The primary mountains which encircle Bohemia are 
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Geology. on all the Southern half granite. Gneiss and mica 
Ch. if. g] a t e are siiperadded on the West, and the former rock 
] n particular abounds in the Erzgebirge. The Ricsen- 
gebirge granite is bordered on the North by gneiss, on 
the South and East by mica sl&te, and these rocks are 
associated with granite in the' range which 'divides the 
drainage of the Oder and the Elbe. 

These rocks are most extensively spread over the 
Northern parts of Europe, from Copenhagen round the 
Gulf of Bothnia, along the Uralian^ chain toward the 
Caspian Sea and the Caucasus. 

In Amo- In America, Humboldt describes gneiss as less abun- 
rica< dant along the high chains of the Andes than along the 
inferior mountains of Caracas, in Oronoko, Brazil, New 
Spain. It is occasionally auriferous, and contains mica- 
ceous, primary limestone. The most considerable masses 
of mica slate mentioned by this distinguished traveller 
are those of the Cordillera of the shore of Venezuela. 
This formation in the Andes is less rare in the North 
than in the South of the Equator. No where, perhaps, 
is the total suppression of mica slate formations more 
frequent than in the Cordilleras of Mexico and South 
America. 

The Eastern primary range of North America pdsses 
through the United States from the St. Lawrence to the 
Mississippi in a direction nearly parallel to the coost/and 
generally 100 miles distant from it. 

Gneiss is the most extensive of the primary strata in 
the Northern States of America,' filling large tracts in 
New Hampshire, Massachusetts, Connecticut, the High- 
% lands of New York, Pennsylvania, Virginia, &c. and the 
Southern Counties. It retains in general its place next 
to the granite, and is oilen succeeded by hornblende 
rock. It contains deposits of primary limestone, " cal- 
careous sandstone,” and in several places, laminated 
plumbago, adularia, zircon, magnetic non ore. 

It is traversed by veins of granite in IIaddam,full of 
beryl, schorl, and other minerals. 

Mica slate is lcs9 extensively spread, and occupies a 
narrower course in Massachusetts, Connecticut, the 
Highlands. 

Talcose slates succeed, and granular limestone appears 
in ranges above it in Connecticut, Pennsylvania, and 
Maryland. It is often magnesian or dolomitic in Massa- 
chusetts and Connecticut. 

Quartz rock occurs in the Western part of Massa- 
chusetts. 

Slate System . 

Inversely It may be taken a9 a general rule that the two sys- 
proportional terns ’of rocks which compose the primary strata are 
Lneiss and * nver8e ty proportional to each other. Countries which 
mica schist. “bound with gneiss and mica schist are ihdeed seldom 
quite devoid of clay slate ; but they also seldom contain 
it in great quantity. 1 On the contrary, where clay slate 
is extremely abundant, gneis9 and mica slate are les9 ex- 
tensively developed. This is at least very much the case 
in the primary mountains which surround and diversify 
the basin of Europe. 

In Scotland the Grampian ranges, and, in fkct,‘ all the 
Northern primary strata of that Kingdom, are princi- 
pally composed of mica schist and gneiss, while clay 
slates prevait almost exclusively in the Southern chain 
‘ of the Lammermuir and Galloway ranges. ’ As before 
* observed, the mica slate system in Ireland is distinct from 
the clay slate tract. The Cumbrian granitic rocks are 
surrounded by clay slates in great plenty and variety 


but there is little gneiss or mica slate. The same is Geology, 
observed in ’the large primary tracts of Wales, Devon, t:h. II. 
and Cornwall, and it is a characteristic feature in the 
Geology of the Harz. 

For the purpose of clearly unfolding the relations of Cumbrian 
the various argillaceous, calcareous, and conglomerate * ] * iv ,li# * 
rocks which compose the vast and variable mass of the <nct * 
clay slate system, it is desirable to fix our attention upon 
some district where the variety of the rocks is consider- 
able, and the order of succession is perfectly known. 

Such is the district which overlooks the Northern Eng- 
lish lakes. We shall, therefore, describe it as a type of 
the clay slate system, and refer to it as a constant term 
of comparison. 

The granite of Skiddaw is covered by gneiss and 
hornblende slates. The latter rock gradually changes 
to the chiastolite slate and other argillaceous slate of 
Skiddaw. The argillaceous slates here commencing 
form a series of three members, distinguished by their 
mincralog-ical characters, and a constant order of succes- 
sion. See pi. i. fig. 13. 

The lowest slate rock 9 of the system range 'to the Dark lowest 
South-West from Skiddaw and Saddleback by Grisdale ■*•*■*• 

Pike to Dent Hill, filling the valleys of Derwentwater and 
Crumniock water. South-West of Buttermere, they are 
concealed by the elevated ranges of High Steel and Red 
Pike, but reappear in the lower parts of Ennerdale, and 
abut against the limestone border near Egremont. 

The slate of this district is generally of a dark bluish 
colour, and of very uniform texture, soft, fine-grained, 
and very fissile, and has been employed in the vicinity 
of Keswick and Ilesket Newmarket for roofing houses ; 
but for this use it is not very suitable, for it easily 
perishes in the atmosphere. In consequence of its 
want of durability, the mountains of this slate have 
smoother contours, more uniform slopes, and a more 
verdant surface than those of the following series. 

In one point on the South-Western edge of Derwent- 
water we have observed an undulated variety of this 
slate of paler colour and more shining surfaces, indi- 
cating an approach to the nature of chlorite slate. 

Chiastolite is imbedded in the lower part of the rock in 
Skiddaw and Bowscale Fell. Where this slate shows 
itself by the sides of the lakes, its laminae appear to be 
generally vertical, and often flexuous. Veins of quurtz 
are frequently seen penetrating and intcrlum mating its 
masses. In several places they yield abundance of lead 
ore ; and in the district called Newlands, abundance of 
carbonate of copper, and some cobalt. Mr. Ot ley states 
that the lead veins run North and South, and those of 
copper East and West. Steatite is found in Borrow- 
dale, and mixed with the slate in Martindale. Two 
salt-springs have been detected in it near the upper end 
of Derwentwater. 

These rocks, sloping to the South-East and North- 
West from Skiddaw and Saddleback, aYe covered by c 
the middle system of slates. These are- best deve- 
loped on the South-Eastern slopes, and occupy a long 
range of mountains parallel to the Skiddaw slates, in . 
those highly picturesque and romantic valleys wherein 
the lakes of Ula water, Hawes water, Thirlmere, and Wast- 
wuter, spread their beautiful waters. 

The lowest rock belonging to this system is a red, 
argillaceous, fissile stratum, abundant in the Eastern 
shores of Derwentwater, especially about Barrow and in 
St John's Vale, in both localities resting upon the 
Skiddaw slate. 



568 


GEOLOGY. 


i.'rtio^y, It is a very singular rock, characterised universally by 
U\. II. , its mottled colours, and apparently heterogeneous coin- 
T^ r T’ / P 0811 * 011 - * ts tts pcct reminds us of an old red 
mi rock, sandstone conglomerate, but on closer inspection the 
seeming certainty of its breed at ed character vanishes; 
the seeming fragmeuU of which it is composed appear 
to he scarcely more than colour spots, und we leave the 
rock very undecided as to its origin. In some cases, 
however, it must be owned, the appearances of aggrega- 
tion are very difficult to withstand. It is distinctly stra- 
tified* with dip to the South-East, and is of considerable 
thickness. Its pervading tints vary from bright red to 
purple, and in proceeding up Borrowdale, rocks succeed 
iu the same geological position, at first blue, and after- 
wards greenish, while the flceming^onglomerate aspect 
becomes less distinct, the spotting is smaller, the hard- 
ness greater, the rock splits vertically, and becomes, in 
fact, a coarse green slate. Amidst the numerous varie- 
ties which succeed, we perceive about the Bowder stone 
some remarkable laminated beds, with talcose surfaces, 
and variegated with nodular concretions of calcareous 
spar, green earth, and differently coloured quartz or 
calcedony, having altogether very much the aspect of 
amygdaloid. This peculiar slate, which seems to i ndicate 
the united agency of water and great heat, dips in the 
same direction as the red rock of Burrow, und thus helps 
to prove that iu this tract the vertical' cleavage of slate 
is transverse to the lines of deposition. It appears to 
harden and change character in Wallow Crag. There 
arc, perhaps, repetitious of this remarkable rock in other 
parts of the slate systems, since it occurs at the upper 
end of Ulswatcr, iu Helm Crag, Louglirigg, and other 
points about Grasmere and Eltcr Water, iu Ulpha, and 
other places. But it is possible that these may be the 
same beds ; a conjecture supported by the fact, that red 
rocks, like those of Barrow, lie beneath them at Gras- 
mere. And, indeed, in Helvetian ami other mountains 
we see the coarse slate rock vary, through all appear- 
ances from amygdaloidal slate to fragmentary grey- 
wacko, and this again assuming more regularity, re- 4 
seinblcclay porphyry, from which its uncrystalline felspar 
and recurring fragmentary structure do not always 
clearly distinguish it. On the other hand, we see the 
coarse rocks of Borrowdale and Putberdale lose their 
' spotted aspect, become more uniformly green, more re- 
gularly fissile, and change to the fine-grained green 
slates of Langdalc and Coniston Fells, or the pale grey 
rocks around Grasmere, or the 44 rain spot” slate of White 
Moss. 

Greenstone rocks are variously associated with this 
system of slates, sometimes in the state of dykes, sorpe- 
times ns overlying masses, particularly about Keswick. 
The sicnitic rock of lied Pike, Scaleforce, and Wast- 
d&le, which seems to come up through the Lower slate, 
ramifies its masses through and over these rocks. Red 
porphyry dykis divide them on Armboth Fell ; large 
masses of red and dark porphyry with garnets, lie on 
their lower portions in St. John’s Vale ; and if the slate 
of High Pike belongs to this system, the frlspalhic (or 
elvan ?) couiyes there known, may be added to more 
massive accumulations of igneous products which border 
Thirlmere Lake. The sienite* and hypersthenes of Car* 
rock Fell, aud the granitic tracts of Wastdalo and Devock 
Lake* must probably he viewed as rising upwards from 
below the whole senes, and spreading, on the surface of 
the strata of slate. 

The minerals which this district yields are rather 


numerous than valuable. The veins are generally ChoWy. 
quartzose. A great variety of lead spars, sulphuret and 
carbonate of copper, with galena, pitchy iron ore,wolfram, 

&c. arc found in Caldbeck Fells, among the slaty and 
sienitic rocks. Galena has been worked in Grisdale* 

(Uls water,) copper ores at Conision and in the lower 
beds in Newlands, plumbago in Borrowdale, micaceous 
iron ore in EBkdale, &o. 

In consequence of its superior hardness, and its fre- 
quent association with igneous products* the green slate 
mountains assume bolder forms, present more lofty and 
rugged peaks, and more inaccessible precipices than the 
softer slates of Skiddaw. For the same reason, the 
streams instead of furrowing the smooth slopes in 
straight courses arc twisted about among the unyielding 
rocks, and broken into admirable cascades. 

The region of green slate is rather indefinite toward Dark lime- 
the South-East, where it is overlaid by the upjwnnost itone. 
series of greywacke slates. Perhaps it may be best to 
adopt as the conterminous line, the narrow course of 
dark calcareous slate (•* transition limestone”) which 
passes from LongSleddale by Low* Wood Inn and Win- 
dermere Head to Coniston Water Head aud Broughton 
Mills. This rock contains organic remains, as enryo- 
phyllia, millepora, producta, spirifera, orbicula ; but ge- 
nerally iu so imperfect a state of conservation that their 
specific characters are very obscure. The calcareous 
layers alternate with layers of slate of the same colour, 
and are with difficulty distinguished from them. Their 
clip is usually very rapid. 

Above this regular band of limestone lies a thick Fpi*«- 
scries of rocks, containing several varieties, all capable slatos * 
of being ranked as greywacke. The lower rocks, very 
dark in colour, are frequently quarried for slute, (Brough- 
ton, Ulverstoue, &e.) occasionally for flagstones and 
tombstones, (near Hawkestoue, crooks of l une, &c.) 
which are sometimes parallel to the stratification. 

(Otlcy, Guide to the lAikes.) In the long aberrant ran»e 
of slate rogks beneath Inglcborough and Penygant, 

( [Geol. Trans.) dark slate of similar aspect reappears 
in Clapham Dale, and between Ribblesdale, and fur- 
nishes enormous tables of slate with nodules sometimes 
formed round litoites, in the nearly vertical partings or 
cleavage. At Ingleton the greenish slate seems rather 
% referable to the middle slate system. 

Above the dark uniform slates previously described 
lies a system of more micaceous and more granular 
rocks, which extend to the South-Eastern border of the 
primary district. They are of two kinds : 1. fissile with 
micaceous partfhgs parallel to the stratification, some- 
times reddish* and appearing to resemble, eertaiu lami- 
nated red sandstones. 2. Granular, not fissile, with 
disseminated mica. These varieties may be observed 
frequently alternating in the country North of Kendal 
and about Kilby Lonsdale, and present the most striking 
analogies to arenaceous freestone and micaceous flag- 
stone. In the upper part of this system (near Kendal 
end near Kirby Lonsdale) lie layers of shells, or rather 
casts and impressions of shells of the following genera : 
orthocertfa, patella, trigonia,- plagiostoma, pecten, gry- 
phtea, turritella, mclania, spirifera, terebratula. ( Geol. 

Trans.) 

A very remarkable feature in fhe region of tins up nor cleavage 
slate series/ is derived from the uncommonly crystalline «f slate, 
aspect of the rook on a large scale* The numerous . 
joints intersecting one another at acute angles, end rang- 
ing with admirable precision for a hundred yards or 
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more, divide the faces of the hills into long ridges of 
smooth,rhomboicIal rocks, alternating with parallel heathy 
or grassy hollows. This is probably the reason of the 
peculiarly rough and knotted appearance of many hills 
of this tract. It is difficult to resist the ’belief that this 
is owing to a real crystallization, and that slate is a 
crystalline rock with definite angles and regular cleav- 
age. But on pursuing the inquiry it will be found that 
the parallelism of external joints and internal cleavage 
is a phenomenon of a different kind from geometrical 
crystallization, not produced in consequence of an origi- 
nal equilibrium amongst the particles, but from symme- 
trical consolidation of the mass, exactly as the cuboid al 
blocks of oolite, the rhombs of shale, and prisms of 
basalt have been formed. 

Among the common appearances of cleavage is that 
represented in pi. i< fig. xiv. where different layers 
(strata) of slate are qleavable at diirerenl angles of inci- 
dence. 

It will be difficult to put the slates of Scotland in 
comparison with those of Cumberland, as they are defi- 
cient in limestone. In general terms it may be said, 
that the dark pyritous slates of Argylcshire and the 
West of Scotland seem analogous to those of the lower 
Cumberland group ; but those which constitute the 
Lammermuir and Dumfriesshire mountains have the 
characters of the greywacke system. 

Mr. Weaver describes the slate which borders the 
granitic tracts South of Dublin, as alternating with green- 
stone and greenstone porphyry, end enclosing clay slate 
conglomerates. 

In Windmill Hill, Mr. Weaver describes several al- 
ternations of a granular felspatliic rock with the clay 
slate. And iri the mountain of Croghan Kinshela, in 
the space of 630 fathoms, are eight principal beds of 
alternating granite and clay slate, besides several of 
granite and clay slate mixed, and four of clay slate and 
greenstone. 

Clay slate and quartz rock are likewise seen in fre- 
quent alternation on the Eastern coast of Ireland, and 
thus remind us of the similar rocks in Anglesea. No 
organic remains have been found in these tracts ; but 
Mr. Weaver describes the occurrence of fossil plants per- 
fectly analogous to those of the carboniferous rocks in 
coal seams of the South of Ireland, supposed to be in- 
cluded in the greywacke slates. 

In the Isle of Man, Mr. Henslow is inclined to con- 
sider in one instance the cleavage and stratification coin- 
cident. Elvan dykes and granite veins divide it. 

In Wales, according to Professor Sedgwick and 
others, the slate system between the old red sandstone 
and the granite presents the following general , charac- 
ters in a descending order. 

1. Greywacke containing, in a state of considerable 
developement, several divisions, calcareous, arenaceous, 
and shaly, with organic remains, in considerable num- 
bers and variety. (Buallt, Llandilo.) The layers of 
the upper part of this ^rock conduct us by an easy 
transition into old red sandstone. 

2. The great slate formation, containing in all its 
parts indications of mechanical origin. Detached de- 
posits of limestone. 

3. A vast group, differing from the ordinary character 
of the Welsh mountains, in containing a very large pro- 
portion of felspathose rocks of porphyritic structure* 
Of this the mountains of Snowdonia are probably the 
lowest portion ; they contain organic remains. 


4. A group of slaty rocks described by ITciislow in Geulogv. 
Anglesea, consisting of chlorite and mica slates, mul ^k. H- 
quartz rock. 

Nearly all that is valuable in the Geology of the shoe 
system of Wales is due to llcnslow’s description of An- 
glesea, Sedgwick s labours in Suowdoniu, and a!l its 
intricate dependences, and Murchison's recent and 
detailed investigation of the South-East portion of the 
district from Shrewsbury to the month of the Tuwy. 

The results pf this friendly partition of labours have been 
eminently successful ; while in the NorthAVeUcru dis- 
trict the general inferiority of position of the clilortlic 
and micaceous schists to the' whole clay slate system of 
Wales is clearly proved ; the true place of the Suowdn- 
nian shells fixed in the very lowest portion of the clay 
slate; the extent and effects of subterranean convul- 
sion and intrusion of igneous rocks, very fully pointed 
out : these phenomena have been linked by discoveries 
on the other side of the region into a complete system 
of slaty deposits. The greywacke scries on the South- 
East border, described by Mr. Murchison, fortunately 
presents a series of phenomena, deficient or not clearly 
separated in the slate district of Cumbria, — a vast number 
of organic remains, lying in distinct groups, a series of 
distinct members of the greywacke, which these fossils 
appear to characterise, limestones of different ages 
which clear up the difficulty, always felt hitherto in 
fixing the true relations of the limestones of Dudley and 
Llandilo ; and, finally, ancient Plutonic operations ac- 
companied by elevations and alterations of the strata. 

We may now, upon sufficient data, affirm thut the Welsh 
and Cumbrian series of slates presents a nearly com- 
plete record of all the principal deposits, with their 
characteristic organic remains from the gneiss and mica 
schist upwards to the carboniferous system ; and, as these 
slates graduate below into the mica schist system, and 
above into the old red sandstone, to show n continuity 
of murine operations in a part of the geological scale of 
periods where formerly was an utter blank. Mr. Mur- 
chison finds the greywacke series divisible into six 
groups, in the following descending ordef, all ranging 
North-East and South-West. 

The first group, below the old red sandstone, is a Groups in 
series of thin-bedded arenaceo- calcareous strata, 1000 the upper 
feet thick, abundant in the neighbourhood of Ludlow, « 4t ‘^ ol 
and stored with bruchiopodous bivalves of the gonersi ,l . 
tercbratula, strophomena, lepttena, and orthoceras ; 
and trilobites of the genera homonolotus and enly- 
mene. 

The second group is limestone 100 feet thick, in its 
upper part interlamiuated with the superior beds, and be - 
low resting on shale. It is identical with the celebrated 
limestone of Dudley, contains nearly all its well- 
known fbssiils, and ranges in a continuous escarpment, 
for many miles North-East and South-West, hut 
grows thinner continually to the South-West, so that 
in the prolongation of the strata parallel to the South 
Wales coal fields this interesting rock is nearly ex- 
tinct. * 

The third group is the dye earth of Shropshire, 
which was once supposed to overlie the Dudley lime- 
stone. It is, perhaps, 2000 feet thick, and is made up 
of incoherent, greyish, argillaceous, sometimes micaceous 
schist*. The higher strata are in some places charged 
with many orthocerata, iituites, asnplms caudatus, Ac 
Other beds are locally distinguished by concretions of 
argillaceous limestone formed around corals and other 
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organic bodies; and toward the base of this deposit 
a thin, calcareous zone is observed in Shropshire, con- 
taining the pentamerus leevis, Sow, and a new species of 
that bivalve. 

^ The fourth group is ah arenaceous sandstone series 
of various colours, chiefly red and 1)1 ue ; calcareous 
bunds are associated with the sandy strata, almost made 
up of products, leptsemc, and spirifera;, with criuoidul 
remains, ull of species peculiar to this group. Thickness 
1500 or 1800 feet. 

The fifth group consists principally of black shale 
enclosing beds of greywacke, flagstone, or calcareous 
slate, which, prolonged to the South-West, join them- 
selves to the trilobite beds of black limestone and cal- 
careous flagstone at Llaudilo, and thus establish the 
distinctive relations of that rock to the Dudley lime- 
stone. The thickness of this group probably exceeds 
that of any of those mentioned above. 

. The sixth group is a vast deposit several thousand 
feet in thickness, consisting of red, coarse, quurtzosc 
conglomerates, schistose beds, and purple-coloured sand- 
stone. No organic remains have been yet observed in ' 
this group. 


sienitc, and saussuritic diallage to ck pass through the 
serpentine. 

The cluy slate deposits of Brittauy are said to resem- 
ble those of Cornwall. Very similar serpentine occurs 
there, and in addition ogygi®, calymeue, euomphali, and 
posidonioe. 

Two-thirds of the area of the chain of the Pyrenees* 
is composed, of clay slate, which appears to exhibit 
varieties of texture and aggregation like those described 
in the Cumbrian district, with the exception of the 
coarser kinds being dark green, micaceous, or granular, 
aluminous or silicious. Frequently these slates alter- 
nate in very thin layers with limestone, in which case a 
number of calcareous fibres crossing the slate, but not 
the limestone, give the mass the peculiar appearance of 
schiste rubanne ; limestone abounds with this slate series, 
and is either compact, slaty, or granular. It contains 
crinoidal and zoophytic fossils, “ ammonites," and a few 
other shells, and some are found in the alternating 
Blates. Anthracite in small quantities is mixed with the 
slates, quartzose, felspathic, and greenstone rocks alter- 
nate with them. Most pf the metallic products of the 
Pyrenees arc found in the clay slate system. (Charpen- 



Bclow all these comtfs the great slate formation with tier.) w 

detached masses of limestone, also ranging North-EaSt The Ardennes mountains, which cover so vast a tract Ardennes, 
and South-West, as about Bala lake. in France, Luxetnburgh, and the Rhenish Provinces, 

In Charnwood Forest the sienitic rocks arc followed and which support the volcanic products of the Eyfel 

by clay slates of dUferent kinds, compact and coarse, volcanos, arc mostly composed of grcywacke slate 

soft and silicious, green or dark coloured. analogous to the upper part of the Cumbrian system. 

In Cornwall und Devon the order is. Good roofing slate is not common in this tract. Re- 


1, Greywacke, with calcareous slaty beds sometimes mains of ferns, like those of the coal beds, of products 
containing organic remains, aud detached deposits of and encrinites occur in it. 

limestone. Organic remains are not very rare in this formation Rhine 

2. In two places a serpentine formation, which, in on the banks of the Rhine. In the valley of Nieder- valley, 
the Lizard, contains diullage rock, talc slate, hornblende lahnstein we found the greywacke slate rich in fossils, 
slate, and mica slate, appear to occur beneath the grey- among which spiriferee were most numerous. The 
wacke. Its relations are obscure, but it is superior in .lower part of the slate. series of the Rhine appears to be 


position to the following formation. the most quartzose, and it will be found pccasionally 

3. The great formation of metalliferous slate (killas) difficult to say whether a particular rock should be 
with many subordinate beds of greenstone, felspathic Called greyw # ucke, or quartz rock. 

slate, &c. It is traversed by granite veins, and is said The slates of the Harz contain product us calymenc Hare, 
to alternate with granite. tristani, posiclonia becheri, &c. 

Dr. Boase, in his recent Work on the Geology of \ The slate system of Scandinavia presents a general Scandina- 
Cornwall , arranges the schistose rocks of Cornwall in analogy with that of Cumberland. In its upper part via. 
two groups, the upper of which is associated with black arc black limestones in nodules or beds alternating with 
c&lc&roous slates, and the lower much interlaminated slate and containing trilobites of the genera paradoxites 
and mixed with porphyritic masses, eu rites, quartz and ognostus, and orthoceratites. 

veins, Ac. At its junction with the ^granite, the killas The group of the Tarentuise, referred by MM. Bro- Tarentaine. 
is frequently intermixed with granite veins, and is altered chart and De Buch to the age of transition rocks, is 
in some respects so as to lose, in part its fissility, very dissimilar from the general character of the depo- 
and to be described by the miners as M Elvanny Kil- sits of that period. Consisting of granular aud talcose 
las.** limestones, gneiss, and mica slate, it may be compared 

The general impression concerning the schistose rocks to the eurlier primary rocks, while the organic remains 
of Cornwall is that their mineral composition is a mix- sometimes found in it, and the coarse greywackes which 
lore of quartz, felspar, and micas aud bo, probably, is belong to it, unite it to the latter period of the system, 
that ofmost days and shales. (Humboldt.) Similar, remarks are applicable to the 

The extensive deposit of serpentine pf the Lizard is metamorphic strata of the Valorsine, and perhaps, in 
seen in several places to rest upon and alternate with both cases,' the peculiarity of as}>ect is much dependent 
greenstone and porphyry, in others to rest upon green on the local influence of heat derived from the neigh- 
talc or clay slate. At Coverach are rocks of various tex- bouring granitic masses and veins. 

ture, in some iuea^ure intermediate between serpentine Clay slate is the lowest rock in North America con- North 
and diallage rock, which, suggest important reflections tabling organic remains, which are always of marine America, 
on Ora relation of this beautiful rock ; and, in tbc same origin, and it rests immediately upon granular lime- 
place, the greenstone abounds with diallage, and contains stone. These remains are extremely rare: brachiop j- 
hkewise titaniferous oxide of iron. Veins of steatite pous bivalves and orthoceratites are found at Troy. This 
divide the serpentine, and are thought by Sir H. Davy rock may be traced over a space of two thousand square 
to be derived from decomposed felspar. Dykes of miles in the Counties of Saratoga, Schenutady, Albany, 
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Geology. Rensselaer, and Columbia. It extends into the Western 
Ch. 11. margin of Massachusetts, and there rests immediately 
on granular limestone. (Eaton.) Its himiute cross 
the planes of deposition as in the slates of England, and 
all the accidents to which the European slates are sub- 
ject are repeated in America. It is silicious about 
Hudson’s. Clay slate is not extensive in South Ame- 
rica. 

Transition Limestone. 

Analogous The limestones associated with clay slates are almost 
to older universally known to Geologists by the name of Transi- 
pr nnnry tion Limestone, a term which we think liable to little 
imeatones objection, even by those who reject the title of Trans- 
ition Strata, as applied to tie whole or any consider- 
able part of the slate system. These limestones are 
usually, as in Norway and Cumbria, of a very dark 
colour, fetid when struck, and more or less associated 
by alternation and gradation of characters with the 
slate rocks ; or they are mere calcareous slate, as in 
some parts of South Wales; or they form considerable 
rocks, as in the Eifel, at Dudley, in Shropshire, and He- 
refordshire. There are also in North Wales and Devon- 
shire portions of limestone more analogous in character 
to the primary limestone, and like that very limited in 
extent, appearing like huge ellipsoidul concretions 
wholly enveloped in slate. These latter, like primary 
limestone, arc generally deficient in organic remains ; 
they appear to range parallel to the original planes of 
stratification in the slate, and may thus eventually be 
found of great use in subdividing that thick system of 
deposits They may be considered as generally, per- 
haps universally, more ancient than the more connected 
range of limestone and calcareous slate with organic 
remains. It is in the upper part of the slate series in 
South Wales, Herefordshire, and Cumberland, that the 
limestones with organic remains are found, 
by llie man- Jlut even the most connected portion of this upper 
nmunuld traI,s * t,on limestone is liable to so great alteration of 
lion. quality and variation of thickness as to present some 
points :>f analogy to the earlier . calcareous deposits. 
From very thin and unimportant traces above the Vole 
of Towy, the uppermost limestone swells out to a consi- 
derable thickness in Herefordshire, Shropshire, and Dud- 
ley, and the number of organic remains varies in the 
same proportion. About Ludlow the thinner beds of 
this limestono occur principally in nodules united with 
much shale, both containing orthoceralites, trilobites, 
&c. Even amongst the thicker beds of the limestone 
rock, Mr. Murchison has recognised the same remark- 
able tendency to ellipsoidal concretions. 

The transition limestone of the Hartz presents two 
considerable independent masses, enclosed between 
conformed strata of greyw&cke. Near Riitslau, East of 
the Brocken, it abounds iu madrepores, which, however, 
are chiefly rendered visible by decomposition of the 
rock. Tins character also obtains in much of the dark 
limestone of Norway and of the Cumbrian lakes. The 
laminated limestones of South Wales arid the Eifel, are 
of a lighter colour, and generally associated with shales 
and grey or reddish sandstones, such as usuallybelong to 
the top of the slate series. The fossil remains of these 
situations are \n consequence usually well exhibited on 
the surface of the beds, when, either naturally or by 
chemical or mechanical means, these surfaces can be 
cleared. (M. de Bonnard, in De la Beche’s Memoirs,) 
As on the one hand -ihe irregularity and frequently 

VOL. VI. 


nodular character of the limestones associated with slate, (.oology, 
present a curious analogy to the older calcareous rocks < k-H. 
of the gneiss and mica slate system, so the upper fossil i- v — ^ 

ferous limestones of the slate, have often a spcciul Analogous 
resemblance to the mountuin limestone of the succeed- the newer 
ing epoch, both in mineralogical character and organic cari *jnifc- 
remuins. Judging from specimens only, ami from an Xlc 
imperfect view of the English and Belgian series of ’ 
strata, many Continental Geologists have been unable to 
discriminate between our transition and carboniferous 
limestones. Their conclusions on this point appear to 
have been sometimes influenced by the tact that triln- 
bites und orthoceratites, as well as many encrinites, occur 
in both these rocks. Nevertheless they are really and 
permanently distinct, atid their organic remains belong 
undoubtedly for the most part to very different species, 
and present altogether perfectly characteristic groups. 

No English Geologist can for a moment, hesitate to ] m f tlislinct 
distinguish the fossils of the transition limestone of from both 
Malvern and Dudley, on the one hand, from those of Unglum!, 
Derbyshire nod Flintshire on the other, nor should 
it be found difficult to separate in like manner the trans- 
ition limestone of the Eifel from the carboniferous 
limestone of Namur. Both it is true arc contiguous to 
slate, nor do they occur superimposed in one section ; 
but the Namur limestone ties on the greywacke of the 
Ardennes, that of the Eifel is enclosed in it, und forms 
really a purl of the slate system, as much as the lime- 
stone of Christiania, Cumbria, and Caerinarthenshire. 

One principal reason of the confusion among Continen- 
tal writers on t lie subject of these culcareous deposits 
in England, is the^ almost universal deficiency of the true 
carboniferous limestone beneath all the coal fields of con- 
tinental Europe, except those of Mona, Namur, Liege, 

Dusseldorf, &c. 

Finally, wc must repeat the remark formerly made, 
that all the hard lines of distinction, which for conve- 
nience we draw across the scale of strata, may he 
locally exact and defined, but vanish on a more ex- 
tended comparison of distant localities. The lime- 
stones of the slate system, generally, appear to connect 
the oldest calcareous mcks of the gneiss with the com- 
paratively modern limestones of the coal measures. The 
greywacke slates which enclose them are also so much 
changed from the type of clay slate, as to assume very 
nearly the aspect of sandstones and shales, frequent in 
the carboniferous system ; and thus, both by analogy of 
fossils and gradation of mineralogical characters, we 
are led without any startling chasm from the primary to 
the secondary strata. 

Moved by these considerations, somccmiuent'Euglisli Tko whole 
Geologists appear disposed to unite together the carboni- 
ferous system and the transition limestone p-oup, and in 
some cases this may be a very convenient mode of arrange- 
ment ; hut tried by general comparisons it seems to 
offer no special advantage. For, by the same rule, we 
ought certainly to form but one class of rocks from the 
gneiss to the new red sandstone, since it can be most 
clearly proved that, in all this vast scries, alternations 
and gradations prevail; but further, wc should by rigor- 
ous extension of this mode of classification, have no 
division at all from the gneiss to the tertiary strain. In 
fact, it 19 already certain that the whole, scries of stratu is 
a consequence of repeated actions of the same causes^ 
under modified circumstances, and the classification of 
the strata must be left in a great measure fo the modera- 
tion and local convenience of the cultivators ut otuiogy. 

4 r 
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There is little doubt that the line here drawn between 
the slate system mid the carboniferous system may he 
easily recognised throughout Europe ; and if in some 
cases tlie upper slates assume the aspect of sandstones 
and shales, and even contain traces of coal and plants l 
such as usually occur above, and the two sets of limestones 
thus divided resemble one another in certain mineral 
characters and organic remains, this ought not to sur- 
prise us, for it is a part of the general processor Nature. 

To these remarks we shall only arid a short connected 
view of the sequence of limestones in the whole primary 
period, according to our notions of their affinity, placing 
them in a descending order, with their alternating 
strata. 

f n. Arenaceous, calcareous, and argillaceous strata containing 
organic remains. 

I • The limestone of Dudley, Ludlow, Herefordshire, full of 
organic remains. 

{ Die eurth of Shropshire, containing organic remains and 
calcareous concretions. 

Arenaceous strata with organic remains and calcareous 
hands. 

2. Llandilo limestone, associated with black shales, both con- 
taining tnlobites and other fossils, 
t*. Upper greywacke slates of Westmoreland, containing or- 
btcitlff, orthocerata, and other organic remains. 

3. Black slaty limestone of Westmoreland, with cyathophylla, 
millepora, orbiculu, but hitherto no trilobitcs. Probably 
the limestone of Okehampton in Devonshire, mul that 
of Bala in North Wales. 

< 1 . Slate rocks. 

4. Detached limestones of North Devon and North Wales, 
r. Slate rocks, rarely containing a few shells. 

/. ('hlaritic and micaceous schists of the Grampians. 
r>. Crystalline limestone of Loch Kurn, Invcniry, Dahnally, no 
’ organic remmns. 

(Chloride and micaceous schists, 
l Mica whists and gneiss. 

6. Crystallized limestone of Glen Tilt. Struthfillan, Glen Croc, 
no organic remains. 
h. Gneiss, mica schist, &c. 



General Conclusions concerning Primary Strata. 


The general system of operations disclosed to us by 
an examination of the primary strata, presents the fol- 
lowing leading points. 

A general j. 'Phe lowest rocks which we can trace, those upon 
?rr which the vast accumulations of stratified rocks rest, 
rocks. are 8UC ^ as f rom idl their characters appear to have 
been produced by igneous agency. These granitic, 
hypersthenic, &c. rocks are crystallized like the products 
of fire, composed of minerals like those observed to be 
generated by heat, and combined in a very similar man- 
lier. They show no action of water, either chemical or 
mechanical, nor contaiu the reliquiae of living beings. 
The almost universal extent of these rocks, combined 


Influence of 
heat on 
primary 
strata. 


with the. abundance of their disintegrated materials in 
the older strata, proves the great extent of the igneous 
agency developed in the earliest eras definable by Geo- 
logists. 

The same inference of a pervading and powerful de- 
velopemont of heat in those early periods, umy be safely 
drawn from a consideration of the generally high degree 
of solidification among the primary strata, and their 
frequent though imperfect crystallization. There is 
little doubt, or rather the Geologist of sufficient ob- 
servation considers it a matter of certainty, that the crys- 
tallization of primary limestone, the conglutination of 
gneiss and quartz rocks, and the rhomboidal fissures of 
slate, arc due to the same cause as the conversion of 


chalk into such limestone, the induration and semifusion 


of sandstones, and the prismatizing of shale by the Geology, 
action of basalt, and by the heat of a furnace ; and it is Ch. U* 
certain from various facts that these characters were uc- v -— 
quired by the primary strata before the formation of any 
member of the secondary rocks. 

II. Possibly this great and continuous heat beneath the organic re- 
ancient beds of the Ocean, may be admitted as a reason mains ab- 
for the paucity of animal and vegetable life during the sent from 
primary epoch. The fact, however, is that among the the lowest 
older of the primary strata the remains of plunts and 
animals do not occur ; and it is probable that the living 9 
wonders of Nature were not then in existence. It is, 
indeed, maintained that such remains would be wholly 
destroyed in the rocks by the operation of such a heat, 

and this opinion may be supported by many strong 
analogies. But as marine organic remains do occur, 
though rarely, in the midst of the slate group, (Snow- 
don, Tintagcl,) and become numerous in and near the 
calcareous bands of the upper portion of that series, it 
appears safer to admit that the heat, or some other un- 
known condition of this early period, was unfavourable 
to organic existence in the sea. It seems almost de- 
monstrated thut at this period there was very little dry 
land raised to the surface of the Globe ; for all the pre- 
sent Continents were certainly uplifted at subsequent and 
successive epochs, and therefore land plants could not 
be abundant. 

III. But in proportion ns the igneous agency found become fro* 
vent, in the same ratio as the mountains were uplifted, quentiuthu 
we find the organic reliquiie of the sea and of the land u ri ,ur - 
imbedded in greater abundance. The plants indeed 
imbedded in coal strata associated with the upper part 

of the slate series (if teally belonging to this system) 
are local deposits, and not at all to be compared in 
quantity with several accumulations of later date ; but 
this is also in exact accordance with what is known of 
■»the relative extent of land at the different epochs. 

It may be objected by those who see in the ancient Objections 
effects of Nature nothing but the result of the present to this hy- 
measure of natural operations, that two- thirds ot the P° lh ? siB 
Globe are now covered by water, and that the depression COI,,li< l t,roJ « 
of one large tract may have corresponded to the eleva- 
tion of a smaller, and that remains of plants and ani- 
mals may occur in the submerged portion of the crust 
of the Earth, of higher antiquity than any of our ele- 
vated strata. This may be true ; and it may also be true, 
as some persons suppose, that stratified rocks full of 
organic remains occur beneath the granitic floor ; but as 
neither of these hypotheses can be proved or even 
examined, they must remain as mere speculation. 

But it may also be objected that the whole force of the 
argument as to the non-existence of organic beings in the 
earliest primary periods, goes upon the supposition that 
the primary strata of the same kind are all respectively of 
the same age, which demands the admission of almost 
universal formations ; and this can never be allowed by 
those who adopt the existing measure of the effects of 
the natural agencies employed on the Globe, as a stan- 
dard for all past periods of time. 

No formation now in progress has more than a very 
limited area and a local character ; but this very fact is 
decisive against the doctrine of the uniform rate and 
constant momentum of the several agencies of Nature ; 
for no one can consider the wide strata of the chalk and 
oolite, and the still more expanded saliferous rocks, with- 
out being struck by the contrast between them and what 
we know of the varying 'bed of the actual seas. But 
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Geology. these systems of strata, extensively as they are spread 
Ch. II. over ij ie h as j n 0 f Europe* appear, when contrasted with 
s— 1 the primary strata, mere local deposits. If all the cha- 
racteristic mountain ranges of the World show them- 
selves composed of these strata, and furnish proof of 
the superior antiquity of these strata to those which 
surround the mountain slopes ; and contain, though 
rarely, organic remains which do not exist among supe- 
rior rocks ; if* in short, these latter have the characters 
of nearly contemporaneous and comparatively recent 
origin, and the others of nearly coeval ancient date ; why 
are we to reject the plain and obvious inferences from 
these facta, in order to embrace a narrow speculation, 
which, by fettering the mind to the results of observa- 
tion on divided seas* low temperatures at the surface, 
and diminished heat within the Earth, refuses to con- 
sider the results of operations in the wide Ocean, 
brought on by almost universal chemical and mechanical 
agencies of heat ? 

General In maintaining the uniform character of the natural 
ground of terraqueous agencies* and the constancy of their mode 
argument. c j ac n on% ft u Philosophers are agreed ; but, as in every 
other problem submitted to investigation, experiment, or 
observation, the conditions are to be determined belure 
the rate and measure of Geological results cfm be ex- 
pressed on a scale of magnitude or number. In a 
Science founded on observation, these conditions cannot 
be known beforehand, they are the very objects of which 
we are in quest, and our only mode of approaching them 
is by analyzing the effects which have been produced by 
the known laws of Nature, operating under these, at 
first unknown, conditions. What is the object of an 
experimental investigation, in which first the law is 
given, and next the conditions are assumed, the result 
of their combined operation having been previously de- 
fined? 

Greater ef- A history of the successive revolutions in the state of 
fects of heat the Globe* must indeed be founded on a survey of the 
in the older chemical, mechanical, and vital phenomena now pro- 
^poc 1S * ' duccd by the atmosphere, rivers, the sea, and volcanos ; 

and all conclusions concerning the intensity, duration, 
and extent of igneous and aqueous agencies, in past 
Geological periods, must proceed upon an examination 
and estimate of these agencies in the existing periods ; 
but the ratio of their effects at different periods is to be 
determined by evidence, not assumed by conjecture. 

The results of examination of the organic remains in 
the several strata, and of the character and condition of 
these strata, according to their relative antiquity, leave 
no doubt of the vastly greater and more general in- 
fluence which, in the older Geological periods, the proper 
heal of the Earth had upon ull the operations of 
Nature in the sea and on the land, an influence far more 
equable as well as more intense than that exerted by the 
Solar rays, independent of the Scusons, and coextensive 
with the Globe. 

Surely, then, under these peculiar conditions* the laws 
of Nature which are concerned in the operation, thcin- 
. selves invariable, must have operated on a greater scale, 
and perhaps with higher intensity, than that which now 
characterises their elects. 

All the results depending directly on the quantity of 
communicated heat, — as, for instance, most of the phe- 
nomena connected with the decomposition, reconstruc- 
tion,— and consolidation of rocks* must have been vastly 
increased in amount* and proportioned in extent to the 
universal diffusion of heat ; while the arrangements of 


organic life, which we know to be adjusted to a certain Grologv. 
timiUd range of temperature, must have been prupor- Gh. if. 
tionately affected. Until the mean temperature of the 
seu was reduced to a certain standard, the Physical con- 
ditions to which organic life is restricted on our Globe were 
UOt established ; but during these periods the inorganic 
forces of Nature must have been especially active, and 
on a very great scale. Hence the vast thickness, the 
great degree of consolidation, the crystalline character, 
the almost universal extent of the primary stiata ; hence 
the rarity of organic remains, until, by the accumulation 
of considerable thicknesses of nonconducting earthy 
materials upon the lied of the Ocean, the communica- 
tion of heat from the interior of the Globe was retarded, 
so as to be counterbalanced by that constant radiation 
from its surface, which is one of the conditions whereto 
the organization of plants and animals is adjusted. 

Disturbances of the Primary Strata . 

Though during the accumulation of the slates be- During the 
neath the waters of the sea, considerable tranquillity and aw-mnula. 
a repetition of similar circumstances prevailed, as may ^ 

be inferred from the correspondence of the stratification, L 
the rarity of conglomerates, and the general agreement 
of the organic remains at different points over immense 
surfaces, yet some remarkable exceptions occur, enough 
to show that the subterranean forces to which our Con- 
tinents owe their present forms and elevations, were not 
wholly inactive. In the Cumbrian mountains, especially, 
we may clearly perceive the effects of some considerable 
local disturbance in the conglomerate rock of St. John’s 
Vale, Harrow, and Grasmere ; and the singular admix- 
ture and blending of porphyries, amygdaloid*, and 
greenstones, with the ordinary argillaceous slates, proves 
evidently a great and continued developement of ig- 
neous agency during the deposition of the middle slate 
rocks of the lakes. Similar effects appear to ha\e hap- 
pened iu Snowdonia, and some remarkable cases of 
extensive disturbance have been ascertained along the 
Eastward border of the Welsh slate system. 

But immediately after the completion of the slate After th« 
deposit, and before the commencement of the carboni- deposit of 
ferous system, a much more general and more violent s,atcs * 
succession of dislocations happened. At this period 
nearly all the primary ranges of the British Islands re- 
ceived their most remarkable features ; and it is deserving 
of notice that some of the most important of the lines of 
elevation ami depression then produced by subterranean 
expansion, — for instance, the Grampians, the valley oft he 
Caledonian canal, the Lammermuir hills, ami the pro- 
longation of these ranges in Ireland, the Cumbrian, 
Suowdonian, and Cornish chains, and the hills of the 
Isle of Man, — run in the same direction from North-East 
to South West. This is the most striking example which 
the British Islands afford iu favour of Elie de Beau- 
mont’s hypothesis of the accordance between the direc- 
tion of the axis of a mountain group and the date of its 
elevation. Elie de Beaumont notices as belonging to 
the same period as the elevation of the Cumbrian ami 
Cornish chains, the system of the Huudsruck in West- 
phalia, the country of the Kifel* ami the mountains of 
Nassau, in all of which the principal ranges are North- 
East by East, and South-West by West. Other exam- 
ples will hereafter be ineulioncd which seem irreconcila- 
ble to his views ; in the mean time we may stutc that 
the contemporaneous elevation of the greywocke systems 
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Geology. of the South of Ireland and Devonshire ranges East and 
Ch. i !. \v cst. Elio dc Beaumont, indeed, distinguishes between 
the dates oT these Eastern and Western lines of elevation, 
and those previously traced in a North-Eastern and South- 
Western direction, and refers them to a later period. The 
North-Eastern lines are considered to have been caused 
during the transition (slate) period, and the Eastern and 
Western, immediately after that period. This requires 
further examination. Professor Sedgwick attributes to 
the Cumbrian slates one great elevation anterior to the 
carboniferous system, and we may safely adopt this as a 
general view, though there appears good reason to doubt 
whether all the various Plutonic rocks mixed in so sin- 
gular a manner among the conglomerate slates of Cum- 
bria, were injected at one period. 

Influence In consequence of these elevations, the strata of slate 
on thu thrown up towards a central ridge of Plutonic rocks 
tiono f C " «*hibit amidst many irregularities prevailing dips towards 
*trata. the South-East and North- West,, and have thus consi- 
derably influenced the mean bearing of all the subsequent 
deposits of British strata in which a very general tend- 
ency to the North' -Eastern and South-Western direction 
lias been for a long time observed. 

Plutonic rocks are often visible ulong the axis of 
these ancient elevations. The Cumbrian chain encloses 
u line of nuclei of granite, syenite, and hypersthenc rocks, 


besides vaiious porphyries and greenstones in <l)kes,niul Geology, 
overlying plateaux, of which the age is less certainly Ch. 11. 
indicated. These have evidently been injected in a 
melted state into fissures produced during the general 
movement of the stony masses ; but there is rarely any 
proof derived from veins, or from the appearances at the 
points of their contact with other rocks, that the central 
granitic masses were uplifted in a melted state. But 
in Cornwall, in the North of Ireland, and still more 
generally in Scotland, the granitic rocks were evidently 
in a state of fusion, since the deposit of the slates, and, 
accordingly, these latter rocks, and the various strata 
associated with them, are often penetrated by veins of 
granite, and materially altered at the surfaces of contact. 

Have the fissures occasioned by these intestine subterra- 
nean movements furnished the cavities which have since, 
by injection, sublimation, and segregation, been filled 
by various metallic and mineral substances? 

These mineral veins are, upon the whole, more nu- Mineral 
merous in the primary strata than in any of the secondary vemB 
rocks ; and the generally admitted fact that they are not 
all of the same age in the same mining country, may 
lead us to suppose that their production was not con- 
fined even to one great epoch in Geology, but wus 
repeated at intervals during the whole period of the for- 
mation of the strata. 


Table of the Organic Remains of the Slate System . 

The mark * signifies that the species to which it is attached occurs in tlic carboniferous system also. 

Plants. 


Family. 

Mg* 


Equisetacu© ..... 
Filicos 


Lycopodiace© . ... 
Class uncertain. •• 


N.imo. 

Fticoides antiquus, Bgt 

Berra, Bgt • • 

dent at u Bgt 

circinatuB, Bgt 

Catamites vodiatus, Bgt 

Voltrii, Bgt 

•Sphunopteris dissect a, Bgt 

Cycloptcris flabellnta, Bgt 

♦ recopter is aspira, Bgt. ....... 

♦Sigillaria tessellata, Bgt. ...... 

Voltzii, Bgt. 

Lepidodendron. (several species.) 

♦Stigmaria ficoides, Bgt 

Abterophyllitcs pygmepa, Bgt. • . 
Fossil plants generally • 


Foreign Localities. 
Christiania. 

Queliec. 

Ditto. 

Base of Kianekullc, Sweden. 
Bitschweiler. (Ilaut Rhin ) 
Zundsneiher. (Baden.) 
Berghaupten. (Baden.) 
Ditto. 

Ditto. 

Ditto. 

Zundswoihcr. 

Berghaupten, Bitschweiler. 
Bitschwciler. 

Berghaupten. 

Near Namur. 


This list, which is taken almost wholly from M. A. 
Bronguiart’s Prodrome da VHistoire des Vegelaux Fos- 
sites, will he found remarkubly analogous to the more 
extended catalogue of the plants of the carboniferous 
system of strata. The fourteen or more species of plauls 
here recorded, belong to genera which occur likewise in 
the carboniferous strata above, and four of the species, 
marked by an asterisk, are found again in these rocks. 
Three of the four occur at Berghaupten, in coal mea- 
sures which may be of the true carboniferous epoch. 
AH the genera are, probably, extinct, though with respect 
to the filices this is difficult to prove, on account of the 


almost total want of fructification in the fossils, and 
their generally fragmentary state. Four species are 
marine, two or three probably belonged to marshes, and 
seven or eight or more to drier situations. The marine 
plants are mostly found in limestone. The number of 
species is too small to furnish, alone, any general infer- 
ences either as to the prevalent character of the Flora, or 
the climate of this period ; yet taken in connection with 
th<£ carboniferous system, they appear to warrant a belief 
that vascular cryptogamic plants were in possession of the 
land, that this was very limited in extent, and that the 
climate was hot. 


Organic Remains of the Slate System, 


Folyparia. 

Family. Nnmc, British Localities. Foreign Localities. 

Fibrosa $ Achilleum cariosum Groningen. (loose ppecimcn.) 

Manon cribrosum Kifel. 

Scyphia conoklea • • Ditto. 

twVmata Ditto. 

clathrata Ditto 

costnta,... Ditto. 

Ttagoi acetabulum Ditto. 

f'orticifera ...... Gorgonia antiqua * Kifel, Ural. * 
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Faniily. 
Corticifera . 
Cellulifera. , 


„ . . , N- \Ti t • mili»U Idnlllif 4. r..rc^n WalMc*. 

. ...Gorgoma infundibubiormis ipperf urtli, Kiiel, Oral. 

. , . .Stroiutttopura conceutrica Eilvl. * 

polymorpha . . Ditto, Bensberg. 

Cellepora antiqua Glouc. lie ref. Ditto. 

lletepora prisca Ditto. 

autiipia Ditto. 

undetermined Ditto. 

Millepora, several species .*Gottland. 

Cose n opera placenta Kifel. 

Vlustra lanceolata Gottland, 

Ceriopora atfinia Dudley . • • Kifel. 


Ditto. 

Ditto. 

Ditto. 

Ditto. 

, Ditto. 

, Ditto. 

, Nehou. (Manche.) 


Lamellifera . 


punctata Ditto 

granulosa Ditto 

oculata Ditto , 

disticha Ditto , 

favosa Ditto . 

Glauconome disticlia Ditto 



truucata, Raf. Kentucky. 

Kentuckensis, Raf. ..... Ditto. 

boletus, Musi Christiania. 

ulveoluiia Kifel, Groningen. 

favosa Lake Huron. 

Gottlandica Douglas near Dublin ...... Gerolstein, Lake Huron, Catskill Mountains. 

basultica Lake Erie, Kifel, Gottland. 

infundibulifera Kifel, Bensberg. 

•polymorpha Ditto, Ditto, PfafTrath. 

spongites Shropshire, Dudley Kifel, Sweden. 

fibrosa Niagara, Kentucky, Eifel, Bensberg, 

cervicornis* «... Gottland. 

Aulopora alccto, Dam. serpens Kifel, Bensberg, Gottland, Christiania. 

tubsoformis Kifel. 

snicuta Ditto, Bensberg. 

glomcrata Bensberg. 

cleg.uis ............... ......... Ditto. 

sarmentacca Kifel, 

Catenipora escharoides, Lam. . . . Shropshire! IIerofonl8hire ; &c. Ditto, Christiania, Gottland, Lake Huron, Moscow. 

laby rinthica * Groningon, Drummond Inland. 

tubuloso, Lam. Christiania. 

Syringopora verticillata Lake Huron. 

ramulosa Limburg. 

reticulata. Ditto. 

CKspitosa Pf.iffratli near Coin. 

filiformis Groningen. 

undetermined Glouc. Shrop. &c. 

Aguricia lobata ^ Kifel. 

Swinderniana Groningen. 

Lithodcndron cwspitoBum ....... Glouc. Heref., &c Bensbcrg. 

Anthopbyllum denticulatum Niagara. 

bicostatum Kifel. 

Cyathophyllum plicatam Kentucky. 

diauthui Kifel. 

radicans Ditto. 

marginatum Bensberg. 

explanntum Ditto. 

turbinatnm 

hypocrateviformo Kifel. 

ceratitea Ditto, Bensberg. 

flexuosum Kifel. 

vermicularc Ditto. 

secundum Ditto. 

lamellosum Ditto. 

plftccntiformo Ditto. 

phoatum Sweden. 

quadrigeminum Kifel, Bamberg. x 

cicspitosum * ’ Kifel. 

hex.igouum Ditto, Bensberg. 

helianthoides • Kifel, Lake Huron. 

Stromhodea pentugonus ........ Drummond Island, Lake Huron. 

Astana ••••... Gottland. 

porosa * Glouc. Heref. Eifel, Bensberg. 

Cvhimnaria alveolate • * Seneca Sea. (New York.) 

Sarcinula punctata, Park Gloucestershire. 

organum Gottland. 

angularity FL Dudley. 

Mastrema pentagono, Raf. Kentucky. 

Fleurodictyuixi problem at icum Nassau, H uudsruck. 


Hydnopliora Shropshire. 

•Ainplexus " * ' "" 


comlloides, Sow. . , l 
Cyathoph. flexuosum ? Goldf. . / 

In the above list the specific names are chiefly adopted from Goldfuss. 


Mont Chfttou, near Coutanccs, Catskill Mountains# 


Geology. 
Ch. II. 



574 


GEOLOGY. 


GiM[>locy’ ^ The grant number and variety of the species of poly- 
• ■ pari a in strata so near in position to those which contain 

no traces of living Beings, is remarkable, and sets in a 
strong light the error of those who suppose the paucity 
or deficiency of organic remains in the lower strata is 
owing merely to their antiquity ; while at the same 
time the almost exclusive limitation of those remains to 
the calcareous beds of the slate system shows that the 
true cause, both of their rarity in the one ease, and their 
plenty in the other, must Ikj sought in the condition of 
the sea at the different periods. It is especially worthy 
of notice, that though nearly all the species are peculiar 
to the slate system, most of the genera are repeated in 
the carboniferous limestone above, and several exist in 
the present sea, as madrepora, astra^a, cellepova, retepora, 
gorgonia. — Typesofall the most remarkable living tribes 
of polyparia are preserved in these ancient repositories ; 
the lttinelliferiD bear the same large proportion to the 
other corals as now obtains in hot seas, and it is evi- 


dent t hat the general arrangements of Nature with respect Geology, 
to the life of marine animals were of the same kind as at ^ 
present. 

With respect to the Geographical distribution of the 
species our Catalogues aud our Collections appear to 
present a remarkable contrast ; for while the former 
seem to show that a very few species only have been 
recognised at more than one locality, the general im- 
pression derived from a view of the latter is exactly the 
reverse. The systematist is perhaps too easily led to 
multiply distinctions without necessity, while the eye of 
the ordinary observer is more easily imposed on by the 
analogy of kindred forms. At all events, it is certain 
that the zoophiles of this limestone are eminently cha- 
racteristic of it, and some of the genera may almost be 
taken to represent it: such are favosites, catenipora, 
nmplexus ; and yet these all occur (less abundantly) in 
the carboniferous limestone. 


Organic Remains of the Slate System. 

Radjauia. 


F.imily. Nurar. Ilork. 

Crinoidea. . .Pent remites florcolis, U Calcareous 

C&ryocrinuft 

Eugeniacrinu* meepiliforrois, G. . ... Ditto ... * 

Poitncrintis prisons, G Ditto .... 

Plutycrinus ventricosus, G Ditto .... 

*pcntangu!aris Ditto .... 

Cyalliocrinus tuberculutua Ditto .... 

*rugosu» Ditto .... 

geoiuetricus, G Ditto .... 

pinnatas, G. 

penfagonus, G. 

Actinocrimis moniliformis 1 Jit to . . . . , 


♦30-dactylus 

lxvis ..... 

cingulutus, G 

mime at us, G 

uodulosus, G 

moniliferus, G 

Melocrinub hioroglyphioiN, G 

gibbosus, G.. 

♦Rhoclocrinus vcrtis 

gyruttiH, Ci 

0-part itus, G 

cunaliculatus, G. . . . . . 

cvcrmtUH, G 

Cupxessocrimm craMius, G. . . 

gracilis, G 

tosseratus. (i 

Kiicalyptocmuis rosuceus, G, 
Echinusphairitcb pomum, VV.. 

mirantium, W 

grauatum, W 

Walden bergii, E 

Encrinites Gothlandicus, W. . 


Bril lull Localities. 


Dudley, Dm vawr. 
Dudley. 

Shropshire 


Dudley. 


Dudley 


Foreign Localities 

Mississippi . 

North America. 

Kifel. 

Ditto. 

Ditto. 


Ovland, D&lecailiu, Eifel. 

Kifd. 

Ditto. 

Groningen. 

Kifel. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Oelaiul, KinnekUllc, near Sb Petcrsburgli, 
Mi)sscburg ; Westrogothia. 

Oeland, Dulecarlxa. 

Gulf uf Christiania. 

Gottland. 


In the preceding list of radiaria, all the species .named 
by other authors than Miller, have the initials of those 
authors, as Goldlliss, Wahlenberg, Esmark, The thirty- 
four species here collected have all vanished from the pre- 
sent ranks of Creation, but we find at least four repeated 
in the carboniferous limestone. Six of the thirteen 
genera are also continued into that limestone, and two, 


(eugcniacriniies and pentacrinites,) the latter of which is 
unknown iw carboniferous limestone, are rather plentiful 
in the oolitic rocks. The crinoidea of the slate system 
are utmost exclusively found in limestone, and only 
locally distributed in that rock. No true cchinida or 
stellevida have yet been described from these ancient 
rocks. 


Family. 

Plagymyona 


Organic Remains of the Slate System. 

CONCHIFBRA. 


. Name, 

Tngoma sulcata, G 

concentrica, G 

undetermined, Ph. . 
Cardium custellatuno, Mun. 


British Localities. 


Near Kirby Lonsdale. 


Foreign Localities. 

Lindlar. 

Ditto. 

Elbersreuth, Prague. 
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OeoloffV. Family. Name. British Lwaliti.-s. rt'ii-ifn I iia.ilv*. , 

Ch. IT* Plugymyong • • • • »Cardium hybridum, M* • . fclretsrouth. 

" lineare, M. . Ditto. { 

1 - priscum, M. . * . • Ditto, Prague. N— 

striatum, M. ElbersreutU. 

•alaaforme, Sow. Plymouth, Newton Bushel. . Kifel. 

costellatnm, M Elhersrouth. 

gracile, M. Ditto. 

plicatum, M. Ditto. 

tripurtitum, M Ditto. 

fasciculiitura, G Kemmcnau. (Kma.) 

marginatum) O Ditto. 

carpomorphum, Dalm Sweden. 

Isocardia Humboldtii, Hien . Wiiseubach, near Dillenburg. 

Vone ricardium retroitrmtum, v.j Martenberg (Waldetk.) 

Crassatolla obsolete, G » Wipperfurth. 

Lucina *proacia, O Kifel, Bensberg. 

♦lino at a, G Ditto. „ 

rugosa, G Ditto. 

+cincta, G. .«»•••...•..» .•■••••« ... Ditto. 

Tellina obliqua, G. Ketnmeimu. 

Cyprina miuuta Kifel. 

Corbula zonaria. 1 btto. 

Cythorea Okeni, E..r RoguiUlosau. 

inflate, M Ditto. 

Hisingeri, M Ditto. 

elongate, M Ditto. 

bilobate M Ditto. 

subcylindrica, M Ditto. 

intermedia, M * Ditto. 

Sanguinolaria gibbosa, S. Altenahr. 

undulata? S Sfebengebirgc. 

conccntrica, G. Kifel. 

lamellosa, G Ditto. 

dorsata, G. Ditto, Altcnahr. 

truncata, G Ditto. 

phast-’olina, G Ditto. 

solcuoides, G. Siebciigebirgo, Altenahr. 

Pholadoinya radiata, G. Kifel. 

Solcu *pelagiciw, G Ditto. 

vetuBtus, G Ditto. 

•Megnlodon cucullatum, S Newton Bushel Pfalfratb. 

Modiola Golilfussii, Ham Kit'd. 

antiqua, G Kmw. 

Gothlandica, Ilia Gottland. 

Mytilus Yctustus, G Dillenburg, Upper Canada. 

Area prisca, G Bruck. (Solbugen.) 

Nucula antiqua, G. ...» Harz, Ems. 

•subnoides, G • Ditto. 

fornicata, O OJpe. 

HocurifornuH, G Ems. 

pingula, G Ditto. 

Mesotnyona. • • • . . Aptycbus antiquum, G. * CSnsUiclier Berg. (Ilerbom.) 

laevigatus, G. Kifel. 

Aviculu obsolete, G Aber.dtheuer. (Iluodsruck.) 

lepida, G Geistiicbor Berg. 

Pterinea ventricosw, G. ........... Kemmenau, Altenahr. 

costata, G Kins, Siebtmgebirgo. 

* lineatu, G. Kemmcnau. 

lamellosa, G Siegon, Harz. 

reticulata. G. Iserlohn. 

radiata, G Ditto, Kifel. 

earinata, G. ........... Pfafleudorf, (Coblenz,) Oneida, N, A. 

plana, G Keurnenau. 

trigono, O. ............ I^tto. 

PoBidonia Bechcri, Ilron k . Geistlicher Berg, Runderoth, Frankenberg, Werden. 

longitudinals, B Kdderbringbanaen. (Frankeulierg.) 

Pecton grandaivim, G Geistlicher Berg. 

oceuni, G. < •,••«••••.**•••••••••»*• Hlrz, 

Neptuoi, G. Kifel. 

primigenius, G Wiasenbach. 

Mvinsteri Ditto. 

undetermined, Phil. • • • . Near Kirby Lonsdale. 

Gryphaoa nndeterminod, P. .... Ditto. 


(>eology 
Ch. II. 


Brachiopcda 


PlagioBtoma? or pterinea ? unde- 1 tv*. 
tormined, P7 f Uitt0 * 

} df r"*w>. s, ... Dudley, rij mouth 


Kifel, Gottland, Lithuania. 


♦flcotica, S. Kifel. v 

•humisphnirica, S. . . !!!!!..!!!. 1 ! 1 Ditto, CatstiU Jtfmmtaiuf, Albany, Lexington. 

rostrate, S * Beiwberg. 

•sulcata, S Catbkill Mountains. 

anomala, S Plymouth 
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Family. Name. llritkli Ixx'aliliis. Foreign Localities. 

Brachiopoda • . . | Leptasna ’ DaT • Eifel, Catvkill Mountains. 

lata, v. Buch. Swt den ? (found at Giistrow.) 

euglyplia, D Kifd, Gottland. 

n ( Ditto, Ditto, Cntskill Mountains, 0 eland, Schonen, 

rugosa, | Dalecarlia. 

; v t\ I Gottland, Oeland, Schonen, Dalecarlia, East and 

tranmmlw D J Wert Gettlaud. 

deflex a, D. ............ East Gottland. 

cchinata, I) J Goitland. 

aculeata r S. J 

couvoluta, G Eifel. 

furcata, G . • • Ditto. 

cupillatu, G. Ditto. 

striata, G Coblenz. 

pectiuatu, G. Kifel, Coblenz, Keiserstuh!. 

lnimitA) G> ii.ii.ifi... ....... ... Eifel* 

•bcabricula, S Ditto. 

n n f Ditto, Dorenshult, East and West Gottland, Cats- 

Orthis, pcctcn, D | Kill Mountains, Wipperf Urth. 

**triatelln, D . Gottland, Lithuania. 

• sonata, D Bnrcnshult. 

cullactcs, D HuNbyfjoel, Ulandu, West Gottland. 

calligmma, D SkarpUscn, East Gottland, Trent on falls. 

testudiuaria, D. .* Borenshult, Biankenheim, Trent on falls. 

basal is, D Gottlaud. 

olegantula, D. Ditto. 

demissa, D OelancL 

novcm rodiata, D • • • Ditto. 

radiate, D Kifel, 

cob tat a, D. Kentucky. 

rugosa, Raf. Lake Huron; 

granulosa, G Cntskill Mountains. 

fasciculate. G Kifel. 

unduluta, G Albany. 

nodosa, G Kifel. 

SpWfera*’s W ' } s UlanlMihrim. 

•attenuata, S Kifel, Coblenz. 

•obtusa, S 1*1 \ mouth. 

•rotundata, S Newton Bushel. 

•lineata, S Dudley. 

distant*, S Plymouth. 

•reticulata, 6 Ditto. 

pentagona, S Ditto. 

S ' } ni "° ; EiM * Bcnsberg, Coblcni. 

•glabra, S Ditto. 

alata, S Coblenz. 

•ambiguo, S. Blankenheim. 

•decurrens, S. ......... Newton Bushel. 

•digtans, S Plymouth. 

“““ Gottland, Eifel. • 

exported a, W Gottland. 

trapezoidal is, His Ditto, Pfaffrath, Eifel. 

cyrtana, 1) Gottland, Kifel, Beusberg. 

Kutisiilcuta, 1). ......... Oeland. 

ptychodos, D Gottland. 

cardiospormiforiris Dudley Ditto. 

pusio, 11 Ditto. 

psittaceo, W. Dalecarlia. 

jogata, W ; Ditto. 

•bevicosta, G. ,...*. Hensberg, Eifel, Coblenz. 

inicroptera, G Glouc. Jieref. Eifel, Alleghany, Siebexigebirge, &c. 

asse - ) 

lieterodyta, G Eifel* 

macroptera, G CuUkill, Coblenz, Ems, Ac. 

leptoptera, .0. ......... Eifel, Lindlar. 

pacbvoptera, G , Hudson. (New York.) 

canalifera, O tieusberg. 

canaliculata, G. , . Ditto. 

•.triatula, « Ditto, Kifel, Christiania. Treulonfalb, &C. 

1 Yeu w « e > Dow,l ‘ on > • • • Kird - 1 

> havis, S.... Near Ludlow. 

Gypidia conchidium, D. Gottland, Lithuania. 

gryphoidos, G. Pfaffratli. 

lfcvis, G Ditto. 

Strygocephaluu Burtini, Defr Bensberg, Eifel. 

striatus, G i Eifel. 
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Family. Name. _ British Localities. 

BncUopodk xXaffisow.} 4 ®™* 8 ' •" Dudley. Hymoutl., Ledbury'. 

as pern, Schl. ‘ # 

canaliculata, D , , , , . . . , » , . 

((a'cab, D 

micella, D. 

crassirostris, D, 

leuticularisj, 1) 

c ass idea, D 

dorsata, His 

pm num, D 

tiimidn, 1) 

tumidula, His . * 

micula, D. 

nitida, 6. 

Terebratula *lateralia, S. ...... *, s . 

* crumens, S. 

* P u K r;x *» & Plymouth . . . 

► Manti 


* Manti®, 8 

* acuminata, S. * * • 

porrccta, S. % Newton Bushel. 

* platyloba, S Plymouth. 

Ilennahiana, S. * Ditto. 

gigantea, S Ditto. 

rot undata, S. Ditto. 

lachiyma, S Ditto. 

triloba, G 

canaliculatu, G 


Foreign Localities. 

Eifel, Bensbcrg, West Gottland, &c. 

Eifel, Bensberg, Gottland, Christiania. 
Oeiand, Lithuania. 

Eifel, Gottland. 

East Gottland. 

West Gottlaud. 

Oeland, West Gottland, Andraxum. ’ 
Gottlaud. 

O eland. 

Gottland. 

Ditto. 

Ditto. 

Schonen. 

Luke Simcoa 
Eifel. 

Ditto, Lake Huron, Li: dl.ir. 

Eifel. 

Kins. 

Eifel. 


Geology. 
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quinquelatera, G. 
dichotoxna, G. • . 


nentagona, G. 

Wahlenbergii, G. 

subglobosa, G, 

Lifiua, G. 

cluvat<i,”G 

amygdala, G 

con centrica, Brown. , 

heterotypa, Brown. 

* plicatclla, D Plymouth .. 

lacuniisa, Wahl Ilerefordsliiiu 

* diodouta, D 

enneata. D 

* bideutita, Ilia. . . . w-. 

marginalia, D 

didyma, 1). 

Galccola suudalina, Lan. 

Crania prisca, linen 

Orbicula conceutrica, v. Buch 

rugata, Murchison ...... Herefordshire, Kirby Lonsdale 

Lingula undetermined, Murchison Herefordshire. 


Eifel. 

Ditto. 

Ditto. 

Ditto. 

Ditto, 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Doreiifchult, Hushyfjovl, East Gottland. 
Porsgrund, (IVorwaj .) 

Eilel, Ci-ittlaud. 

Gottland. 

Ditto, Djuprtken. 

Kliutobcrg, Gottland. 

Gottland. 

Eifel. 

Rut in gen (in grcytrocke.) 

Martenberg (VValdcck.) 


All the leading divisions of living conchifera are re- carboniferous limestone, ami for" the most part almn- 
cognised in the shells of the slate system, but there is a dantly. The localities in which these shells are stated 
singular contrast between the present and the ancient to occur in transition limestone are, Plymouth, Newton 
systems, as to the relative proportions of these divisions. Bushel, and Torquay in Devonshire, 10 species; lslo 
A short tabular comparison will render this very evi- of Man, 2 species ; Ilerborn, Blankenheim, and the 
dent. Catskill Mountains- We must leave it to future ob- 

Of l 00 conchifera now living 80 are plagymyonous ; servers to say, whether any other such coincidences 
18 mesomyonons ; 2 brachiopodous : belonging to the occur at these and other places, and whether it is quite 
slate system, ‘27 are plagymyonous; 11 mesomyonous; certain that the limestones of Devonshire really belong 
62 brachiopodous. Of 78 species belonging to plagy- to the transition series, a point on which we cannot 
inyona and mesomyona, 3 are repeated in carboniferous avoid feeling some doubt. * 

limestone, and 10 of the 11 genera which include them The following conchifera, chiefly collected by Mr. 
are continued through a long range of secondary rocks. Weaver from limestone in the South of Ireland, are 
Nearly all the genera (as yet imperfectly under- referred by M# De la Decide to- the transition limestone, 
stood) of the brachiopodous bivalves are also found We have found in comparing this list with that of fossils 
abundantly in carboniferous limestone. Of all these, indubitably belonging to the carboniferous epoch, so 
terebratula is the only one now living, and it is very extraordinary an identity, and on the other hand, when 
correct to , say that the forms of these M primary” spe * compared to characteristic fossils of r transition limestone 
cies recede much more from the living terebratulie than obtained from Countries in which its Geological rela- 
do those of the less ancient .secondary strata. The mus-, tions are certain, so marked a discordance, that we mu si 
cular and ligaments! structure pf. these animals* could it *fbr the present keep the fossils from the South of Ireland 
be well made out, would surely afford -very Curious separate# 

results. The shells are most frequent in the limestones, Isocardia ‘oblongs, 

but not by any means confined to them. Of 129 ‘ spe* Bnirifera ‘canndsts. 

cies included in the preceding lists* 17 occur also in the •glabra. 
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Family. 

Ilolostomuta 


Solenostomata 


Spixifera *obtuna. 
♦striata, 
•pinguis, 
reticulata. 

Terebralula *cnimena- 

•cordiformis. 
♦pugnus. 
♦rostrata. 
faffiuis. 
♦Uevigata, Sch. 
elcmgiita, Sell, 
•acuminata, 
^lateralis. 


Terubratula *reniformis. 

Producta *Scotica. 

♦Martini. 

•concinna* 

♦lobata. 

♦punctata. 

♦nmbriata. 

fdepresso. 

anoraala. 

In the above list the species marked * are common 
fossils in the carboniferous limestone, those marked 1 
are usual in transition limestone. 


Geology. 
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Gasteropoda. 

Name. British Localities. 

. .Patella P conicu, \V. . • • • 

penuicoBtes, W. •••••• 

concentrico, W. ........ 

Noptuni, G 

primigonn, G. 

rileopsis ♦vetusta, S. Plymouth, near Ludlow. 

prisca, G. . «... 

conoprcssa,^} 

Sigaretus? rugosus, G 

Nerita Bubcostata, G 

* Rpirata, S Ditto. 

Delphinula ? roquilatera, W ’• 

obvallata, W. 

cornu arietta, W 

alata, W 

subculcata, His. 

Euomph&lus angutosus, S Benthatl Edge. 

discors, S. Shropshire, Dudley. 

* nodosus ? S. 

rugosus, S Coluhrook Dale. • 

* catillus, S 

funatiiR, S Shropshire, Ledlmr)', Dudley. 

spinosus, G. .. 

* Iravta, G. . 

r&diutus, G 

BtriutUH, G 

articulatus, G ■» 

depressing G 

Delphi nuloides, G. 

trigonalis, G 

cannatus, G 

angulatus, W , • 

Milmtriatus, His 

centrifngus, W. 

costatus, II is. 

Cirrus *acutus, S . Plymouth, Tutworth. 

exaltatus, G 

ellipticus, His 

Turbo * tiara, S Plymouth. 

. bicarinatuH, W 

armatus, G 

nodosus, G 

Pleurotomaria striata, S 

Cirriformfo, & Ditto. 

Itobo ctelatus, G. 

porcatus, G. . 

Rotella helicinmformta, G. 

Turritella ringulata, His 

biliueata, G . . . ; . 

coronata, G 

abbreviate, S. ......... Newton Bushel. 

epinosa, S Ditto, Plymouth • • 

striata* G 

obsolete,©. 

FhatiaaeUa ventrieosa, G. • ., « • % 

buccinoides, G.* 

fuaiformta, G. 

cP harpula, L. * Plymouth, Newton BusheL 

Pacutum, 8. . , Plymouth ' 

pcatufn, 8* ......... Plymouth, Newton Bushel . 

V* . IV - * • BlU ‘ W » , 

SK^fuoii Scbl 

Terebi^$Hennahlana Plymouth. 


* Foreign Localities. 

Kinnektllle. 

Ulando. 

Moweberg. 

Eifel, Olpe. 

Pfam&th. * 

Eifel. . 

Ditto. 

Ditto. 

Pfaffrath, Eras. 

Gottlaml, West Goltland. 
Dalccarlia, Oel&nd. 
Gottland. 

Ditto. 

Ditto. 


Eifel, Bensbcrg. 

Lake Erie. 

Bensberg. 

Ditto. 

Eifel. 

Ditto. • 

Ditto. 

Ditto. 

Bensberg, Rife), Dillenberg. 
Bensbcrg, KifeL 
Ditto, Ditto. 

GotUand. 

Ditto. 

Dalccarlia, Wikatby, Gottland. 
Gottland. 

Eifel. 

Datecarlit. 

Wikarby, Dalccarlia, Boreushult, ftc. 

Ditto. 

Kms. 


Eifel. 

Bensberg. 

Pfaffrath, Eifel. 

Gottland. . 

Bensberg, Pfaffrath, Eifel. 
Pfaffrath. 

Bensberg. 

Eifel. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Bensberg, PfaiCrath. 

Bensberg. 

Ditto. 
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Cephalopoda. 

Family* Name. iJritisli Localities. 

t M oa ot halamia , • • •Bellerophon "tenuifascia, S Newton Bushel. 

•coAu arietis, S 

•apertus, S . . 

* •costatus, S. .......... Plymouth 

undulatus, G 

ttriatun, O. i 

Hupachii, Def. 

* Caucusicnsj Fischer 

cicatrisatus, F. 

helicoides, F. 

„ nodulosus, Q 

Folyfhalamia. • • . .Conularia *quadrisulcata, S. ... Gloucestershire 

•teres 

pyramid&ta, Hem 

OHhoceras cinctum, S. * Herefordshire. 

* dreulare, 8 Dudley, Hertford*. Plymouth. 

annulatum, S Salop 

striatum, S 

giganteum, S 

nndulatum, S. . 

acuarium, M 

regulars, Sch. 

stnato punctatum, M. . . 

cingulatum, M. 

torquatum, M 

•*Steinhaueri, S. ....... , 

'corinatum, M 

lineare, M. 

irregulare, M. ......... 

commune, W 

duplex, W." 

trochlearc, Dal.. 

ccntrule, D 

turbinatum, D 

graeik*, Blum 

rectnm, Bose. .......... 

excentricum, Q 

noflulosum, G 

imbricatum, W 

ngulntum, W. 

liueatum, His. 

striolatura, V. Meyer ■ 

inflatiun, G. 

Cyrtoccras semilunare, G 

depressum, G. 

compfessum, G. 

orn&tum, G 

annulatum, G. ........ 

lineatum, G. *..... 

Polythalmia. • . • »8pirula compressa, G. 

nodosa, Cl. .............. •*. ........ 

costata, G. 

annulata, O! 1 

carinata, G. ; 

dorsato, G. ............ 

constricta, G. .' 

Nautilus divisus, M 

intormedius, M * 

ovatus, S. * 

“ Lituite9 perfectus, IV v. 

imperfectus, W 

unuescribed Herefordshire, Yorkshire. 

Ammonites (GoniatH.es, v. B.) 

A* Gon. expansus, v. B. 

Ovexns, v. B. 

Noeggerathi, G, .• 

subhautilinns, Sch. 

* primordialis, Sch. ....«• 

Becheri, 6. 

priscus, G 

antiquua, G 

Heninghausii, v, B. «... 

MUostd, v. 3. ««. . . . «'• i . \. • i . . ** 

r» B. i . , .tut. » . . . . 

nmltiscptatus, v. B % ...» 

inaduistriatus, M. 

wmistriatoe. 

spwiosus, BA Mi.i.i i) i v • • f • • ••• ••..«•• 

retro r»u*,r. B 

Palmanni, His. 


Foreign Localities. 

Catskill MouutiuoB. 

Kifel, Platt sburg. 
Lithuania. 

BlADkeuhcim. 

Ditto, Bensberg. 
PfafTrath. 

Moscow. 

Ditto. 

Ditto. 

Bunsberg, Hare. 

Canada. 

Ix>chport, Eifel. 

May near Caen. 


Eifi'l. 

Malmoe, Christiania, Now York, 
Elbersrcuth, Kifel. ' 

Tzarkos zelo. (St. Petersburg.) 
Klbersreuth. 

Oeland. 

Klbersreuth. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

In Sweden common. 

Kinnukulle, New York. 

Sollcroe (Dalccarlia.) 

Ditto. 

Oelaml. 

Gcistlicher Berg, Wissenbacb. 
Kiichel. (Prague.) 

Bcnsberg, Gladbach. 

Kifel. 

Gotthuul. 

Ditto. 

Ditto. 

Geibtlicher Borg, Frankenberg. 
Kifel, Gottland, Lake Huron. 


•sr 


Benstierg. 

Kifel. 

Ditto. # 
Bensberg. 

Kifel. 

Ditto. 

Kibach. (Dillenburg.) 
Kifel. 

Ditto. 

Dittow 

Ditto. 

Ditto. 

Montmorency Falls. 
Geistlicher Berg. 

Hof Schleitz. 

Ditto. 

Mbsseberg, Reval, 
Jungby. (Sweden.) 


GeistUcher Berg. 

Kifel. 

Ditto, Wksenbach. 
Wissenbacb. 9 
Hava, Gosha. 

Dillenburg. 

Ditto. * 

Ditto. 

Botuiberg. 

Klbersreuth. 

Goslar. 

Kifel. 

Blbersreuth. 

Ditto. 

Ditto. 

M^rtenboig. (Waldeck.) 
Gottland. 

4a2 
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Geology, The roollusca of the slate system range themselves 
IL under 16 gasteropodous and 8 cephalopodous genera. 
There are stated to be 64 species of thfe former and 
79 of the latter. The gasteropodous genera are mostly 
thought to be identical with those now in existence ; 
excepting nautilus, all the cephalopoda are extinct gene- 
tically. A11 the species are extinct, though N. caurena, 
Lam., is (we suppose by mistake) quoted as found in 
America. 

The ammonites of this system are of the same generic 
types as those in the carboniferous limestone, with 
waved or angulated, but not foliaceous suture** 

From the South of Ireland wc have, 

Melania constricts*.* 

PileopsU vetusta.* • 

Nerita. 

Cirrus acutus.* 

Euomphulus catillus.* 

PIci:ronuiria cirrifoririis. 

Bellerophon fanuifascia.* 
ovfttus; 

Orthoceros striatum. 

paradoxiemn. 

' Nautilus globatu*.* i 


Nautilus multicarinatus.* 

. coriniferus.* 
(Ellipsolithes) funatus. 

corafressus. 

ovatus. 

Ammonites. 




In which list the asterisks show analogy to the" carbo- 
niferous limestone, while perhaps not a single fossil is 
characteristic of the transition series. 

Out of 143 species of mollusca in this list, 16 are 
marked as. also occurring (for the most .part plenti- 
fully) in the carboniferous system. The localities which 
produce these shells are the Devonshire limestones 
before mentioned, Blankenhefm, Lake Erie, Shrop* 
shire, and the country about New York. We recom- 
mend the further consideration of this subject to the 
special attention of Geologists, in connection with 
Mr. Murchison’s recent discoveries in the upper slate 
system of Wales, in which all his researches appear to 
show a constant and complete difference between the 
fossils of the transition series and those of the carboni- 
ferous limestone, separated from it by four thousand 
feet of old red sandstone. 


Annulosa. 

Serpula epithonia, G. • • Bensberg. 

ammonia, (t. Kifel. 

omphalodes, G. Michel Dean, Gloucestershire Ditto, Befisberg. 

gocialis, G Ditto ditto. 


Crustacea. 


Family. 

Trilobites..*'. 


$?ttH IP. 

• Calymeno Blumenbacbii, Bt. 


{ 


British Localit Ion. 

Dudley, Tortworth, Char- 1 
field, Shropshire ..... j; 
macrophthalmi, Bt Dudley, Shropshire 1 

— { 

Trist&ni, Bt. . j 

bellatula, Dal 

ornata, D. 

verrucosa, D. 

polytoma, D. 

actinura, Dt 

schlerops, D. 

Schlottheimii, Broun 

latifrons, Br. . 

concinna, D. 

protuberant, D. 

{ mnetata, Wahl 

aevigata, G 

arachnoides, G * 

vpeciosa, Stenaburg 

aqualis, Meyer 

Asaphus cordatua, St. ... 
cattdatun, Bt. ..... 
cornigenis, Sch. ... 

Hauumanni, Bt ... « 

De Buchii, Bt. LlondUo, Bualt 

mucronatus, Bt. ••••../• • 

expansns, Wahl Dudley 

granulatua, Bt ; . ; 

extenuatus, W.J. ........ 

‘ Brongniarti, D. . I 

anguatifrons, D. . , " . . 

Keros, D ; 

platynotua, D. ■*. 

frontalis, D. 1 . 

, lavicqs, D. 

■‘•.o'* (alptfbrotus, D. ........ ,,* 

, ettwfsq(|a,iy. 

ditotatna, D. ....... .... ....... 

auriculatu*. D.'«. 

Buce^abia, G. 

armanif v G. iV.;.. 

8chroeteri,SebL 

velatus, Schl IM v, 


Dudley, Ledbury, Tortworth. 


Foreign Localities 

Ohio, Newport, Utica, Scania; Ostrogothia, Gottland, 
Kifel, &c. - 

Dusseldorf, Dillenburg, United States. 

Eifel, Brcuville, Fnlaise, La Ilunaudiero, Rennes, 
Angers. 

Husbyfjoel, (Ostrogoitland.) 

Ditto. 

Varying, (West Gottland.) 

I J j l ro£, (West Gottland.) 

Berg, (OgfojgDttlaud.) 

Furudal, (Dalecarlia,) Osfrogottland. 

Blankenheim, Daun, Gerol stein. 

Ditto ' ditto ditto. 

Gottland. 

Westphalia. 

Gottland. • 

Gerolstein. 

Ditto. 

Oeland, Rohman. 

Dillenburg, Herborn. 

Gottland. 

St. Petersburg. 

Amhresbury, Neliou, Prague, CatakiH Mountains. 
Kifel, Cyer. (Norway.) 

MhWberg. (West Gottland.) 

Sweden, Norway. 

VarviMg, Olleburg, (West Gottland,) FurudaL' “ 
Muabyhoel, Hcda. (Ostrogottland.) 

■ Kiful, May, Nehou. 

HusbyQoe]. 




‘ Kituiekulle, Wikarby. 

West Gottland. 

Ljung. 

Husbyfioel. 

Ditto. 4 

Ditto, Christiania, Tmkos-selo. 
Noway, 

Karlstein. 

Kifel. . 

Ditto. 

Revo). 

Ditto. 
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Asaphus, ' my ops, K* nig . . . , 
puKtulatua, Schl 


i. Dudley. 


Biitivh Localities. - 


, centrotuB, D 

laticauda, D. 

crassicautla, D. . . .... 

glomerious, D 

£SK£. 

Ogygia, Guettardi, Bt. ...... 

Dosmarestii, Bt 

Wahlenbergii, Bt. .... 

Sillimant ........... 

Psradoxides, Bt. 1 T f • • Bt 
Olomw, Dal. } ’ 

Sulzeri, Bt 

spiiuilosuv, Bt 

gibbosuH, Bt 

scaraboides, Bt. 

Iloffii, G 

Bucephalus, Wahl . . . • 
macrocuuh&lus, G. • • . . 

flabellifcr, G. 

Agnostug pisiforinis, D. ..... 


Foreign Localities. 

Gotland. 

Oeland. 

Husbyijoel. 

Osmundsherg. (Dalccarlia.) w ’ 
Huabyfjoel, Christiania, Tzarko*n*lo.‘ 

Ilusbyfjoel, Skarpasan, Scania, 8cc. 
Hukbyfjoel. 

Ditto, Skarpasan, Varying. 

Angers. 

Ditto, Gerulatein. 

Ditto. 

Mount Schncctady. (North America.) 
Olstorp, (West (Jolt land,) Uincz, (Bohemia.) 
.Gintz. 

Andrarnm, Scania, West Gottlaud. 

Kin nek idle. 

Falkoping, (Ostrogottland,) West Gottland. 
Gine*. 

Olstorp. 

Kifol. 

Ditto. 

Kiunekiille, Mossobferg. 


Geology. 
Ch. II. 


The greater part of these cruBtacea are peculiar to 
the slate system, and are distributed extensively along 
its range, generally in tile upper slates and calcareous 
beds. No trilobite has yet been found in these strata 
in Scotland, Cumbria, Cornwall, or Ireland, but many 
species occur at Dudley, in Shropshire, Herefordshire, 
and South Wales, as well as in Sweden, Norway, about 
St. Petersburg, the Harz, the Eifel, at Angers, and in 
North America. Several species yet undescribed belong 
to the carboniferous limestones of England, which ap- 
pear different from those of the transition limestone. 

Fishes. 

Traces’ of fishes have been found at Dudley, Tort- 
worth, and in the Eilel. * 

General Summary. 

There arc 553 species of organic remains, of which 49 
are also found in the carboniferous limestone more abun- 
dantly . The principal localities for these species in the 
slate system are Devonshire and the banks of the 
Rhine. If we include the shells of the South of frelaud, 
the repetitions of species amount to 62. 

Plants .... 14 species, of which 4 are marine, 10 terrestrial. 

Polypariu . _ 87 . . fibrosa 7, corticifera 2, celluli&ra 44, 

lumellifera 34. 

Radiaria . , 34 

t'onchifera . *2UG .. plagymyonn 55, mesomyona 23, bra- 
chiopoda 123. 

Mollusca . • 143 • . gasteropoda 64, cephalopoda 70, ' of 

which 11 arc raouotlmlamia. 

Anmilosa . • 4 

Crustacea .65 

r _ 

553 species, all marine, except a few plants/ 

Fishes .... 

f 

Secondary Strata. ’ 

Carboniferous System . 

Physical At the commencement of the second great period in 
geography the deposition of the stratified crust of the Earth, that 
ofthepe- during which the secondary strata were deposited, the 
surface of the Globe, as far as this can be known from 
observations so long posterior, was in a very different, 
state from that which has been inferred to have been its 
condition before the deposit of the primary strata. The/ 1 


it is probable that little dry land existed, and perhaps 
most of the mechanical aggregates of the primary series 
were produced by agitations of the comparatively shallow 
waters of the Ocean ; but now many mountain ranges 
and groups may be traced dividing the Ocean into seas and 
gulfs of various depths and unequal area, within which 
materials swept forcibly by inundations from the Jam! 
were mingled with chemical precipitations from the water. 
Thus the primary ranges of Scotland, England, Wales, 
and Ireland, the South of France, and the North of Ger- 
many, arc in* many parts enveloped in thick strata of 
conglomerate sandstones, shales, coal, and limestone ; 
and these deposits begin to assume more local charac- 
ters, dependent on the varying Physical conditions of the 
particular case. 

The shales and sandstones, which are evidently the 
result of the mechanical action of water, contain the 
reliquiae of plants in great abundance, and the coal 
seams arc wholly formed from the matter of terrestrial 
vegetables ; but the limestones are full of inariue shells, 
corals, and radiated auimals. From the former we learn 
the conditiou of the land, from the latter that of the sea. 
The high temperature during the deposition of the pri- 
mary strata, indicated by the remarkable Consolidation 
*of the rocks befoie the carboniferous era, may likewise 
be inferred from the tropical cHiaractcr of the plants 
associated with the coal seams, and the coralline and 
other zoophytic animals embedded in the limestones of 
the carboniferous epoch. To this period likewise belong 
many mineral veins, many eruptions of basaltic rocks, 
and other effects of internal heat. 

The carboniferous deposits are generally very distin- 
guishable from those- of the primary^group ; most re- 
markably so, where, as 1*9 generally the case, their 
accumulation was preceded by a great elevation of 
the slate mountains 2 but in several instances the change 
- from the older slates to the shales and sandstones of the 
superior group is very gradual, (Herefordshire,) and un- 
accompanied by' violence, and the organic remains are 
mostly congenerous. It is not then a new Creation, nor 
even anew System of Nature, that we are called upon to 
examine, but another step in the scale of periodical 
operations, whereby the vacant Planet was replenished 
wtyh life, and fitted for the residence of Man. 
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Geology, In England the carboniferous system, when fully ex- 
Ch. ll. panded, admits of division into three senes : 
v — v— The old red sandstone, 

Divisions The carboniferous limestone, 

‘ ,f The coal formation ; 

syu am. anc | i n many parts, (Somersetshire, Monmouthshire, 
Derbyshire, &c.) these are not only distinguishable 
but even strongly contrasted; the first by its red sand- 
stones, and conglomerates derived from the neighbour- 
ing primary mountains ; the second by its almost un- 
divided mass of limestone full of marine exuvis ; the 
last by its shales and argillaceous sandstones, bands 
of ironstone, and beds of coal. But, in Yorkshire, 
the limestone series begins to be intermingled with 
coal, sandstones, and shales; in the Northern parts of 
Northumberland these two series are intimately blended ; 
and in the Isluud of Arran the diminished deposits of 
coal and mountain limestone are included, and almost 
lost in one vast mass of red sandstone, with no clays and 
conglomerates. N 

There is nothing peculiar in this; we shall* find ex- 
actly similar phenomena among the superior formations. 
In tact, it is certain that among all the formations pos- 
terior to tile slates, the distinctions of strata are mostly 
local, and even the formations themselves, however ex- 
tensive, are limited within the circuit of the anciently 
elevated primary mountains. Nevertheless, the red con- 
glomerates when present usually appear at the base of 
the carboniferous system, and the coal deposits are most 
plentiful at the top. This appears a natural consequence 
of the state of the Earth’s surface when the formation 
began. .The conglomerates should be most abundant 
in the oldest deposits, because they are evidently the 
result -of the transient violence attending the elevation of 
the primary strata which they surround ; then, in the sea, 
the period of succeeding tranquillity is marked by the 
most decided accumulation of marine spoils ; and these, 
according as they took place in deep water or near the 
shore, retain a pure oceanic character, or arc mingled 
with the spoils of the land, which, increasing in quan- 
tity, finally buried them under the vast mass of coal 
measures. 

In describing this series we shall confine ourselves 
principally to the British Isles. 

Old Red Sandstone Formation . 

Origin of In most cases the production of this rock is evidently 
this forma- the effect of general convulsive movements. The slate 
b<m# rocks of Cumbria, exposed upon their recent elevation 
to enormous waste and degradation, were rolled to 
pebbles, which were collected into hollows or rude val- 
leys, and reunited by a basis of red sandstone or- red 
itiarl into vast irregular beds of coarse conglomerate. 

The mountains of Scotland are in the same way bor- 
dered by enormous accumulations of the Same character ; 
told those of North and South Wales are flanked by 
extensive deposits of pebbly red sandstone. 

This lowest member of the carboniferous system, 
though varying In character in fevety different cliff and 
district, Sind irregularly distributed; is an extensive and 
important mass of Strata. 

In thsCum- The limited tthet of* old red sandstone adjoiningto 
brun di* the slate district of Cumberland and Westmoreland, lies 
tnct. principally on the Eastern side, where it appears in 
patches, in Sfell-fcll, at Dalre Castle, Sedbergh, and 
Kirby Lonsdale, end near Kendal. In all these situa- 
tions it is a Very coarse conglomerate, with a basis of red 


sandstone or red marl, Ailed with ‘fragmented masses* Geology, 
almost entirely derived from the neighbouring" slate Gh. II. 
hills. Some of these fragments arc quartz veinstone 
with micaceous iron ore. Each little patch of conglo- 
merate is nearly confined to a 'particular valley, and 
seems, in fact, to have been accumulated by currents 
which in the ancient times of disturbance passed down 
that hollow. No organic remains have ever been found 
in this rock around the district of the Lakes. In some 
places the quantity of pebbles is diminished, and the 
red sandstone forms separate beds ; (Shapwells ;) in other 
.places the red clay, alternating with blue and white 
layers, (as at Kirby Lonsdale,) so olosely resembles the 
new red marl, thpt nothing but the Geological relations 
could determine 'the difference of the deposits. As 
might be expected in such a heterogeneous mixture, the 
beds and joints of the conglomerate beds are irregular, 
and it deserves attention that hitherto no mineral veins 
have been found to traverse it. Veins of calcareous spar 
occasionally divide it, and, what is remarkable, the peb- 
bles are <Meh split by these veins, as they are in the 
contemporaneous conglomerate of Oban in Argyleshire, 
and the more recent Nsgelflue of Swisserland. 

It appears from these circumstances, that during the 
period of turbulence which succeeded the deposit of the 
slates in Cumberland, the waters of the sea had a par- 
ticular tendency to deposit, near the shores, materials 
charged with rtid oxide of iron, and that the compara- 
tively quiet process by which sandstones and clays were C 
thus produced was liable to violent interruptions, and 
the products in consequence mixed with a vast quantity 
of fragments of the prcconsolidaled rocks, probably urged 
downwards to the sea along the lines of dislocated strata 
which had already begun to be excavated into* valleys. 

Along the South-Eastern and Southern border of the In Wales, 
slate district of Wales, through Herefordshire, Mon- 
mouthshire,. Glamorganshire, and Pembrokeshire, the 
old red sandstone formation is much more fully de- 
veloped than in the lake district of the North. It is 
vastly thicker, more extensively spread out, composed of 
various deAnite parts, and consequently more regularly 
traceable through the country. Its boundary on the 
West is by C&erm&rthen, Brecon, and Leominster. On 
the East it runs from near Cardiff, by the high district 
of Wcntwood, Trelech, and Craig y Dorth, and by the 
Forest of Dean, which it encircles with a high boun- 
dary edge to near Leominster, where it seems to end 
abruptly. Its thickness in MontnouLhshirc and Brecon- 
shire can hardly be estimated at less than 2000 feet ; 
but its lower edge is not always clearly distinguishable 
from Ihe greywacke slates beneath. 

One of the best sections of the old red sandstone is Monmouth- 
afforded in the neighbourhood of Monmouth, beginning shire, &c. 
with the Kythin Hill, which is partbf the lofty boundary 
of Dean Forest. - 

, Here we perceive that the thick conglomerate rocks, 
full of quartz nebbles, remarkably analogous to some 
varieties of millstone grit, form the very cap of the , 

Whole system, and crown fhe hills with magniAcent pre- 
cipices fend solitary crags. Below is a series of red sand- 
stone rocks, productive of excellent flagstone, with one, or 
'jperhaps two, beds of a singular limestone, mottled with 
Irted, blue, green, and yellow, sometimes much mixed 
with days, and always irregular. "Though of argilla- 
ceous aspect, it is so nearly pure as to be burned to 
lime ; apd though apparently fragmentary, is really a very 
hard stone, At for the roads. It contains no organic 



GEOLOGY. 


583 


Geology, remains. The lowest part of the section exhibits an 
Ch. II. extreme abundance of red marls with white und green 
bands, undistinguishable from those of the new red 
marl. 

These characters accompany the range of the old red 
sandstone through the lower parts of Monmouthshire, 
and through Herefordshire, and part of Worcestershire, 
where the upper conglomerates are used as cyder mill- 
stones, and the limistoae (called cornstone) is often 
employed on the roads. 

This limestone, indeed, notwithstanding its apparently 
irregular and fragmentary character, is one of the most 
persistent layers that we are acquainted with, for it ac- 
companiesand characterises the old red sandstone along 
nearly its whole course. In Caerrnurthcnshire it is par- 
ticularly remarkable in the cliffs near Laughurne, from 
which specimens may be obtained not distinguishable 
from the “ gooseberry” stone of Monmouth. 

Scotland. The old red sandstone is largely developed in Scot- 
land, especially along the South-Eastern edge of the 
Grampian mountains, and on the North-Western side 
of the slate ranges of Lammerrnuir, as fully described by 
M. Bone. As before observed, it forms in Arran the 
lower portiou of one vast red sandstone series, the 
upper portion of which, not very different in any of its 
characters, is taken by Murchison and Sedgwick for 
the representative of the new red sandstone of England. 

On the Western side of Scotland the old red sand- 
stone is found at many scattered points ill bays and hol-‘ 
lows of the mountains, and has received very good 
illustration from Macculloch and the Geologists above 
named. Along the Caledonian Canal und in Caith- 
ness, strata of this age ubound,und the Orkneys appear 
to consist chiefly of the same group of rocks. 

Almost universally this red Bandstoue system, how 
various soever in thickness and in quality of coinp^^ 
turn, consists in all the lower portion, which resir. upon 
the slate system, of a coarse conglomerate Sandstone, 
generally tinged red, full of fragments larr e and small, 
arid rounded by attrition in water. This rock does not, 
like that of Cumberland, to which »A is strongly analo- 
gous in composition, lie entirely j n local hollows, but 
forms a continuous belt round nearly, the whole primary 
district, where the border of this is distinctly seen, and 
rises into hills of considerable altitude, which are in this 
manner wholly composed of the ruins of the interior and 
still higher primary mountains. The contemplation of this 
remarkable rock in the vicinity of the beautiful Lakes in 
the South- West part of the Grampians, can hardly fail to 
impress upon the attentive observer two propositions of 
the highest importance in Geology. 1st. That the accu- 
mulation of these mountainous ruins of earlier rocks was 
caused by the violence of water, put into activity by the 
elevation of the primary rocks, and favoured in opera- 
tion by the fractures which this operation produced in 
them. 2d. That, since all these effects, the whole region 
of primary and derivative rocks ha9 been again elevated, 
perhaps by a more insensible process, so as to raise the 
conglomerates to the height of 1000 feet or more above 
the level of that sea in which they were formed. 

According to the nature of the primary rocks in its 
vicinity, as remarked by M. Boud, the red sandstone 
conglomerate varies In composition. The degree of attri- 
tion to which the fragmentary masses which it includes 
have been exposed, is here different in different places ; 
without doubt according to the degree and continuity of 
the aqueous action accompanying the disruption of the 


primary .strata. Tims on the banks of Locline^s, at Geology 
the Pall of Foyers, we find it a sort of granitoid breccia, <’h- »• 
with fragments slightly rolled of quartz, mica slate, ml ~ 

granites, : primary limestones, Ac. Wc might easily 
admit that this granitoid breccia is in some degree nu\~ 
tamorphiCt like certain breccias of Plutonic aspect in 
the slate district of Cumberland. The brocciated cha- 
racter, so remarkable at the Fall of Foyers, is speedily 
changed at a small distance into the usual aspect of u 
decided conglomerate. 1 

Along the South-Eastern edge of (lie Grampians, the 
composition of :he conglomerate appears dependent in a 
high degree on the nature of tho primary series mi 
which it reposes. Near the granitic and porphyritic re- 
gion of Aberdeenshire, quartz, felspar, porphyry, granite, 
with gurnets, sienite, hornblende, compact felspar, are 
mentioned by Bout, with gneiss, mica slate, and clay slate. 

But in the district of Loch Katrine, where Plutonic rock s 
arc less abundant in the elute system, the fragments cor.^ 
almost wholly of mica and chlorite slate. In Ob r alJ 
have observed that the rock contains not only rn asses of 
trap rocks, but that its base Is in places alrn^-t wholly 
composed of the substance of those rockp, reduced to 
sand. Along the Laimnerrnuir ranges, ^hi c h arc com- 
posed of clay slate and trap rocks, tl» c conglomerates 
contain almost wholly slate fragment'* and boulders, and 
lie in hollows of the chain, very K mc h as the contem- 
poraneous deposits border the Wnifor slates of Cumbria. 

The inclination of the conglomerate strata is depen- 
dent on tb'.* configuration of the primary mountains, 
and thepj is no doubt that lh^ stratification is for great 
lengthy of country in irregular accordance with that of 
lh? older rocks ; yet this dependence is chiefly observed 
*jong the lines parallel to the axis of elevation of the 
Grampians, and even there liable to great exceptions. 

In the vicinity of Loch Lomond it succeeds clay slate ; 
generally along the Grampians it rests on mifca slate or 
chlorite slate ; but along the Lammerrnuir hills on grey- 
wacke slate. 

Receding from the border of the mountains, the 
upper strut u of ted sandstone are found nearly free from 
pebbles, composed of lamina* of various quality, sandy 
or argillaceous ; and sometimes, as in Perthshire, va • 
riously coloured. The greater part of the sandstones 
of Caithness, which ore usually ascribed to this era, are 
dark, carbonaceous, flagstone rocks, in a few places con- 
taining between their layers very interesting specimens 
'of fishes, which have been conjectured to belong to fresh* 
water tribes. Laminated sandstones abound in the Ork- 
neys. Red sandstones accompany the coal of Dumfries- 
shire, and in this part of Scotland we believe that the red 
sandstone series is, like that of Arran, a great continuous 
deposit, in which the carboniferous limestone and coal 
seams form merely the parting, not always traceable, 
between the old red and Ihe new red sandstone systems. 

A natural classification, in all life Southern parts of 
Scotland, made without reference to other parts of the 
Island, would, we think* include tire carboniferous and 
saliferous systems in one general term, the red sandstone 
system having, as subordinate groups/ the mountain 
limestone and coal strata. 

This should diminish the anxiety sometimes felt aboift 
universal agreement in classification , and encourage 
topographical Geologists to employ lot the country they 
describe the arrangement of strata most suitable to de* 
velope the true local relations of the rodks. 

Metallic veins arc rare in the old red sandstone rocks*. 
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Geology* but veins of crystallized earthy substances occur ‘fre- 
Ch. 11. quently. Carbonate of lime traverses it at Kirby Lnns- 
dale.; sulphate of barytes near Monmouth and South 
Saunox in Arran ; sulphate of stroutian occurs iu it near 
■ Inverness ; and asbeRtus in Kincardineshire. (Roue.) 
The joints in it are very irregular. 

In Ireland. The mountain limestone, which underlays all the coal 
fields of Ireland, generally rests on old red sandstone, 
which is unconformable to the subjacent slates. 

Mountain or Carboniferous Limestone Formation. 

' The carboniferous limestone is a rock of which the 
history must principally be studied within the limits of 
the British Islands, for it is no where else so much or so 


Further North these mechanical admixtures increase 
in amount, while the calcareous strata diminish, atfd at 
length, in the Northern parts of Northumberland, the 
limestone district has become a valuable coal field. 

To embrace the subject in its most interesting point 
of view, we shall commence our account of the carbo- 
niferous limestone with a description of its ch&ractenhtp 
the “ Pennine Alps,” which border the Western parts of 
Yorkshire and Durham, and the Eastern parts .of Cum-' 
berland and Westmoreland, and we shall connect there- 
with the analogous arches of limestone, which begird the 
primary district of the Cumbrian lakes. Taking this as 
a type of the formation, we shall be able to compare with 
it the other localities in the British Isles and on the Con- 


variously developed. Its romantic rocks border many of tinent of Europe. 

, the most beautiful valleys of the South-West of Scotland, This tract of country has been, for different objects, 

• .Northern and Central England, and encircle the wide partially described by Professor Sedgwick and other 
pt .hoary regions of Wales.* In Ireland, as Mr. Weaver Geologists, and their views, whether published or not, 

- obsc/vcs, this limestone is the prevalenfand characteristic will be recognised in the following summary. The 
rock it.* most of the Counties, except Derry, Antrim, and Cumbrian slates are surrounded for three-quarters of a 
Wicklow • circle, from Egremont to Diversion, by a belt of limestone, 

• The rom antic channel of the Meuse runs for a con- which reposes indiscriminately upon the lower slate 
tsiderable distance about Namur and Liege in a very near Loweswnter. the middle slates near Ulswaler, the 
remarkable ran^ 0 ! carboniferous limestone, along the upper slates from Sliap to Ulverston, and the old red 
. Northern side ol the primary Blates of the Ardennes, conglomerate at the several points of Dacre, Scdburgh, 
and is prolonged Eastward to the German side of the Bnrbon, Kirby Lonsdale, and Ulverston. 
ilhine, near Dusseldorf and continued Westward (be- The South-Eastern part of this circular belt fonns 
neath a wide deposit of chalk) to the neighbourhood of part of a long range of limestone cliffs facing the West 
Boulogne. The coal deposits of Poland nrc based upon from Ingleborough to Tindal Fell, defined by one ennti- 
dnrk limestones of the same age as the carboniferous nuous line of elevation nearly 1000 yards in height. Tro- 
limestone of England, but in general the coaJ. fields of digious transverse dislocations occur at these points, that* 
the centre and South of Fiance, of Soarbrui'k, of at the Northern end ranges East and West, and causes 
Saxony, Silesia, &c. appear to be ffevoid of this roC*k ; an immense depression to the North, after which the 
but Mr. Murchison mentions its occurrence In the North*' limestones range North-East through Northumberland ; 
East of Bavaria and iu Bohemia. It abounds In North that at the Southern end ranges West South-West and 
America, accompanying coal and anthracite. East South-East, and causes an equally striking de- 

ll has been before remarked, that the carboniferous prcssioi.’ to the South, after which the limestones show 
limestone presents itself with a very different aspect mi themselves locally, and iu much disturbance, as tar South 
the Northern and Southern Counties Qf England. In as dithero/ 


Somersetshire, Gloucestershire, Shropshire, South Wales, 
North Wales, Derbyshire, and Leicestershire, this rock 
appears an immense, nearly undivided, calcareous mass, 
perfectly defined below by a hard contrast with the old 
red sandstone or greywacke slate which supports it, and 
as distinct above by the abrupt covering of sandstones 
and shales which accompany the coal. 

Very rarely indeed in the Southern Counties, as in’the 
rocky valley of the Avou at Clifton near Bristol, are ..tiy 
beds of red sandstone interpolated among the lowest 
strata of limestone ; and it is only by a few unimportant 
partings of shale that the upper portion is at all assimi- 
lated to the incumbent 'series. The toadstones which 
irregularly interlamiuute the thick limestones of Derby* 
shire are of igucous origin, and it is not, in proceeding 
Northward, till we arrive in .the valley of the llibble,. 
.that any decided alternation of mechanical deposits 
breaks into distinct groups the strata. of carboniferous 
limestone.# From this point Northward, almost in the 
ratio of distance, to the banks of the Tweed, the lime- 
stone becomes tnore and more divided by beds of sand- 
stone and shale, accompanied by ironstone, fossil plants 
eu>d coal; and tfiiis, under Ingleborough we have a 
nearly undivided calcareous mass 400 or 600 feet thick ; 
but at Aldstone Moor no less than twenty different lime- 
stones, amounting altogether to 470 feet, obscured by 
the interposition of no less than 1696 feet of sedimentary 
Strata. 


From the high Western escarpment before inrntim.cd, 
the strata sink with :i very regular inclination Eastward 
or South-Eastward, and are exposed in valleys of the 
South Tyne, Derwent, Wear, Tees, Greta, Swale, Yore, 
Kibble, Wha rife, Nid, and Aire, bordering those streams 
with some of the boldest and most picturesque ruck 
scenery in England. 

The grand natural section of Ingleborough and 
Penyganl presents us with the following series of rocks 
belonging to the. carboniferous limestone. 

l'Ytt. 

1. Group above the lime *1 Alternations of sandstone and 

atone, commonly cal* l with bad coal on Penygant 100 

led millstone grit se* j Millstone grit of Ingleborough .... (JO 

, tries J Alternations of sandstone ami »lmlc 1 00 

(Thin limestone .*8 feet 
2 Vpper belt of lime-j Shale 10 

* ,#h l-W 

3. Alternations' principally of shales and sandstones, some of 

them flagstones, with Ihin limestones 300 

4. Groat scar limestones with calcareous conglomerate beds at 

bottom 400 

This series rests on slate rocks. 
Proceeding’Northward from Ingleborough we arrive 
in Wcnslcydule or Yorcdale, and mid the 'section modi 
fled as under : 
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3. Flagstone Bystem.. . . 


>500 


Geolog}'. /Coarse ahd flee sandstones, shales, 1 

*>h- II. ' aiidCoAi.. • ». I 

w* Millstone grit series. ^ Coarse,, fine, and slaty sandstones, I-qq 
1. Above the limestone. shales, cherty beds, and goal ..»[ 
Millstone grit of Ingleborough, I 

I shales, cherts, and coal • 

fTliin litaestvne, sandstone, shale.. • 

. v set limestone J « 

Alternations of flagstones of various \ 
quality, in great abundance, with | 
shales, coal, hard gritstones, and I 
three’ or four strata of limestone,) 
from 6 to 30 feet thick. The black i 
marble of Dent is nearly at .the j 
• base of this group 



The series is incomplete, other limestones existing 
below. 

Here it will be perceived the group No. 4. has be- 
come divided into distinct parts ; and the culcureous 
portions of No. 3. arc also more defined and more im- 
portant. No. 2. has assumed that character of a decid- 
edly double belt, which henceforward distinguishes it for 
a great distance to the Northward. 

Our next station will be taken in Swaledale. 

Foot. 

Coarse giitstunes, shales, finer) 
sandstones, shales, mul coai.. (GflOx 
Variable series of thick shales,} 1 800 
with sandstones and cuai , 1 200 ) 
mid local interpolations off 
limestone and chert. ....... J 

Limestone 3 

Shale, &c G3 

Main or twelve fathom lima 7*2 

Grit, chert, shale, and ooal ... .90 

Underact lima '. .18 

Variable alternations of gritstone, 
flagstone, and plate, with three or 
four limestones from 6 to 30 foot 
thick 


252 


>340 


1. Mill- 
stone gut 
scries. 


2. Upper 
limestone < 
belt. 


3. Flag- 
stone 
system. 


'4. 

Horn , 
lime- * 
stone. 


1. Millstone grit series.. 


2. Upper ligiestone belt., 


3. flagstone system.. . . 


Scar lime stones ... ,{ exposed in the bottom "of Swale- 
dale 

Tiie groups 1 and 3 have now become more compli- 
cated, and require further division us compared with tile 
Ingleborough section, and thus we are gradually con- 
ducted to the still more developed series of Aldstone 
Moor, as described by Forster. 

Calcareous Other <lo 
beds. posit*, 
yds. ft. in, yds. ft. in. 

Alternations of sandstone,(coarsa 
and finu) and shale • . 25 1 0 

1. Felltop lime 1 1 $ ' 

Alternations of laminated and 

other sandstones, shales, iron- 
stone, and cqal. 109 2 8 

2. Limestone * 300 

Alternations, plate, Ac. with coal 16 2 0 

Limestone.... 21 0 0 

3. Parting . # . » • , ...... • 10 0 9 

4. Limestone 0 16 ' 

Sandstone and shale and coal. . 23 1 0 

5. Underset limestone., . 8 0 0 

Sandstono and shale (Nattrin 

Gill Haalc) , * 17 0 0 

6. Limestone 300 

Sandstone and shale. ft 16 

7. Limestone (5 yards). 2 16 

Sandstone and shale 10 0 0 

8. Scar limestone 10 0 (7 

Thin alternations ' }5h0 

9. Cockle-shell limestone. ........ 020 

Alternations 5 2 6 

1 10. Limestone (single post) . . 2 0 0 , 

v Al tem e fi otvi. ’’ 20 0 0 
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bi'drt. pfbltii. «, 

_ . >»K ft m. yd*, ft. in. lLm 

11. Tvns bottom limestone. 800 , 

Alternations in the upper part of 

which the 41 Whin m 11‘\ igneous) 
occurs, (20 to 10 yards thick) . . . 24 2 6 

12. Jew lime . 8 0 0 

Alternations. 8 2 6 

13. Little lime 600 

4 Alternation* 30 0 0 

14. Smiddy lime ...» 10 1 6 

Sandstone 400 

15. Limestone 8 16 

Alternations ' 706 

16. Kobinson'Otlmie 7 0 0 ’ 

Alternations 400 

17. Great limestone, Melineiby scar. .‘4100 

Alternations and coal '• 800 

18. Limestone 400 

Alternations ....... .......... . 55 00 

19. Limestone. ,2 18 

Alternations and coal 73 2 0 

20. Limestone 6 0 0 

Altera* lions, «... 78 0 0 

156 2 o' 562 0 2 

It is probable that even this section does not show ns 
the full depth Of the series. 

We have for some time been occupied in endeavours 
to ascertain exactly the line which* in the AMstonc 
section separates the groups 3 and 4 of Yorkshire, and 
the above result is very near the truth. 

Combining together the preceding statements. \vc 
haye the followings results iu total thickuess : ■ 

Group. Wen nicy- Aldstone 

. I'epygont. (tala. . Swalwlate. Moor, 

1 . * Millstone grit series 

(incomplete series) 2604* 700 . 800 409 

2. Upper limestone belt . 80 200 250 247 

3. , Alternations, or flag- 

stone system ..... 300 400 250 301 

4. Scar limestones .... . 400 250+ 120+ 119t> 

Iii the following table the relative proportions of the 
calcareous and the other deposits ure estimated : 


8* 

IVnygunt, 

Weasloydala. 

SwalNluhv 

AklFlone M*«or. 

1 

Lime* 

Other dc* 

Lime* Other do- 

Llmtv Other do- 

Lunr. t it tier do 

atone*. 

posits. 

ftltmpA. posit*. 

kUlOAN. 

posit H, 

HtOllL'S. 

poults. 

1. 

? 

260 

? 700 . 

10 

790 

4 

407 

2. 

70 

10 

100 100 

93 

157 

97 

150 

3. 

30 

270 

60 350 

40 

210 

54 

250 

4. 

400 

- 

150+ —100 

80+ 

- 40 

313 

883 


500 

549 

300+ 1250 + 

223+ 1197 + 

468 

!! 


We must remark Abat this comparison is imperfect, 
because the sections are not in each cose defined above 
or below by, the same beds; in order to obtain a fairer 
numerical comparison, we may omit altogether the beds 
above the upper limestone belt, and, on account of its 
incompleteness, the fourth group in Wcnsley Dale and 
Swaledale. , 

We shall then have the following corrected scale ; 


p-w-v^ssr 


A M*r e 

93 157 97 ISO 
40 210) 54 250 
— —J313 683 . 


Upper limestone Wtt ... . 70 10 100 100 
FlagitomWetem . 30 270 SO 350 

Bcariimsetoiies,. ...... >.400 -*• ' — — • ___ 

. W0 280 : 464 1283 

Had we» instead ofPenygant, chosen Great Wherasride 
for our section, we should have had the limestone of 
these groups about 100 feet, and the other deposits less 
than 200 feet ; . and if we had taken a section m North- 
umberland, instead of' Aldstone Moor,* the limestones 
would have been less than 200 feet, and the other de- 
posits probably nearer |000 feet. ' The principal changes, 
aa We proceed Northward, appear to happen in the 
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ower.part of the limestone group, which loses its indi- 
viduality by admitting between itg beds a constantly 
increasing quantity of mechanical admixtures, and at 
length becomes a subordinate feature in a country which 
has the characters of q, coal field. We shall now trace 
the course of the carboniferous limestone round the 
r Cumbrian mountains, and through other parts of Eng- 
land. 

The lower, or aaw* shall name it “‘scar limestone 1 ' group, 
passes Westward, from Ingleborough by Kirby Lons- 
dale, .Burton,' and Cartmell to Ulverstone and Dal* 
ton; expending Northward , to Kendal (See Smith, 
Geological County Mam.) This group every where 
possesses the almost woolly calcareous character which 
it bears in Ingleborqugh. On the South of Ulverstone, 
it is covered by the intermediate grit and plate series 
with traces of coal, and a more extensive deposit of this 
kind South of Kirby Lonsdale, yielding useful coal and 
flagstone, is again overlaid by the upper belt of limestone 
and afterwards by the millstone grit series towards Lau- 
. caster. 

Under Wild Boar Fell, on the borders of Yorkshire 
and Westmoreland, the scar limestones begin to exhibit, 
in consequence of dislocations, a double escarpment, the 
Western branch passes off by Ashfell, Orton, Shap, and 
Lowther, to the Eamont,andcontittuesby Grcystoke Park, 
Hesket, Ireby, and Cockermouth to Egremont. These 
limestones alternate in their lower parts with red sand- 
stone, by some Geologists referred to the old red, and 
diminish In thickness Westward. They are overlaid by 
deposits of the grit and shale series near Shap, Hesket, 
Newmarket, ami Bolton, but from Workington to 
Whitehaven the thick and abundaut coal seams prdbably 
belong to the ordinary cool series above the millstone 
grit There is, perhaps, unconformity here between the 
coal measures and the limestone, a case very rarely ob- 
served in England. 

Agreeably to what has been said before the scar lime- 
stones, in passing through Northumberland, become con- 
, tinually more and more subdivided by interpolations of 
sandstone, shale, and coal, till on the sea-coast North of 


too deep to be seen, and the upper belt of limestone 
appears to be extinguished ; so that this part of the 
/Western boundary of Yorkshire is occupied by a vast 
thickness of tbe millstone grit series and the flagstone 
series, without any disdoauro of the subjacent limestones, 
even in the deeply excavated valley of Todmorden. 

In Derbyshire, putting out of the question the irre- 
gular interpolations of igneous rocks, called toadstone, 

. we have the scar limestones more than 750 feet thick, 
surmounted by shale with their alternations of sand- 
stone, limestone y ironstone, &c. 500 feet, and the hills 
are crowned by bold ranges of millstone grit, and its 
accompanying sandstones, 360 feet in thickness. 

See pi. i. fig. 15. which expresses iii general terms 
the method of variation of the carboniferous limestone 
and millstone grit series of the grand Pcnine chain. 

South of Derbyshire we have no longer the same re- 
markable mass of strata interposed between the scar 
limestones and’ the proper carboniferous B&ndstones and 
shales. The limestone, wherever it occurs in North 
Wales, Shropshire, the Forest of Dean, Mendip, and 
round the coal field of South Wales, refers itself to the 
type of the scar limestones of Derbyshire, and it is only 
by a very imperfect representative in Shropshire and 
the Forest of Dean., and on the Northern border of the 
coal field of South W-ales, that the millstone grit series 
can be recognised. 

The limestone tract along the Meuse is evidently of 
the same era as the limestone of Derbyshire and Mon- 
mouthshire, and continually recalls to the delighted 
voyager the beauties of the Derwent and the Wye, .but 
the strata above it are with difficulty compared with those 
of any part of the English basins. 

Having thus compared in the most general point of 
view the component groups of tbe carboniferous lime- 
stone and millstone grit series in different localities, 
and ascertained the method of variation which it observes, 
we shall endeavour to describe some of the principal 
characters of these several groups. 

Scar Limetionei, 


Belford,,a part of this series contains no less than thir- 
teen bands of limestone, (121 feet in total thickness,) 
separated by many times their thickness of sandstone and 
shale, and tinder the whole lie workable seams of coal 
The character of the surface of all the Western and 
North-Western part of Northumberland corresponds to 
this change* of the component strata. Instead of the 
beautiful green pastures which delight our eyes amidst 
the calcareous^ dales of Derbyshire and Yorkshire, wide, 
heathy, and boggy moorlands overspread the surface of 
sandstones andfihqles, and we seem to Wander in a region 
of barren coal measures* rather than on the range of the 
thickest carboniferous limestones. This ntjwy serve to 
explain the seeming anomaly In Mr. Greenoiigh’s Map, 
where tills unquestionably carboniferous tract is repre- 
sented as distinct from any of the strata In the British 
•action. Mr. Smith Colours the whole space as a coal 
♦met, . ' ' 

jgDn the contrary, in proceeding Southward along the 
we find this lower soar bnwstooes in great force 
moot GHtherh» surmounted by a considerable mass of 
•bales with wsn&tei** corresponding. to the shale and 
grit series of Ingteborough j above these, in FendleHflt, 
; appears the diminished Upper belt of Amotion*, and, over 
wl, the millstone grit series,. !** alia occasionally yield* 
fagcoal Hence to Derbysttle ttfl. fimestphes He 


The carboniferous limestone, though by no means of General 
one uniform aspect or chemical composition, possesses, charters 
nevertheless, a certain range of mineralogical characters the rock 
which are scarcely to be recognised in any of the other 
secondary calcareous deposits. It is usually a nearly pure 
oarbon&tc of lime, of a greyish or even very blue tint, of 
considerable hardness, and imperfect conchoidal fracture. 

Some of the varieties are very dark coloured, and even 
quite black,, (Swansea, Abergavenny, Kilkenny, Derby- 
shire, Yorkshire,) but the latter commonly contain a 
minute admixture of argillaceous and bituminous matter. 

Many varieties exhale a fetid odour on being rubbed or 
bruised. In Derbyshire, and generally along the York- 
shire and Westmoreland ranges, 'the scar limestones 
contain considerable beds of a granular and even brec- 
ciated limestone capable of being employed as good 
freestone, and some layers in Derbyshire and Westmore- 
land appear almost wholly composed of crystalline grains, 
and contain magnesia. A crystalline variety in Derby- 
shire is mixed with ' red oxide of Iron. In the country 
about Burton in Kendal and Clifton, near Bristol the 
Stone is often decidedly oolitic, and even exhibits consi- 
derable variety in this respect The lower layers which 
rest upon the slate on the Craven mountains, at Kendal, 
and near Penrith, are filled with largeand small boulders 
of the slate, so as to became % seal csngfomesatc. 
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Cteolascy. Bat the most decided characters of these rocks are 
Ch.lL the organic remains* all, of which are different from 
those of the strata abbve. The prodigious abundance 
of products, sptriferae, terebratul®, and other shells* of 
lamcllated corals, andaboveall, of crinoidal remains, 
will almost always enable even the tyro to pronounce on 
the identity of the mountain limestone* Crmoidal re- 
mains, in particular* are so excessively abundant in 
certain parts as to constitute fully three-fourths of the 
mass of the rock. 

Chert beds A remarkable character is i m p a rt e d to vertical sections 
afed nodules* of this rock m the Mendip hillsr, hi several parts of Der- 
byshire, and the neighbourhood of Clitheto, by nodules 
of chert imbedded in the limestone, often at regular 
• distances, like the flints in chalk. A very striking sec- 
tion of this kind is seen in VaHus Bottom* near Wells. 

' This chert is usually of a dark grey, or even black 
colour, but occasionally it is white, and in general 
its colour corresponds to that of the limestone beds 
which contain it. It rarely contains any organic nucleus, 
and thus differa from a large proportion of the flint 
nodules in chalk, with which, in the manner of its pro- 
duction, and in its relations to the calcareous rocks, it 
seems otherwise very analogous. The cberty layers in 
green sand and coralline oolite are also analogous in- 
stances, and we have hereafter to notice a similar cha- 
racter in a certain portion of the magnesian limestone. 
Proceeding Northward, as the limestones are divided, 
these chert nodules are less plentiful, though in Cover- 
dale, in Yorkshire, they abound, and at Glenwhelt, on 
the Homan wall, shells of the* genus Bellerophon have 
been detected in a very dark chert imbedded in the lime- 
stone there. 

Chert beds. The curious circumstance of conversion, as the miners 
say, or rather substitution of beds of chert for beds of 
limestone, generally at the top of the rock, is noticed in 
most parts of the limestone tract in England and Wales; 
and very often it happens, as in Westmoreland, that the 
corals are converted to silicious matter iii the midst of a 
block of limestone. It is probable that the substance 
resembling rottenstonc of Dentdale, 8 waled ale, and 
Aklstone Moor, may be occasioned by decomposition of 
this chert, but Mr.Farey thinks the roltenstone of Derby- 
shire is owing to a decomposition s)r change of the shale 
limestone near the surface. A specimen collected by the 
author at Aldstone Moor In 1820, which as to substance 
is a kind of rottenstone, is evidently decomposed chert, 
arid contains several fossils of the limestone series, es- 
pecially a very small species of trilobjtes* Similar facts 
are common in the Yorkshire dales. 

Bitumen in solid masses lies very frequently in the 
beds of the scar limestone* and enters the cavities of 
products* orthocerata, &c. ; m at Castleton, and near 
Clithero. In a liquid 0$ well as solid-state it will be 
noticed under the. pent division of the carboniferous strata. 
Physical 1 The surface of the Country which is occupied by this 
geography, rock in England is remarkably characteristic. Having 
been exposed to many repeated convulsions, if is thrown 
up to considerable altitudes* and placed in a great va- 
riety of positions favourable for the exhibition of the 
changes wrought on it by the atmosphere and streams. It 
is principally to tUe hordam and comparative durability 
of this rack, conjoined with its gtratbjcatlon and extensive 
system of joints* that wo owe. the grand ranges of vertical 
escarpments* which begird drift a perpetual fortifi- 
cation the sides of the d a te s bf Yorkshire and Derby- 
shire. _ Often* indeed* the wasting effect of the ele- 
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merits is sufficient tc excavate vertical rents and to OeoUMra. 
insulate the great prisms of the rock which, esjieciany ch *“* 
in Dovedale and other parts of Derbyshire, give the most 
romantic features to the valleys* while the same effects 
upon the high scars, in Yorkshire and Westmoreland 
show like towers and bastions projecting from the wall 
of rocks or among the green herbage which has spread 
around them. 

Frequently upon broad surfaces of limestone, especially 
where it alternates with shale, we find ourselves suddenly 
stopped by a deep vertical pit In, the racks, worked by 
Borne little rill, or even by tbs mere gathering of rains* 
an effect more frequently observed in the course of 
streams, which* like the Colder in Cumberland, traverse 
the ranges of this rock. These ** swallow holes/’ as they Swallow 
are justly called, often serve to mark, oat uninterruptedly holts, 
for miles the lines of limestones, tebose actual edges. may 
be obscured by the sliding of other matter over them. 

These swallow holes 'sometimes communicate down- 
wards with internal caverns, which are nowhere so 
abundant as in the lower or scar limestones. It is to * 
them we must refer the numerous caverns of Mendip 
hills, in Somersetshire* the rocks of Clifton, the forest ' 
of Dean, the celebrated caserns of Staffordshire and 
Derbyshire, and those beneath Ingleborough and Peny*- 
gant,<in Yorkshire. Further North, along the Penine 
chain, where these limestones grow thinner, the caverns 
become less numerous, and in the same proportion the 
phenomenon of underground streams is rarely observed. 

This remarkable phenomenon is evidently dependent on 
the thickness, as well as on the open Joints ami absorbent 
surface of the rock, and examples of the same kind oc- 
cur in various other thick calcareous strata of England, 
as the oolites and ehalk, as well as in the Jura limestone 
or oolite of Germany and France. It is to the sume 
causes that we must ascribe the extraordinary strength 
of the springs which issue as dear a9 crystal from the 
openings of this rock : but, being highly charged with 
carbonate of lime, soon deposit along their channel 
abundance of tufa. The herbage upon this limestone in 
usually short, elastic, and nutritious, and of a lovely ■ 
green, which contrasts strongly with the bluish aspect 
of the moist surfaces of the shales, and the brown tints 
of the heathy inoorlauds of millstone grit. 

Flagstone Series. 

The shale and grit, or flagstone series above the scar I » Derby- 
limestones, is cal led Ju Derbyshire the limestone shale. *hirc. 

It is about ,500 feet thick,, and consists principally of 
black or brawn rather durable shale, forming a very wet 
soil* and causing tend slips of great extent beueath the 
millstone grit jiwmits. Mate Tor, the 11 Shivering 
Mountain, near Castleton, exhibits these characters 
very decidedly. The shale, however, is in terst ratified 
to a great extent, and with a considerable regularity, with 
thick rpeks of fine-grained micaceous, gritstone, of excel- 
lent quality for building, and, as tee have observed, 
generally of the bottom of this rock, wHh good durable 
, micaceous flagstone* very similar to that in the more 
recent coal strata. Some teas regular sandstone beds, 
called w Cankatooe,” approach very ueorly to the nature 
of the g&nisief or milliard rocks of the coal strata. Mr. 

Farey, Who considers these interpolations as anomalies , 
calls by the some name the very characteristic beds of 
llrf&cfc eegHlaeeous limwtpn. which lie in ibis shfcl®, at 
Ashfor d, one BakeweJl, and near Aahborne, and pro- 
duce Him fit for water cetneat The frequent cantor* 
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, lions of the limestone and shale ere noticed by Mr. 
Farey as very remarkable. Ironstone balls lie in 
bands in this shale, a few impression* of fowl plants 
have been collected, and very* Ain coal seams observed, 
not worth the expense of the fruitless trials in search of 
them. Liquid bitumen, is mentioned at several points 
in connection with the limestones in this shale. * . 

This description of the Derbyshire limestone shale 
would apply with scarcely a varying sentence to the 
broad argillaceous strata which cover the thick lime** 
stones of Craven. The same Abundance of shale, 
occasional interpolations of sandstone, ironstone, and 
laminated beds of dark limestone, the same traces of 
fcoal and liquid bitumen, tbs same contortions, may be 
traced in Craven and in Wharfd&Ie. More divided by 
sandstones and limestones, the same shale is recognised 
in Pendle Hill, Ingleborough, and Peftygant. The 
locality most remarkable for the abundance of liquid 
bitumen is at Flasby in Craven, where Mr Preston has 
excavated a considerable quantity of the black* argilla- 
ceous limestone, and found it associated with abundance 
of nautilus sphericus besides large orthocerata and 
the curious fossil formerly supposed to be a pleuro- 
branchus. The nautili are generally inverted or 
have their cavities filled wilh liquid bitumen, and small 
solid lumps of the same substance are likewise met^with. 
This, amongst others, Is one strong reason for believing 
that the darkness of colour of these limestones and 
shales is due to the admixture of carbonaceous matter. 

By a recent communication of Sir Philip Egerton and 
Lord Cole to the Geological Society, we have learned 
that the lower coal shale, as it has been termed in the 
Western Irish coal fields, is precisely analogous not only 
in mineralogfcal characters, and in its geological position ' 
between the mountain limestone and the true coal mea- 
sures, but also in its organic remains, to the “ lime-; 
stone shale 9 ' of Derbyshire and Craven. The same 
ammonites, the same posidoniee, (Bronn,) and other 
characteristic fossils occur in these far separated districts ; 
and in general, so strict is the accordance in all respects, 
that no Geologist accustomed to the strata of the North 
of England, could fail to recognise in the mountains 
above Enniskillen an exact analogy with Ingleborough 
and Great Whernstde. ^ . - . 

. In the further continuation Northward of this series of 
shales, sandstones, and limestones, the limestones, as before 
observed* thicken, the alternations of sandstone and 
sh&le therefore become more frequent and divided, coal 
seams intervene, andthe whole assumes the character of a 
complicated coal and limestone deposit. It is possible, 
in tracing the different . limestones , enumerated in this 
^series, to assign characters of loe&l permanence. Thus 
the beds most remarkably storied with crinoidal reli- ■ 
quite, , are those of the 41 main lime/* in Pepdle Hill, 
Ingleborough, Cam Fell, &c. ; the black limestone of 
Whalfey, Kirby Lonsdale, and Dent, is klmpst wholly 
, deprived of them, like the same beds in Derby shire;' 
product® abound on the top of ihe math lime, caryo* 
phylli* ere often plentiful in the beds below it; and one 
thin bed oflimestone, at AldsUme Moor, receives, in con- 
sequence of the natuyo of its organic content*; th e name 
of Cockleshell Dime. Chert lies frequently on the top 
of the main lime, send underset or four fathom time beneath 
it, as well as on the top of the little lime or crow lime 
above it. Slaty sandstone yielding flagstone occurs 
both in the alternations under the raainJhne,.&nd in 
• those still jower between the underset send scar lime- 


stones. In one or other of these places in the section, 
fhgstonesare dug in Swaledale and Yoredale, -in Gray- Ch * 
garth fell, near Kirby Lonsdale, and Garstang, and it 
is probable that the flagstones of the North of Derby- 
shire belong to the same, epoch. In some of the very 
hard sandstones Vhich occur In this series in Swale- 
dale, (like the cankstone of Derbyshire,) stigmatise and 
other fossil plants occur, but in general the coal seams 
are not accompanied by many vegetable* remains, o 

A kind of rotten&tone, as* before mentioned, occurs 
in this series in Dentdale and <*t Aldstone Moor, and 
probably in mauy Other places is produced from" the 
decomposition of the chert. 

The shales of this tract are usually dark, close, and 
fissile, and traversed hy immensely long straight joints 
ranging North by West, and South by East,' East 
North-East and West South-West, dividing the rock into 
rhomboidal prisms. They often contain nodules of 
ironstone. A very remarkably indurated flinty shale, 
fit for use on the roads, which occurs in Swaledale and 
Yoredale above the main limestone, is called “Black 
beds”. 

The sandstones vary as to fineness of grain, and some 
of them in their progress through Northumberland 
assume such a coarseness of aspect, as to be in fact 
undistinguisliable from the ,4 millstone grit” of the next 
group. 

' The marine fossil remains ore almost wholly confined 
to the limestones and the cherts which sometimes re- 
place them, but the few vegetable remains belong wholly 
to the sandstones and to the coal. « 

In the Midlothian coal field in the Counties of Edin- CoalfieMof 
burgh. Haddington, and Peebles, Mr. Farey sen., in Midlothian 
1816, ascertained 337 principal alternations of strata 
between the surface in the town of Fisher Row on the 
banks of the Frith of Forth, (where the highest of these 
strata occur,) the commencement of the basaltic rocks 
forming the general floor and border of this important 
coal field. These strata lie internally in the form of a 
lengthened basin or trough, and consist of sandstone, 
shale, coal, limestone, ironstone, Ac. 66 seams of coal, 
counting the double seams as one ; 7 Jimestones ; 72 . 
assemblages of stone and other sinkings ; in all 5000 
feet in thickness. 

Upper Limestone Belt. 

The only additional remarks which we shall make on 
this portion of the strata refer to the remarkable varia- 
tion of character, by which the limeBtone in several 
places Is gradually changed to or suddenly replaced by 
chert. Thus in Swaledale the united thickness of the 
underset chert and underset ■. lime {the former being 
uppermost) is nearly constant, but the thickness of each 
is extremely variable.’ , In like •manner inWharfdale, 
about Kettlewell, the underset 1 lime just before it ex- 
pires entirely under Great W her aside, is represented 
only by hard chert, and the main lime of the same district 
before it thins cAt and OSes way becomes remarkably 
cherty, both by the change of whole beds and the intro- 
duction of chert nodules. There appears some reason 
to attribute 1 Ais effect, in one case, to the operation of a 
VkiUi while in others it may, perhaps, be properly .viewed 
as indicating merely the suppression of the calcareous 
dipptft independently of the siHdqu*„y It must be 
owned, however, ihtit the notidn miners, and that 
first suggested to the Geologist, ;*gred In assigning the 
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effect in some instances, even independent of dykes or therefore employed in certain parts of the iron fur 
veins, to a Teal, chemical conversion of the nature of naces. 
the rock since its deposition. - . 

^ i' v, ■ ‘ The Coal Formation (on Coal Measures) 


Millstone Grit Series* consists of alternating strata of sandstone, shale, and . 

. , - ' "<• v • . coil, with courses of nodular ironstone, layers of bi- 

The difference . of composition betweeh the course valve shells, and, in a certain part, argillo-calctreous 
sandstones which abound in this part, of the series, and balls and, nodules generally enclosing ammonites pec- 
those of finer grain which alternate with Ilia limestones tens, &c^, * ■ , 

,belo# and the cfrals above, 1 is "rather apparent than None of these strata differ individually in any essen- 
essential That ail these sandstones are composed of tial points from the analogous deposits in the millstone 
the broken and triturated ingredients of older crystal- grit, or limestone series .beneath ; their characteristic 
line, generally granitic compounds, is evident upon in- features are derived from their combination. It is, 
spection.. Their most abundant ingredient, sarul, is indeed, generally true, that the sdnd&tones of the coal 
plainly itrthe state of minute pebbles, and the size of measures are softer and more argillaceous than those of 
these grains is sometimes sq very small, that their the Series below, tliat the coal shales are less indurated 
coherent mass* assumes almost a crystalline aspect, us, and less fissile than the “ plates” of the limestone group, 
for example, in the Calliard stones. On the other hand, and the coal generally of better quality. But it is by 
in millstone grit they arc of all sizes under uu egg, « the greater abundance of the coal seams, and by the 
though pieces of greater size than this are sometimes absence of limestone beds that the upper part of the cur- 
seen. These are evidently quartz pebbles of different boniferous system is to be distinguished from the lower, 
kinds, corresponding to the quartz of veins and of gra- . It is, therefore, perfectly conceivable, that cases may 
rrites. Hose quartz also has been observed. The next occur when the lower or calcareo-carboiiiferous group 
abundant ingredient is felspar, which is probably pre- may, by the attenuation of its limestones and the thicken- 
sent in all these sandstones. In the millstone grit, this ingof its coals, beoome 'so similar to the upper group or' 
mineral occurs in rounded pebbles whose internal struc- true coal measures, that their relati ve ages can be only 
ture uperfectly crystalline, like the large rhomboidalcrys- determined by collateral evidence. This extreme case 
tals in the porphyritic granites. Hence we learn clearly has, indeed, hardly yet been observed in any of the 
the history of suejr a saudstons deposit. The materials known coul districts of tjic New or Qld World, but the 
were derived from crystallized rocks, and were subse- approaches to it in Northumberland and Scotland are 
quently more or less rolled about and deposited in water, sufficient to show that the coal measures have no other 




Mica, the third ingredient of granitic rocks, is less abaci- real difference from the lower parts of the carboniferous^ 
dant in millstone grit, except in certain layers where it system, than the total absence of the oceanic deposit 
is occasionally very plentiful It is usually of a pale of limestone. In many coal fields the reason of thie 
silvery colour and is in very thin fragmentary scales, difference is easily determined by the abundance of 
The decomposition of the felspar leaves a white, soft, fresh-water nhetl$ % beds of shale, and of ironstone, alter- 
unctuous substance, analogous to the kaolin of decotn- nating with the coal ’ 

posed granite, and this forms a feeble cement, for the We have seen ‘with what Certainty the range of the 
grains of sand and mica. Occasionally in millstone mountain limestone, can be followed through Great 
grit, as in the other sandstones of the carboniferous Britain, and its detached portions referred to their true 
system, we find oxidulous iron, and some other mineral place in the series of its beds, and thus Geological pa* 
substances not easily recognised, and in Lancashire, rallels be established between the Mendip Hills, Derby- * 
frequently, fragments of shale, coal, "Ac. Everything, shire, Yorkshire, and Northumberland. The coal mea-. 
therefore, concurs to prove the mechanical watery origin suresof Great Britain cover quite as large a surface* 
of millstone grit, and by consequence of all the other and are, perhaps, quite as well identified in mass ; but 
sandstones associated with it, the differences between the details of the several coal fields are too discordant, 
them being only of degree. In the same manner nearly to permit many of these parallels to be drawn,- without 
a gradual series of .changes assimilates sandstone and which the method qf variation by which one such cpal . ; 
shale, and it is "sufficiently proved that the only really field becomes different from another cannot be dettr- 
chemical aqueous ' deposit of this whole system Is the - mined. ' This is so entirely well Juiown, that often Jn> 
limestone. the same coalfield the differences are so considerable as 

The millstone gritof the Southern coal fields is usually fo render it difficult to identify the beds of the two ex- . 
a much harder and more compact abd cherty rock than tremes. It must be owned, however, thatjhis -is partly 
the coarse pebbly strata which bear this name ' in the owing to the confusion of hofhenclatufe amongst the 
North of England. Finally, we must repeat the remark workmen, ! bough principally to the .sudden change* of 
previously made that this series is limited in extent, not chemical qaulity to which the coal seams are .liable, 
being of much importance or really characteristic of a The extent of the coal fields* of; England and Wales 
certain period except between the Trent -and the Tyne x may be seen 'upon' Mr/ Smith's and Mr* Greenough’s 
Through the 4 * remainder of Northumberland it is less Geological Maps; those of Scotland also are sketched 
remarkable than several other equally coarse grit rocks, upon Mr.. Smith's Map; Mr.: Griffith’s Surveys and 
called crag grits in Mr. Smith’s Map of Northumber*- Mr. Weaver’s observatkms ftave contributed much infor- 
land, which lie in theftmeslone series considerably below linettoq on the coal measures of Ireland* and many , 
the upper Umefitonebell Excellent building stone is Valuable notices in the Annates des Mines, Annates des 
furnished by this rock 1n ? Yorkshire, Lancashire; and Scttnm Naturdte s, &»., make us acquainted with the 
Derbyshire,* and -by Its * represebtiilve, the * Farewell sattte series in France, For the Netherlands the same 
Rock” of De*n Fo ^^ gddlh Wales, wfuch have Journals and the Memoirs of QinaHus d Halloy, end tat 
the valuable property of Aehdii|rf great ; are . th p Germah and Transylvanian coal fields the works of 
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olojry. Yilfofos«e, Fr/tsdeben, Huffman, Sternberg, and others 
( h. II. Jna y consulted. Mr. Conybeare has given a general 
view of these foreign coal tracts in the Geology of Eng- 
land and Wales. 

English We shall consider the characters of the principal 
coal fields. English coal fields in the following order : 

1. The great Northern coal fields of Northumber- 
land and Durham, Yorkshire and Derbyshire, aud their 
appendages. 

2. The South-Western coat fields of South Wales, 
Dean Forest, Somersetshire, ami Kingswood. 

3. The coal fields of North Wales aud Shropshire. 

4. The central English coal fields. 

That the great Northern coal fields of Northumber- 
land and Durham, and of Yorkshire and Derbyshire, 
were formed under very similar circumstances, and, if 
never connected towards the borders, were united in the 
deeper parts of the deposit, will appear from the follow- 
ing comparisons. The Northern and Southern portion 
of this great tract, though now separated sixty miles, 
a<rree in being formed within a belt of coarse pebbly 
sandstones (millstone grit) associated with thin coals, 
which overlay the mountain limestone, and in being 
covered nnconformedly by the magnesiun limestone. 
Coals of like quality are worked in these coal fields in 
the same parts of the series, bituminous coals of excel- 
lent tpiality in the lower part, quick-burning coals in the 
upper part. Ironstone courses are most plentiful in the 
middle and lower part, where also lie live “ muscle 
bands/' of which regular layers have been some time 
known in the coal field of Yorkshire, and are not with- 
out representation in that of Newcastle. This latter ana- 
logy is very remarkable, and the occurrence of these 
muscle hands is almost a peculiar character of the great 
Northern coal fields. 

A comparison of the details of these coal fields would 
afFord an excellent test of the points of analogy, and 
the extent, of variation, which may be expected to oc- 
cur in neighbouring carboniferous deposits. 

The broadest part of the whole tract is between 
Halifax and Ferrybridge, or rather Went Bridge, in 
Yorkshire, where the dip is moderate and regularly to 
the South-East, the stratification not subject to more 
than usual disturbance, and the greater part of the coal 
seams worked to supply the wide-spreading industry of 
the West Riding. The whole coal system of the Country' 
is Urns unfolded, all its products are employed, and the 
ranges of most of the beds perfectly known. In addition 
it happens fortunately, that not only the millstone grit is 
remarkably distinct, and the series immediately above it, 
the lowest part of “ the coal field," unusually developed, 
and rich in organic remains, both animal and vegetable, 
but the uppermost part of the system beneath the mag- 
nesian limestone is also fully exhibited. Tins is there- 
fore on all accounts the most complete coal field in the 
* Island, and the fittest to serve as a type of comparison 
for the others. 

Yorkshire The following mode of classification of the Yorkshire 
coul fiuld. coal seams will be found very natural and convenient, 
for the several groups of coals here assumed have cer- 
tain collective characters derived from tills combination, 
and occupy distinguishable ranges of mostly argilla- 
ceous country between lines of sandstone hills. 

Magnesian limestone unconformedly covers the coal 
seams. 

{ Shales and Badswovtli coal. 

A ek worth mck. 

Wragby and Sharleston coals. 


Red rock of Woolley, Hoolon — Roberts, &c. 

| F c “ r ^ C ® | Barnsley thick coal. 


Middle coals 


Intermediate f Hock of Ilorbury. 
coals. (Middle coals. 

Ironstone f Silkslone beds, 
coals. ( Low Mow and Flockton coals. 


Flagstone rock of Woodhouse, Bradford, Elland, Pe- 
niston, &c. 

f Shales and canister stone. 

| Coals. 


Lover coals. 


.(Shales and ganister stone* 
Coal. 

(ShaleB, &c. 
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Millstone grit lies below the '* coal. series/* 

The lowest portion of the Yorkshire coal strata rest- Lower or 
ing upon the millstone grit produces comparatively but gauistcr 
a small [quantity of coal, and this not in general of a coal series, 
good ^quality. But no part of the coal field is more 
curious in its Geological relations, or more worthy of 
close study by .those who Uesire to penetrate into the 
history of the production of coal. * We may define this 
lowest coal series very [simply by saying, that it is in- 
cluded between the millstone grit beneath and the flag- 
stone rock above, iiaving a thickness of about 120 or 
150 yards, and enclosing near the bottom two thin seams 
of coal, one or both of them workable, and several oilier 
layers scattered through its mass too thin to be worth 
working. 

The most regular and continuous of all these coal 
scams, reaches in a lew places the thickness of 27 or 30 
inches, but is generally only about 16 inches, and is 
worked at Yeadou, Hawdon, and Horsforth, near Leeds ; 
at Baildon aud Heaton, near Bradford ; at Catharine 
Slack and Swan Bunks, near Halifax ; at Bull Houses, 
near Penislone ; and at[ several points West of Sheffield- 
It would have lieen impossible , to have traced so thin 
a seam of coal along so extensive a range without 
some peculiar facilities, some points of reference more dis- 
tinct than the varying quality of the coal, and the still 
mow/ irregular fluctuations of the sandstones and shales. 

This c oa] seiun is covered by a 14 roof* unlike that <fcf any 
other coal bed above the mountain limestone in h the 
British Islands; for instead of containing only the re- 
mains of plants or fresh-water shells, it is ^filled with a 
considerable diversity of marine shell* belonging to the 
gcuern pecteji and ammonites t and in one locality speci- 
mens of orl/iocera *. Poudonia and scaly fishes have been 
obtained from certain nodular concretions, called “baum 
pots/' lying in it. The uniform occurrence of these pec- 
tens and ammonites, through so wide a range, over one 
particular thin bed of coal, and in no other part of the 
coal strata, is one of the most curious phenomena yet 
observed concerning the distribution* of organic remains, 
and will undoubtedly be found of the highest importance 
in all inferences "concerning ,the circumstances which 
attended the production of coal* 

In this part of the coal system we may observe, be- 
sides the very remarkable layer of marine shells, several 
occurrences of a peculiarly hand sdicious sandstone, ‘called 
gftlliard,, ganister, seatstone, &c., which, in fact, i» the 
same thing as the crowstone of the mountain limestone 
series in Swaledale. This stone in some cases forms 
.the floor or sill of the coal, a circumstance never ob- 
served in the upper coal strata, amongst which, indeed, 
galliard never occurs in its true diameter. Hence this 
whole group of strata may be appropriately termed the 
ganister coal series. 
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The ammonites and peetens which lie ak>\e one of 
the seams of coal, and still more the orthocerata which 
' sometimes accompany them, are remarkably analogous 
and perhaps in part identical with fossils of the moun- 
tain limestone. The galliard is likewise to be compared 
with similar stones in the mountain limestone series, 
and therefore the ganister coal scries might be with 
much propriety associated with the upper mountain lime- 
stone scries of the Penine chain* or with the millstone 
grit scries of Derbyshire, and thus the flagstone would 
appear to be the lower limit of the true coal measures. 
But an examination of the neighbourhood of Halifax 
has shown another order of phenomena . and another 
net of shells, which connect this same series with the 
upper or true coal measures. In the upper coal series 
of Northumberland, Derbyshire, and Yorkshire* are 
several layers of bivalve shells, commonly referred to the 
genus unio, from which the fresh-water origin of these 
coal deposits has been inferred. In the midst of this 
series of ganister coals two layers of these shells occur, 
one of them about the middle of the scries, considerably 
above the pecten coal, the other near the bottom, and 
considerably below that coal . 

No shells of this kind have ever been met with in 
the mountain limestone group which (here hs every 
reason to cousidcr as of decidedly marine origin ; not 
one of all the zoophytic, testaceous, or crustaceous re- 
liquiae of this limestone has ever been fouud in the upper 
coal series. This opposition of zoological characters 
would appear to be fully explained if the coal deposits 
were admitted to have been accumulated in. fresh water. 
And this opinion is perhaps generally adopted* 

Wc find then in the lowest coal series, which is placed 
on the line of transition between the marine and fresb- 
water deposits, zoological and mineralogical characters 
common to both. Examined in detail we find these 
characters not mixed, but alternating in such a manner 
as if there had been one periodical return of the marine 
clement into its ancient receptacle, ailer that had been 
for some time occupied by fresh water and its few in- 
habitants. The effects of this irruption having as it 
were worn out, the zoological characters of fresh-water 
deposits are again manifested at intervals, in the upper 
system of coal beds, till this series is finally ended, 
and marine exuviro reappear in the magnesian lime- 
stone. 

If, from whatever cause, we could witness the effects 
of a general irruption of sea- water into a modern lake 
of great extent and considerable depth, it is probable 
that the resulting phenomenon would be perfectly analo- 
gous in kind to those described above. But this irrup- 
tion of the ancient ocean into the coal basin of York- 
shire, was probably not produced by any violent convul- 
sion in that basin , (for there is no unconformity between 
the supposed fresh-water and supposed marine deposits,) 
but by some disturbing causes originating at a distance. 
As the elevation of the Western Alps has probably oc- 
casioned the dispersion of boulders in Dauphind and 
IVovence, and the uplifting of the Scandinavian Alps 
has been followed by diluvial currents in Germany with- 
out much affecting the position of the strata in those 
Countries, so may the Yorkshire coal district have felt 
the transient shock of earn* distant convulsion. The 
periodical revolution in the nature of the waters which 
operated the deposition of the lowest coal strata in York- 
shire* bear* so remarkabJe an analogy to some of the 
phenomena of the marino-lecasietne tertiary deposits. 


that the 5-ame principles \v ill prubablv serve as abatis fur Geology, 
the exploitation of both cases. Gli. li. 

Ill both cases we have .1 decidedly marine deporit 
below, and a decidedly freshen' at cr deposit y hove ; the in- 
termediate ground is not exactly neutral, hut sometimes 
shows gradations from one to the other, and sometimes 
periodical alternations, accompanied however by so entire 
a parallelism of strata, llmt in seeking for the cause of 
these changes we are compelled to have recourse to 
agency at a distance, to the blocking up of the outlet of 
an estuary, or to irruptions of the sea, arising from sub- 
terranean disturbances in a different quarter. 

The lower coal series of Yorkshire Is terminated above 
by a thick deposit of sandstone, which is never so 
coarse as the millstone grit, and generally appears to 
be more argillaceous. Its degree of consolidation 
varies according to localities and circumstances of drain- 
age, but there is hardly a single ] joint in its whole range, 
frmn the vicinity of Leeds to beyond Sheffield, where 
the title of flagstone rock is not eminently applicable to 
It. Along this whole range, by the valley of the Aire 
to Bradford, over, the hills to Halifax and Elhuid on the 
Caldcr, and by Huddersfield and Pcniston to Sheffield, FUgatonu 
it is tlie grand repository from which the immense tie - rock * 
inand for Yorkshire flagstone, both within the County 
and for all tlie Eastern and Southern coasts, is supplied. 

In particular situations, especially near the surface, it is 
often so thinly laminated as to produce good roofing 
slate, while the deeper parts of the quarries produce 
capital building stone. This diversity of qualities is 
consistent with great simplicity in struct ure. ft is a 
finely laminated stone, having its beds in general very 
parallel, and thus^accordiug as the whole mass of a bed 
1 $ employed, or as it is split into portions or resolved 
Into its component plates by the actiou of natural 
pauses, wallstone, flagstone, and slate result. The 
micaceous surfaces of every common flagstone imme- 
diately disclose to us the cause of its natural partings ; 
and further examination shows the whole thickness to 
be divided by other layers of mica into a number of 
parallel plates, which sometimes separate by the mere 
influence of the air, but generally, after being once dried, 
cohere together with considerable force. In this case it 
is difficult to say what technical use should be made of 
the terfti strata , which may with equal verbal accu- 
racy he applied to the micaceous lamina;, or the plates 
of slate or flagstone to the beds of the rock singly, or 
the whole united mass of sandstone layers. In Mr. 

Smith’s nomenclature the whole flagstone rock is one 
stratum. However this may be determined, there can 
be no doubt that even the least and thinnest of the 
micaceous layers owes its origin to a particular opera- 
tion of water, and required tlie intervention of a certain 
interval of time, to permit the separation of the grains 
of sand and the scales of mica. 

It has been said above that the micaceous laminar, 
plates of flagstone and beds of the rock, were all parallel. 

This is usually and very exactly the case, but in certain 
places while the beds and flagstones, which are only 
lesser beds % are parallel to one another, the micaceous 
layers which make up the mass of the beds, fbnu con- 
siderable angles with the nlaue of their surfaces. 

Thus in plate i. fig. 2 the upper part of the diagram 
shows aU the partings parallel ; and ibis is the ordi- 
nary case of the flagstone rock, but in the lower part of 
the diagram the micaceous lamina are inclined to the 
other surfaces of parting. 
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Such tfagstom s have ‘generally a rough or ragged 
surface, aiul arc in m il liable to scale off in irregular 
11 shells*' which disfigure the beauty of the stone. 
This oblique lamination of the mica strongly reminds 
us oi the ,l false bedding” of millstone grit, and of the 
shelly beds of oolite, which probably were formed in 
slightly agitated water. 

The surface of the rougher flagstone beds is also 
liable to other peculiarities, as waves or undulations, 
like the ripple marks on a sandy shore, little hard knobs 
on one face corresponding to depressions on another, 
aud sometimes a vermicular marking, which more than 
any thing else resembles the arrangement which semi- 
fluid matter assumes on smooth surfaces of stone, when 
these, after having been laid together, aTe forcibly pulled 
asunder. 

*Thc micaceous layers are not unfrequently coloured 
with a mixture of car bonaceous particles. 

Vegetable remains lie in this rock in many places, 
and in .considerable plenty. Equisetaceous plants in 
particular are abundant in it about Leeds, accompanied 
by trihedral fruits. Lepidodendra, sigilluria, &c. occur 
in it less plentifully. 

iu general, what is said of the accidents of structure 
of the flagstone rock of the Yorkshire coal fields applies 
to the laminated sandstone rocks of the mountain lime- 
stone, aud even to the analogous but more recent layers 
in the oolitic coal system on the coast of Yorkshire. 

1 This is the most valuable part of the Yorkshire coal 
Add, and includes as many as ten workable seams of 
coal, of various quality, with several layers of ironstone 
bands, one of them full of fresh-water slid Is. The 
flagstone rocks define the series bdc*v, and the coarse, 
often iron-stained sandstones of Newmiller Dam, Woolley 
Edge, aud Rawmarsh form its upper boundary. 

It may be convenient to divide this great group into 
three portions, thus : — 

Red rock of Woolley Edjge. 

Furnace coals of Barnsley, &c., including the 
eight or ten feet seam. 

Rock of Ilorbury aud Wentworth IXouso. 

'.Swift-burmug coals ‘of Middleton, Dewsbury, 
&c., with bands of “ muscles.” 

lro no c s . Bituminous coals of Silkstone, Low Moor, and 
Flocktoti. 

Flagstone rocks beneath. * 

1 Upon the coarse rocks of Woolley Edge lies the 
upper series of coal measures in Yorkshire, which 
exhibits alternations of sandstones and shales very much 
like those of the middle and lower groups, but without 
the layers of muscles, and generally without the pre- 


clmraclers, however important locally, are too variable GeoWy. 
to guide Us across even the whole extent of a single Ch. II. 
coal basin, and vanish altogether upon distant points. 

We must, therefore, restrict ourselves to the most 
general divisions of the carboniferous series, and com- 
pare the coal fields with reference to the strata which 
separate the coal from the mountain limestone beneath, 
the occurrence of bands of ironstone and muscle-shells, 
the nature of the rocks and shales, and the distribution 
of organic remains. 

The characters of the Yorkshire coal fields are recog- The great 
nised in their continuation Southwardlhrough Derbyshire Northern 
and Nottinghamshire. The same ranges of millstone coa l fi«kU. 
grit and shales lie beneath* similar rocks of hard ganister - 
lie in the lower part, with a similar belt of useful flag- 
stone. The lower part of the series contains the most 
bituminous coals, and the most abundant course of iron- 
stone, some of which contain fresh-water shells, and the 
upper parts yield similar swift-burning thick coals. 

The Lancashire and Cheshire coal fields arc certainly 
portions of this great Northern system, separated in 
consequence of the subsequent uplifting of the moun- 
tain range of the Peninc Alps. The same ganister and 
flagstone occurs near Stayley Bridge, resting in the 
same order of succession upon the same millstone grits, 
uud though the oroken condition of the coal fields on 
the West of the summit ridge scarcely allows of the 
same accurate delineation of the courses of the coal 
beds, enough is already known to justify the reunion 
of the coal-deposits on both sides of the Pciline Alps. 

Notwithstanding the great interval in the superficial 
range of the coal strata between Aberford and Cock- 
field Fell, the series in the Durham ami Newcastle 
coal fields is very analogous to that of Yorkshire. , 

But hitherto, no layer of marine shells lias been no- 
ticed in the lower part of the Newcastle coal fields, and, 
therefore, the inference of alternate inundations of the 
sea and fresh wuter cannot be applied to this coal field, 
though the general conclusion of marine deposits below, 
and freshwater deposits above, remains unimpaired. 

Fresh -water shells, accompanied by nodular iron- 
stones, and numerous reliquiae of equisetiforui and fili- 
coid plants occur without limestone beds in the coal 
fields of Clackmannanshire, Falkirk, and St. Andrew’s, 
but most of the Scotch coalfields, like that of the North 
and West of Northumberland, are formed by a de- 
velopement of the carboniferous limestone group of 
Yorkshire and Durham, and contain marine shells. 

The immense coal basin of South Wales (which is. Great 
in fact, as Mr. Conybeare has shown, dixided into two South 


sencc of productive ironstone bands. The reliquim of parallel basins by a longitudinal axis of elevaltbn,) l\ a ! cs coal 


plants are' more rare in these strata, and the coal is 
of inferior quality, more earthy and less bituminous. 
Two considerable seams of coal near the bottom, worked 
at Wragby, Sharleston, &c., and one or two thinner 
seams nearer the top of this series, appear to be the 
last of the formation, and are unconforinably covered, 
as aTe all the others in their turn, by the magnesian 
limestone, against which deposit the line of separation 
is hard and distinct 


presents so many features in common with the detached 
coal tracts of Dean Forest, Kingswood, and the valleys 
of Somersetshire, that for our present purpose we may 
conveniently group them together. 

The total thickness of the coal strata is very great, 
for in the deepest part of the basin near Neath, the 
lowest strata of coal are nearly 700 fathoms below the 
outcrop of some of the superior strata in the more hilly 
parts of this district. There are (according to Mr. 


Compari- 
sons with 
othrir Coal 
fields. 


We are now in a condition to institute a comparison Martin) 23 beds of workable coal, making altogether 
between the results of observation on the strata of the 95 feet, 12 of them from 3 to 9 ifeet thick, 11 from 18 
Yorkshire coal fields, and those which had been drawn* inches to 3 feet; besides numerous other beds from 6 
from similar researches on the other coal districts of to 18 inches thick. 

Britain and the Continent. For this purpose it will be The coal on the North-Eastern side of the basin te of 
of little use to take into account the number or thick- a coking quality, excellent for the iron manufacture ; 
ness, or chemical quality of the beds of coal, 6ince these on the North-Western it contains little or no bitumen, 
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Geology* being what is called fttoue coal or culm ; ou the South side, 
ch< ^ from Poutipool'lo Caer mart hen Bay, it is of a biUimi- 
nous or luikding quality. The cause of these extreme 
differences in the quality- of the coal is not known, and, 
indeed, the-sobject of the varying quality of a coal bed 
has never yet beep adequately investigated. Many 
analogous, though less striking examples are familiar 
to every cbel-worker of sufficient observation and expe- 
rience. 

The numerous excavations along the Northern border 
of the South Wales coal district, for the purposes of the 
iron manufacture, present us with a complete section of 
the middle and lower parts of the coal measures, the 
limestone series beneath, and the general base of old 
red sandstone. ^ - > ■ ’ i *’■ ' 

The lowest part of the coal measures consists- of alter* 
nations of sandstone' and. shale, -without coal ; the" lowest 
bed (in the place of millstone grit) being a conglomerate 
sandstone. Above this Series, two or three thin seams 
of coal occur, -and these are followed by an argillaceous 
series, containing many thick and valuable beds of coal, 

" and sixteen layers of ironstone in thin beds and nodules'. 

• Whether the ironstone nodules contain shells has hot 
(it is believed) been stated, but the general analogy of 
arrangement of the coals and Ironstones to that which 
has been described in the Northern coal fields, will be 
immediately obvious. ' * . - * ; 

It appears that the’ upper part of the coal* strata is 
characterised by the predominance of coarse sandstone' 
with carbpnaceous specks, tike that called Pena hi in 
Somersetshire, and that a considerable, thickness of 
such rocks intervenes between the upper and lower coal 
seams. . 

This sandstone is occasionally highly micaceous and 
fissile, and yields yery good flagstone and even rooting 7 
slate. 

. The coal strata of this*entirely insulated Coal field r^st 
occasionally upon a coarse sandstone like millstone grit, 
but the general floor nj mountain limestone, which con- 
tains a layer of oxide of iron, in such plenty as to feed 
the iron furnaces. The coal Seams, seven te£p in number, 
contain about thgty-scven feet -in thickness of cleaV coal, 
which is mostly bitmniuqus and swift-bunijng, but in the 
lower scums partakes -more of a coking quality. The 
ironstone nodules . Which lie in the sh tiles arp of little 
importance; the, sandstones are mostly in the. tower part' 
of the Section. ■ ' 

The neighbouring coal field of Ne went rests on trans- 
ition strata along the Southern and Western edges, 

i i»l, 1J1 " * "Wt iL — s 



and Somersetshire agree in being begirt by an. We* 
gular belt of. mountain' limestone and old red sand*® 
stohe, and occasional patches of sandstones occupying 
the place of millstone grit. * The irregnlar vundula- 
lions' of the strata in this district, and theif concealment . 
through extensive tracts by overlying deposits, present 
formidable obstacles to the attempt to trace the aerie* of 
be ds which const itute thiacqal field* ' • 

Mr. Conybeore supposes that it may. cojifajit aa tnany, 
as fifty or sixty coal seams, most oi the at y^ryrthin, 
hardly any of them exceeding one y^^andt^bcrvtbre, 
unless of good quidity,in A cbnnuy^tfsom^ 
from more productive collieries, and iridfcl by the jjn. 
prOvements of modern machinery, of • 

being worked td profit; * v . 

VOL. yi, * >•! J - '■ ’ 


. As in the South Wales coal field, shale predominates Geology, 
in the lower, and the Tenant grit rock in the middle tA. If. . 
part of the series : the shale beds frequently contain 
beautiful impressions of ferns and muscle-shells, (too- 
logy of England and Walts.) 

The Somersetshire coal fields have been admirably 
< illustrated bf Dr. Auckland and the Hcv, Wm. Cony. 

* beiircT. (Geological Tran met ions.) 

‘ The well-connected coal basin of Flintshire, in the FlinUhir* 
basis of which the estuary of the Dee is formed, extends 
from North to South somewhat more than 30 miles, 
from Idatmssa to near Oswestry in Shropshire, forming 
. an exterior belt coextensive with the range of the mountain 
.limestone from tlrfc North of the Clwyd ; where that 
limestone is partially interrupted , by the mountain of 
Selattynr the cOal shales rest immediately on the 
transition slate of that mountain. The coal strata dip . 
generally Eastward, and form irt ‘the Northern part a 
trough beneath the* estuary of the Dee, and rise again ' 
on the Eastern side of that estuary in the district culled 
Wirral, from whence, sinking again beneath (he red 
sandstone, along the course of the Mersey, they may 
possibly be prolonged to the South Lancashire coal 
beds, ncarprescot. 

, This coal basin in Flintshire commences with beds of 
of shale and sandstone, answering in' position mul . Shri ’ w8 “ 
character to the shale and millstone grit of Derbyshire; bury * 

The coal is of various thickness from three-quarters to 
five yards,- and consists of the common online! and pea- 
cock varieties, ( Geology of England and Wales.) ' 

The broken patches of .coat strata which lie oil the 
South of the Vale of Severn near Shrewsbury, are 
arranged according to the irregular positions of the trans- 
ition rocks, which in th$ Slipporstoncs, Longmywl, 

Weiilock Edge, the W rekin, Caer Caradoc, &c., extend 
themselves in a curve far to the East of the great body 
of the slate rocks. The true relations of the coal strata 
to the transition rungCs, between whose projections they 
are enclosed, have recently bee u, examined by Air. 3Vlur 
chifiou, and connected with general views, of the dislo- 
cations along the line of the upper elate formations. It, 
appears' that the carboniferous strata repose on tho 
edges of the slates, and dip towards a common centre 
under tiie new red sandstone* At PiuhlbrcL the whole * 
car Uonifc rails series is represented . by a bituminous 
breccia, of a' few feet Jin thickness. Three thin beds of 
coal arC, for Ihe most purt, observable, and the deposit 
is distinguished by, an included band of lime.stotic 
airrfilurto miperaf aspect (o the lacustrine limestones of . 

Centra] France, and, containing minute planorbes very 
similar do those mentioned above from the middle coal 
seams of Yorkshire and Northumberland. (Geological 
Proceeding?, 183$.) 

On the .j&nat side of the, transition ranges pjf tju* CouJbrook 
Wrekiti and WOnlock Edge lies (he coal field of Coal- ^de. 
brqok Dale, ytjbtch contains at the bottom a sandstone 
called the little flint, qf w lifch the lOwer pavt abounds 
in pebbles, and is-.injfaebiv miUatouo grit. The iron- 
stone^: which lie in fi ve dv six layers, ere balls or Inoad 
fiat - jn asw^ like . those in Yorkshire, »»d contain 
abundance of the pame vegetable impassions, and a .few 
sheds ;; ; t& os ^ ^^ c h we have examined (belonging to 
th* marine genera orbicuta cqgularia, ammonites) Indi- 
cate theprqpriety of Ui inquiry into the distribution 
thg vwUuecom remains for conipjapson with the results \ 

.of th«s investigation in Yorkshire. . . : ' ' 

‘ The coal bed* ‘are mostly th(n ; the ten uppermost 

' ’■ 4.1 ‘ 
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(Jeulogy. are loo sulphureous fur other umjh than lime-burning, 
Ch. II. *pnil are called stinkers ; twelve beds ot good coal, in all 
twcuty-fl\c led thick, the thickest being five feet, succeed, 
and the lowest bod of the whole formation, eight inches 
thick, is Mil pi niveous. The best coal of Ibis coal field 
usu;>!!> presents a mixture of slate coal and pitch coal, 
rarely of cuuiicl coal ; none of it possesses the property 
j of coking. 

The sandstones of this coal tract are Usually fine- 
grained und micaceous, and speckled with fragments of 
coal; but some of them arc. coarse-pained, and two 
remarkably so. The sandstones generally contain 
vegetable impressions, but never form the roof of the 
coal, whioh is invariably shale. Two beds of coarse , 
sandstone, fifteen and a half feet in thickness, are en- 
tirely penetrated by petroleum, which flows out perpe- 
tually in the tar spring at Coalport. This bitumen is 
likewise found in the basses or indurated slate clay. 
These detail.; are chiefly derived from observations at 
Muddy colliery, where a pit, sunk to the depth of 729 
/ ceU parses through all the strata, eighty -six in number, 
which constitute the coal formation. * 

This coal field rests at Slecraway, and near Little 
Wcnloek, on a thin band of limestone, which Mr. Mur- 
chison has recently proved by ila fossils to be mountain 
limestone, whilst in the contiguous extension of this 
field, the carboniferous strata overlie, uncon formably * ' 
various members of the' transition series, with one of 
which, the transition limestone of Wenlbck Edge, they 
arc brought into conformable apposition at Lincoln 
hill’ 

•firo 11111 m, The divided coal-basin of the Clee Hills is elevated 
upon the mountain limestone und oh! red sandstone of 
Corvedale, and contains several seams of coal and layers 
of ironstones much confused in their arrangement by in- 
terpositions of basaltic dykes aud overlying musses, and 
resting below mi a hard conglomerate samUtone. .This 
interesting country has been recently examined by Mr. 
Murchison. On three sides of the Brown Clee Hill, the 
coal strata rest on old red sandstone, which to the West 
is a coarse conglomerate ; but ’ on I he .fourth or South- 
Eastern side, there is interposed between the old red 
and die lower coal grits, a thin zoue*of mountain lime- 
stone. ( Geological Proceedings 1883.) 

Trap rocks confuse the arrangement of the coal strata 
in. the whole space between Corvedale and the Severn, 
which includes the narrow coal field of BHlingslcy and 
Hurd ley, which has also attracted the labours pf the 
smue Geologist. t ** / 

The double coal field, which surrounds Ashby.de In 
cuai news, £ ouc h j s k nsc d 0M mountain limestone, whiph, like 
/some portions o/ that of Derbyshire, contains abundance 
of magnesia; there is, however, no particular corre- 
spondence to be remarked in other respects ; no millstone 
grit has heeu recognised, no ftag»toue;.nor conchiferoufe 
ironstone. Amongst the scams of . coal is owe of the 
• variety called cunnel, and another from seventeen to 
, twenty-one feet in thickuess. (Geology of England and 
fVakr.) 

* The strata of the Warwickshire coal field are based 
upon 7 a compact cherty sandstone, called by -Mr. Cony- 
, hem “ millstone grit, bftt no limestone appears round 
the escarpment Of this ntitaow.coal tract. The seams of 
coal are thickness inconse- 

quence of -the occasional attenuation of the interposed., 
strata of shales. 

The coal field of Dudley* Bilatot^ apd Cannock Chase 


O G Y. 

agrees in part with that of Coalbrook Dale,, but differs . ^mlogr. 
from all the others by the character. of the subjacent v 
limestone, for this is generally admitted tQ belong to the v ^Sr ,,, ^ 
transition system. The coal measures are supposed by * 
modern writers to be unCoiiformed to the limestone, but 
their dips correspond in direction though not in degree. 

The limestone is uplifted into a saddle-shaped or auti- 
cliusil ridge ; the coal strata rest upon its slopes, and are 
covered- by the. new red sandstone formation. 

There is no millstone grjt, nor any flagstone, mid 
r (os usually among the central* coal basins) the strata* 
are mostly 'argillaceous. Ironstone courses occur in 
several parts of the series, but the only Valuable ones 
ore near the bottom. The seams of coal are numerous, 
but only the lower ones ore workable.* They are oi : ' 
various thicknesses, from two to ten yards, or even 
fifteen yards. • . 

It is not, however, to be supposed that these enor- 
mously thick seams are single beds of coal ; they are in 
fact composed .of several beds locally accumulated toge- # 
ther, with certain part ings, which in other places swell out 
Into, considerable thicknesses of shale. Thus the upper 
part of the ten-yard coal separates from the rest of the 
beds, aud under the title of the “ flying reed,*’ becomes # 

■a totally distinct, bed 'in the Northern part of the coal 
tract. 

The coal ; fields of Ireland occupy very large tracts in j rcland< 
the centre of that country, and are upon the whole wry 
analogous in general mineral' characters and organic 
contents to those of England. The same absence o/ 
limestone, the same kind of succession of sandstones and 
shales is remarked in them. Carbonaceous or stone coal, 
like that of South Wales, abounds in the Leinster and 
Munster districts; bituminous coal ill Connaught and 
Ulster. The Munster coal district is stated by Mr. Grif- 
fith to be of greater extent than any English coal field. 

In Ibis’ tract (County of C6rk) Mr. Weaver supposes 
certain anthracitic beds to be interposed in gTeywacke, 
aud to be subject to all its flexures, but certainly the 
greater part of the coals of Cork and Limerick are of 
the same age as the English coul$. At Dallycastlc Inc 
coal is found in connection with basalt.. (See Conybcare, 

Geology of England and l Vales.') 

General View of Circumstances under which the Coal 
, 1 ‘ Beds were deposited . 

I.- Few subjects in Geology nave been examined under ’ 
more various points of view than the question of the - 
.origin of coal, and the circumstance^ under which it wa.s 
deposited. Wc tpay wonder at the philosophical blind- 
ness which would permit in the. last century protracted 
disputes concerning the vegetable origin of coal, when so; 
muuy thousand plant? converted iritp that substance" 
were fpuinl in the shales and sandstones of every coal dis- • 
trict. But In those days this kind of evidence was so little 
understood, that the inimitable impressions of ierns and 
other plains from which , we ' are now accustomed to 
reason concerning the climate and other conditions of the 
ancient worJd* were apt even admitted to be reliqui® of 
the vegetable ^kingdom, % ♦ 

There is no necessity to enlarge upon the proofs of the 
origin of coal from vegetables, drawn from an examina- 
tion of its chemical constitution as compared with vege- - 
...table products, and the composition of the ligneous parts 
of plants, aud from the unanswerable identity of the 
carbonaceous subsfamte, into r which a vast multitudeof 
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Goology. fossil plants have been converted. The chemical con- 
Cli. 11. stitution of this carbonaceous product of the individual 
— vegetables, is- exactly analogous to the chemical con- 
stitution of coal ; aim it is quitg probable that hereafter 
the reason of the variations to whifch both are subject, 

* . * whether dependent oh the original nature of the plant 

• or produced by subsequent operations, will be ns ap- 
parent ,49 that of the general agreement arising from a 
common vegetable origin. (For some remarks On a part 
of this subject see ch. j. p. 547/) ‘ 

' 11. Admitting then the vegetable origin of coal, the 
next question relates to the situation where the plants 
. grew from which the vast mass of the Coal seams was, 
* ; derived. • ■ , 

Muny of the pliints accompanying coal are of un- 
known types, and sonic are too imperfect to permit any 
botanical deductions ; but the .researches of JN at lira lists 
hii\ f o ncverfhcless been successful in 'determining some 
general characters of this ancient flora. 

. The greater number of these plants were decidedly 
terrestrial. 

T|icy appear to be most analogous to tropical tribes 
of vascular, cry p toga in ic, and coniferous plants. 

They grew then on the land, ami it is provable from , 
j\f. Hmngniurfs researches, that Ibis-laud was in a high 
degree subject to heat and moisture, more so than per- 
haps even the coasts and islands of tropical seas, to the 
flora of which’ situations the coal plants present most 
remarkable general approximations. (See p. 603.) 

111* We may now venture upon the main port of the 
inquiry which relates to tlie origin of coal, viz, whether 
tlie plants from which coal was produced \grrw in their 
■present situations, and were there submerged and buried 
beneath marine or fluviatile deposits, or were swept down 
to their present repositories from dhtant situations by 
land floods and other causes. To guide ns in this inquiry 
tin* following data may be premised : \ 

1. The generally uniform , or gradually varying, 
thickness of the several coal seams over a very Targe, 
aiea. ^ . 

:?. The hroken nml fragmentary conch tion and con-" 
fused intermix lure of the plants which accompany coal 
strata, and their being generally without rt>oU. 

3. The occurrence of the Milne species of plants in 
shales, ironstones, and sandstones. • v 


^ es 5 ^ rt ' uni ^ la,lcts ma> appear to favour the hypo- 
thesis of Dc Euc, but they cannot make us overlook 
very serious objections to it. 

The formation of peal bogs is, as* far as we know, • 

not of the kind here supposed. U is not by tingments 
of trees ami herbaceous plants accumulated round the 
place of their growth, but of a variety i,f successively 
dying mosses ami other moisture loving plants that the * 4 
peat bogs grow up to the extent winch" they occupy on 
the high cold hill* of the North of England. 

Thera is, however, another kind of vegetable neemnu* Suhtrrra- 
lation which may be thought to throw more light cm 1U3aU 
the origin of coal. Tile tnrf or peat, moors K as they aiv 
called in the North of England* which occur in low 
ground toward the estuaries of rivers, and along the 
margin of the sea, in many parts of England, contain 
a mass "of vegetable matter, composed, of mosses ami 
other humid plants, roots of liug, &e. and envelope 
trunks of trie*, sometimes prostrated j:i .particular di- 
rections, apparently cut by ert or decayed by time, lti 
some place* are oak, in others birch or fir, according, 
as i\Tr. \V ilium Smith has observed, to the nature of the 
soil below, which is sand, marl, dr clay. With them 
often lie the remains of terrestrial quadruped*, land 
shells, &c. 

The marls sometimes contain fresh- water shells, but 
never hvaviue exuvia*. In most .places these accumu- 
lations of Vegetable reliqniie are below the level of the 
sea, and covered by •various alternations of nicduiiiical 
deposits, sands, and clays brought down by the livers 
or deposited by the* tide. 

Those phenomena appear to admit, of an easy expla- 
nation, if we allow that th c relative level of die sea and 
land has been locally subject to venation, and thus the 
dfainngc of the country deranged. 

The greatest pint of the vegetable # mass grew in its 
.present situation ; it wan a lmmid forest where the leaves 
, atui branches of the trees, mingling with the herbaceous 
Covering* at their base, formed an extensive cnihomccoiis 
mass, which enveloped the trees when they fell by any 
great violence of wind or flood, perished -by natural 
decay near the base, * or yielded to the a\e of the old 
inhabitant, in cases where the situation was Elevated, 
jov otherwise removed from the action of the tide, the 
ancient? forest has been sometimes converted to a lake. 


Peat twg-s 


4. The occasional vertical position of, broken slenis q! 
large, trees. 

5. Th c ' parallel ism or conformity of the several beds 

of coal. * * ’* 

6. The extreme differences. In the t hi clip css of the 
several scams, and the occurrence of many very ttUa 

■ plates of coal through many of the coal shales, \ , ■ ' 
j De Luc and setferal eminent Geologists* ant) lately’'* 
M. Adolphe Brongiriurt, have supposed coal bfemr ta 
.have- beet)’ originally jsl sort of peat bogs,, or masses of 
. vegetable Yeliquhe accumulated round the place of their 
growth,, upon which other vegetables and that 

subsequently these tracts of country ‘during some* exlpo- 
1 8tve convulsions subsided below, their, former level, and 
were covered by yarfoua mechanical deposits; This , 
hypothesis seems torhaVe beeu Suggested by the seem* 
iug analogy lU softe respects between the chemical 
changes Whieh have hhppei^d td the vegetable , mailer 
of pent bog* and oT coal, b/ the pwmfrence pf stems of 


gularity 


or overwhelmed with the ruins brought by n land-flood. 

-Ahuig the side of great rivers, where the level was per- 
manently beloyv the’ floods or tides, m&ny successions of 
sandy and argillaceous deposits have taken place, and 
sometime*, a second accumulation of vegetables; and 
thus the whole (illuvial sedirniWl and subterranean forest 
resembles in spu te Important respects the alternations of 
earthy deposits and carbonaceous layers which compose 
tlie ancient coal strata. 1 

Wc have,' however, not yet e^wusted the head* of the Lake fie- 
.subject Of the agglomeration of Vegetable reliquhv. I 11 
intuiy hjuiationrt, inf^fcngland, as in II older ness, (Geo- 
logy of Yorkshire,) they have been swept down from 
, the land, and accumulated on ihe beds of lakes in u 
pretty vegnlaf stratum of partly decomposed leaves and 
jiferbs, With branches of haafel bushes, nut*,. &c. and 
fragments of larger trees. Over ' them the lake has • 
Since diffused, in regmar Igyers, the sediment brought 
into itby the/strekros and floods, with the shells which 

lived in the waters. ’ w _ ' 

.The Mississippi and other great rivers of the World River de- 
' whose banks are.clothed with immense primeval forests* I*°*»H*. 
f . 4 1 2 .• . 
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CMMiingy. where from ago to age ihc trees as they fall are rolled 
<;h. U. away l>y the periodical inundations, deposit in their 
wide mouths alternate and repeated layers of vegetable 
anti eat thy matter, and thus present us with another 
analogy to the coal strata more exact in detail .than* any 
of the preceding, and more justly comparable in extent 
of riled. 

To what distance in the sea trees may be rolled by 
the mighty continental floods, tho^e who have been ac- 
customed only to contemplate the trifling streams of 
England, can have no propqr idea ; but the navigator 
who at the distance of two or three hundred miles fc* 
cognises in the Atlantic the lust effort of the curreut of 
the Amazons or in the Bay of Bengal observes the im- 
mense accumulations of earthy sediment transported by 
the gender waters of the Ganges, will readily admit 
that the estuary deporits from such rivers may exceed 
the area of Ihc most extensive of our coul basins, (.Sec 
Lyelfs ficol'igi/.) 

Kfloc-ts ft f If we arc right in the inference that the ancient flora 
hi, jin i ton ■ w hich lies buried in our coul tracts w as the growth of even 
is*. iiturf. more than tropical heat and moisture, we may readily con- 
ccive how these circuuiMances joined to thfe certain fact 
that the laud was then of lar inure limited surface, would 
also explain the greater amount of both the organic and 
inorganic depositions from the ancient drainage of the 
earth. For a higher temperature of the air and earth, 
accompanied by move abundant moisture, would natu- 
rally be followed by more luxuriant vegetation, move, 
abundant precipitation of ruin, greater and stronger 
rivers, ami more violently excited floods. As the rich 
vegetation and atmospheric storms and destructive floods 
of the tropical region exceed those of our colder latit udes, 
so would the effects of the ancient floods in still hotter 
climates surpass the most powerful results of the pre- 
sent combination of agents, 

" It is possible that the effect may have been height- 
ened b.y some essential difference in tljc constitution of 
the atmosphere; (M. Brougniart supposes by a large 
proportion of carbonic acid ;) but without at present en- 
tering these fields of hypothesis, the botanic characters 
of the fossil flora appear to warrant the conclusion above 
staled. , ’ 

From this short review of, the operations now in pro- 
gress, by which ji part of the decayed vegetable cover- 
ing of the earth is accumulated in peat bogs, lakes, 
estuaries, urul the sc», we perceive clearly that if the 
production of coal be not now actually in progress in 
certain situations, deposits of carbonaceous substances 
happen under circumstances which will greatly contribute 
to correct hud simplify our notions of the origin of that 
combustible. 

Coal Until nil the circumstances which characterise the 

formed in different coal basins have been very fully investigated, 
varioiia ft w jfl j, e hazardous to decide generally dgainst anv 
*i ua umi. hypothesis advanced to 'explain the deposition uf coaf, 

. Which proceed^ upon observation of the accumulations of 
vegetable matter now in operation. It may hereafter 
appear that tho, vegetables of spine, coal basins grew 
where their remain^ are how carbonized, according .to 
M. Brongfliart^ n^tipiV j that tothcr coal beds arose from 
trees and plants," aw^. ^ontt from the land into fresh- 
water lakes; that others yrcre farmed in estuaries alter* 
nately traversed by ' floods from the Jawl and tides from 
the sea; and that scrap Were ttfytfpdrted far info the 
deep ahd tranquil ocean. t ■ 

, But all the tveight of observation yet made is de 
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tided ly in favour of the opinion that the greater portion 
of all the carbonaceous deposits were swept down from v ** • 
the places yvhere they grew on the land, to ancient lakes, v -* r > 
estuaries, and seas ; ajid, indeed, it is perhaps not yet 
made probable that any continuous bed of coal has been 
produced otherwise. 

For De Luc’s notion of the plants growing in the Generally 
very spot where they have been converted to coal" otw ^ e 2 
seems altogether inapplicable to cases where many nU 
layers of coal alternate with many of sandstones, shales, 
ironstones, &c. For this could only have happened, ac- 
cording to that notion, ill consequence of at least os 
many subsidences and subsequent elevations of the same 
tract of strata, as there .arc coal seams in it; and when 
in addition we take into account the perfect parallelism - * 
of the strata indicating no disturbance, the thin laminae 
of coal which sometimes occur in the shales, the local 
divisions of the seams of coal* arid the quantity of land 
plants lodged in the separating strata, we shall be 
compelled to limit lo very few cases an hypothesis which 
involves such gratuitous difficulties. 

1. On the contrary, these very circumstances are ex- 
actly such as must necessarily be occasioned by the 
effects- of periodical floods operating through a long suc- 
cession of time upon a well-wooded country. They 
would transport at intervals vast quantities of vegetable 
and mineral imrtter into the lowest receptacles of water. 

There the mingled 'mass would be sorted by the waters, 
according to balk and specific gravity, us we observe 
every day in lakes and on the sea-shore! ail etrect which 
most probably would be much heightened by the un- 
equal velocity with which masses of kucJi unequal bulk . 
and gravity would be originally transported by the cur- 
rent. They would be deposited in ^distinct layers, of 
which the most, regular and uniform would be live layers 
of plants, because these ure more ditferent both as to 
bulk and sjiecific gravity from the other materials brought 
uhmg by the stream, than arc these materials among 
one another; a fact remarkably conformable lo observa- 
tion. 

2. But though the grentcr mass of the plants would 
lie thus separated from the earthy sediment, there would 
probably be some portion unavoidably entangled there- 
with and deposited with* thept, and thus the sandstones 
and shale are foiflid to contain in confused admixture a 
considerable number, of plants. . 

3. The trees thus transported by* the floods might fo.r 

the most part not, have been uprooted ; they would also 
in their course be broken and mutilated, and mostly ’ 
deprived of, branches and leaves, -exactly as we find 
them in the coal strata. . * 

i s 4. In the various eddies 1 of the waters . under which 
the sediment fcll t some trees might be reared upright, 
and others might and Indeed would float with the hea- 
viest end downward, and be kept-iti that posture by u 4 
sudden a.)d great accumulation of sediment, and thug* 
wp seem to hifve a naturaf explanation of the occasion- 
ally vertical position of trunks. of sigilluriai, and, oqui- 
setacctt in sandstone, . In shale . deposited' more trim* ’ 
quilly, this fact has never or most rarely been noticed. 

t>. Successive operations of this kind would equalize f 
the results over a large area, and produce a remarkably * 
general parallelism of strata in the same basin') 

C, According to the condition ojf the. currents, the * 
accumulations at any given time, or for any period* 
might be in one part wholly vegetable, in another wholly 
earthy, or of alternate quality, and thus the occasional 
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ilcadnesx of apart of a coal tract usually productive^ 
Uj. if. t j, e ^iviaion of a coal scam into its constituent portions, 
and the partings of a coal bed* appear all perfectly 
natural consequences of the saniu simple cause, 
v 7. It is probable that in lakes which receive floods 
overcharged with sediment, -and which in consequence 
. ‘ arc -frequently muddy, few kinds of molluscs, or fishes* 

or other animals would live, and that the molluscous 
remains would be 'such only as belonged to bivalves, 
like unio and anodon, or univalves, like ; ptdudinu, 
which never come to the surface for respiration, v but 
remain at the bottom of the waters. The shells found 
in coal tracts, supposed to be of fresh-water origin, are 
principally uniones and ahodouta. 

8. It is also probable, tor the same reason, that only a 
small number of the aniuftds or plants actually existing* 
in the sea at any one time would be found within the 
area of a very muddy estuary, and thus we see the 
reason why thfe coal basins which contain no fresh-water 
shells, and are from other circumstances presumed to be 
of marine origin, are generally devoid of animal remains, 
except in the calcareous lasers or nodules which may 
occur in them. These calcareous deposits evidently 
mark periods during which the chemical precipitations 
from flic sea were little or not at all troubled by the me- 
chanical aggregations from the floods of the laud. 

9. As many basins of fresh water, estuaries, or seas, 
ms received the vegetables and sediment brought down 
by the floods, so many distinct series of carbonaceous 
and nrgillo-arenaceous deposits would be produced ; — 
there would be no particular agreement between them 
in the number/ thickness, and quality and arrangement 
of the. coal scams, rocks, or shales, Or ironstone, but a 
general agreement, depending* on the common physical 
conditions of the region. Hut in the same basin, even 
over very large areas, there would frequently occur 
particular agreements, in many respects ; coals of parti-* 
culrtr quality, rocks of certain kinds, beds of ironstone, 
and layers of shells,' may be traced over large tracts 
and assigned to definite places in the general section. 

Convulsive Movements of the Carboniferous System. v 

Nothing appears more clear in Geology than that the 
same parts of the Globe have been alternately subject to 
•" gradual alteration, through thfe slow dud equal action of 
the ordinary system of Natures and to suddeft extreme 
changes induced by the shorter dominion of violent dis- 
turbing forces. 

The preceding descriptions sufficiently show how re- 
gular was the action of' the causes which permitted the 
immense accumulations of chemical deposits, earthy sedi- 
ment and vegetable reliquia*, on the beds of ancient 
lakes or estuaries, and for how long a v period this pro- 
cess continued, the prbdigious number of- alternations 
in the deposits sufficiently attests. It was, indeed, com** 
pared to the present stdte of things, a period of remark- 
able excitement as to the vigour of vegetation, and per- 
^ haps also to the abundance and force of inundations; 
but the parts of this series, compared with one another, 
and with analogous Vttata of different ages, famish proof 
that the whole was- the result of what may be termed 
. the then Ordinary cbqrse pf natural operations. 

Kxtent of Hut this long period appears to have cbme- suddenly 
ihoe dis- jjpan. end, and the characteristic regularity of its deposits 
turbnuces^Q h ave interrupted by a general eruption of dis- 
turbing forces which have left the traces of their power 


rm 

and extent in all the cud fields ot P.uri’pi* and Aim'vu M. Geology. 
As after the deposit nf the slates violent disW iii.»n> C’li- 1 (. 
happened and were sueeeeded by die old red comd.mu*- v 
rate, so after the deposit of the eual. similar ami equ;dl\ 
extensive interruptions of the yi.mes and course* of 
strata were followed by tlm analogous deposit of new 
red sandstone. In the course of ilk so operations, the 
whole thickness of at least the strati lied mass of the 
crust of the Globe appears to have been hiokcn in many 
directions, and the, divided portions raided or ch pressed 
a few inches, many yards, or hundreds of fathoms fiom 
their former level, and placed in new situations, with 
various angles of inclination to the horizon and in va- 
rious directions. Scarcely a mine or colliery is \\ork‘*.l 
in strata of this era in any part of the World which is 
not crossed by several faults or dislocations of this 
nature, and it is always found that they divide and dis- 
place ip the same direction the whole series, of the strata 
to the greatest depths which man has reached. 

That these dislocations happened after the complete 
deposit and induration of the coal strata is evident ; 
that they followed almost immediately, and happened 
nearly at the same period of lime, in almost all the coal 
tracts, appears certain from thu general fact, that the 
disturbances of the coal seams rarely extend into the 
newer strata of magnesian ‘ lime and red sandstone. 

There was, therefore, a general disturbing agency em- 
ployed to break up the consolidated planes of the cur 
boniferons strata ; and horn the occasional filling oftllui 
dislocation!* with ba«alt, various* crystallized mineral*, 
and other igneous products, nft doubt can remain that 
the • printipql agent was that, general source of heat 
which is included within our Piaget, and which finds 
vent lor it* energies in dilKrcut places at different times. 

To particularize «U, or even the most remarkable of 
the faults of the carboniferous systems of different Coun- 
tries', and to notice all the variations of their appearance, 
would be entirely foreign to .the intention of this treatise ; 
such details must be sought in special descriptions of 
the several mining districts and coal fields. Hut we shall 
notice some of the most- predominant of. those disloca- 
tions, which appear to have caused the most extensive 
alterations in the level of the strata, and to. have been 
most efficient in uplifting particular ranges of laud, aiul 
giving ne\V boundaries to the Ocean. 

That most of the carboniferous deposits were origi- 
nally limited in area, has been already stated, and there- 
fore we must be cautions not to infer the violent sepa- 
ration of two coal tracts from the mere fact of their 
disunion; without reference to the connecting iuferior 
strata. Thus the coal fields of the Forth and the Clyde 
wore probably limited by the previous elevation of llm 
ranges of the- Grampians ami the Lammermuir, and 
though presenting strong analogies with the Northern 
coal fields of Northumberland, there is no 1 reason to 
believe that they were ever joined to them. Keeping 
this in vifew, and guided by a knowledge of the charac- 
teristic po r iitls of the several systems of strata, we shall 
be able with more or leas facility to determine the amount 

• of the disturbance of position Induced on any given coal 

* tftici, and IhUa to restore in imagination the original 
condition of {he strata. The separation of the great 
coal folds of Northumberland and Durham on the one 
hand from those of Tcorksbire and Derbyshire oil the 
other, appears to have been caused by a general eleva- 
tion in an Eastern and Western range of the whole of 
tbo tract intervening between Wharfdale and Teestlnte, 
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In consequence of this and the U'a&le of the elevated near Bath ami Bristol, must be referred to the same Gooloev. 

surface., it happens that while the lower parts of the epoch, for the superior strata of red marl and the oolites ^'h* H* 

carboniferous system are connected, the upper parts are are unaffected by thefn. 

entirely divided, and the magnesian limestone lies level This short review shows ns what extensive changes 
on the real of Durham mid millstone grit ofNidsdaly, in the relative level and area of land and water were • 
and again covers coal in Airedale. effected in these regions immediately after the deposi- ■ 

Again, all of the great Northern carboniferous tracts lion of ‘the coal strata, and ^similar results have been 
are arranged with relation to an almost continuous obtained from researches in various parts of Scotland, 

Northern and Southern axis of elevation, from the Arran, and other islands, and in the large coal ti acts in 
mountains round the Source of the South Tjne to Ingle- Ireland. 

borough, through Holland forest, by IVndle hill' and In extending our researches to foreign Countries, wc Aulennes. 
the Western border of Yorkshire, to the limestone dis- must lemember tlmt the exact date of the disruption of 
tricl of Derbyshire, while the particular fields of Haijley the strata is determined by limiting the epoch between 

Burn and Black Burton depend upon* two cross lines the date of the formation of the strata broken, and that 

of dislocation or fault, the former passing Eastward of the. uucouformed stratum next incumbent or udja* 
under the name of the main, or 1)0 fathom dyke, from cent. Thus on passing IVoirf the Ardennes mountains 
near Brampton to the sea side near Tynemouth, and to Luxembourg, we ‘descend from the elevated slate 
depriving the si rata to the North, while the latter ranges range to a horizontal ma^s of new red sandstone, IbU 
East Smith- En-'t by n. remarkable line of slate rocks from lowed by lias and oolites ; and in this case it is clear 
Kiihy Lonsdale to near Cira •eungtou, and throws down Dial the elevation of the Ardennes preceded the depo- 
to the South. The caibonifeious rocks which surround sition of new rod sandstone; but where that stratum is 
the Lake mountains have certainly been affected by absent, (the general case along the border of thc.-e 
elevations subsequent to those which in that district mountains,) we must have been content with infemng 
ti>l lowed the deposit of slate, and anterior to- the de- that the epoch of the disturbance was older than the 
posit of the superincumbent red sandstone. oolites. On this account it is net easy to fix the date of 

A large proportion of the miucrhl veins which divide • the disturbances of the coal series of Belgium ami the 
the carboniferous limestone series of Aldstone Moor, and North of France more precisely than by saying, it was 
the mining dales of Durham and Yorkshire, range East anterior to the oolites, since these ure the oldest strata 
anti West, and may be reasonably viewed as lateral lying nncnuiormcdly over the coal, 
fissures proceeding from the main axis of elevation The fclips and dislocations of the cm hnuiferaus system 
which they join nearly at right angles. The same dircc- almost invariably agree as to the direction uf llieir 
tion at right angles to the continuation of tlicf same slope, compared to* the level of the strata with the 
principal axis of elevation is recognised in tlui veins of general law stated before ; (ch. i.p. 51!',) hut there area 
Derbyshire, some of which range to the North-East nircl few eases of such extraordinary dislocation* ns at Vnleu- 
olhers to the South-East, and, thmlgli with considerable ciennes and in Somersetshire, that the beds of coal and 
variations, appeal's to prevail amongst the numerous accompanying strata are bent into u sigmoidal flexure, 
faults or slips of the coal field of Yorkshire. . . ' and jilt part turned completely upside down. Lcsrer 

The great Northern and Southern axis of elevation cases of flexure of beds are not unfrequenL 
'of the carboniferous scries in Derbyshire is broken across With respect to the degree of distinctness of the 
on the North, near Castleton, and appears to be terrni- planes of the slip, we may remark that this depends 
n a ted on the South, near B rad bdurn, by great cros9 very much upon the consolidation of the strata di- 
faults; and the whole of the coal tnefesmre* of ’Nottinij- "Vided. Thus while in limestone and solid sandstone 
Iianishirc and Derbyshire, on the East, 1 and of Stafford- the planes or cheeks of the slip are clearly tiaced, 
shire on the West of the axis, are cut olE by rapid dip or they are almost obliterated in shales, and thin bedded 
sudden depression to the South. It. may be conjectured sandstones, either by a bending at the surface of frao- 
that the line of this depression is prolonged beneath the ture, or by a filling up of the chasm irregularly with 
red rucks of Cheshire to the estuary of the Dee, and it* fragments from the sides. This applies even to the 
is, perhaps, not improbable that the red marl and sand- case of a mineral vein* which crosses alternating strata 
stone which fills the drainage of the Mersey covers a of three different kiuds, usr in die mines of Aldstone * 
large extent of depressed coal strata. Moor and Svvaledale, where the metallic and sparry 

Further researches may very probably ascertain tire substances are crystallised in ahuudance in the opeu 
existence of several other buried coni tracts in the mid- space between the hard cheeks of limestone and grit- 
land parts nf England near the detached coal fields of stone, but are far lesspleutiful in the obscure and con- 
Loicvstcrshire, Warwickshire, and Staffordshire. t meted interval between faces of shale. In districts 

The Forest of Dean is ft singular basin of coal* strata which appear to have been once remarkably subject to 
with a belt of mountain limestone and old red sand*- igneous eruptions, the fissures of the dislocations are- 
stone, rising from n plain of netv red sandstone, ami often, filled by basalt, both' in the subjacent limestone 
looking over the vales of Wye and Usk to the similar . and superior coal 4rnct», as in the Counties of Durham 
but more extensive district of South Wales. The ge- and Northumberland ; but the metallic ores and spars, 
nerai line of elevation in this immense eoal field is East which properly constitute a mineral vein, and which 
and West, and the strata dip (Yum both the North and abound so much in the limestone as to give it the name 
the South toward the middle ; but Mr. Conybeure has of metalliferous, art* very seldom fonndja the fissures of 
shown that along the middle nirts an internal axis of - the coal tract. „ 

elevation, so that the coal field is a double trough. However it is to be explained, there certainly appears Affinity be- 

The elevation of the Meroip Hills* and other tracts ; to be some affinity between the metallic matter of the tween veins 
of carboniferous limestone in Somersetshire eml Gtou- vein end tlvc nature of the strata which it traverses ; * nd * oeI *. 
certershire, as well as the curious faults in the collieries and though no doubt can £e entertained that the veins 
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foology. me posterior to ilieir including rocks, the frequent pas- 
Ch. II. sage of strings of om into the neighbouring strata, oeca- 
sional nidiform masses, and solitary crystals of the me- 
tallic substances embedded in the interior of the rocks, 
besides the very remarkable examples of crystals of 
blende, galena, &c. in the interior of brachiopodous 
Imuhes, seem to pro\c that the metallic matter has 
been in these cases deposited by a kind of secretion. 
Nor is this supposition, which is strongly confirmed by 
obsei various in the slate dtMm’ls of Cornwall, in the 
least inconsistent with what is known of the diffusion of 
metallic substances by gradual heat much below their 
’ inciting points. Bieislao and llonry mention cases of 
the iiausfcrentc and collection of metallic matter, (cop- 
pei) at an culinary rousting heat, and the well-known 
example o 1 titanium extricated hotn tlie melted iron of 


our furnaces leads to .milonous umicIu ions. We in n, 
therefore, \ery consistent! v munltuu, Unit ni.uoi il \u»\s 
are posteuor to the sliata win h they diwde, an 1 u 
allow that the tiansfcrtine ol uuidlic substances may 
have been effected by the onim.is < n.-y ul heat, m 
the influence of clectncily, so to uiq.u gmte the stmta 
under particular circumstance* with the contents of the 
neighbouiing vem c . Such seuetiuus ol metallic* sub 
stances then do not reqaue us to admit me cmitiadic- 
lory dogma that the >eins occupying ii mucs aic um- 
tempovaneous with the strata. 

The metallic substances usually yielded hy the cur- 
boniicrous limestone arc most of the oios of load, zinc, 
and copper, with oxides and oaibonate of non, and the 
vein— stuff, or inatm, is calcareous spar, iluui spar, snl 
phatc and carbonate of barytes, •dumb uute, quniU.&c, 
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Oiganh Remains of the Cat boniferous System. 

Tho mark * sigmlus that the species to which it is attached Jias been stated to ytciu m the slate system also. 
" Plants. 


undul.it us. 


haim* t Brttiah Louditiw. Iom^u I n, 4 

.KquwUuin infiiudibiihfoirao .•••••■•.«.».».*•» Saatl ruck. 

dubuim IV i ns. 

Catamites < 1 < unatus • * . Yoikshne Ditto. 

m V,rs! " ia ’ 

undul.it us .. Yorkslure ........... Hiubiitr m Bohemia 

lamosus Ditto. Mniinebach, Lttm, Germany, 

ci uc mt u y Ditty, Saaibruck. 

( tbtii B ilkeslwurc, M< ntr dais, Saaibruck. 

dubius . . Ditto. . . . Zanesville m Oluu 

— «*•"»•• Ditto, Newcaxtlu Md " M ' 

p.jchj del ilia Ktieime, 

luuhmis . . ............ Newcastle Ly LhuIiu, Department do la Dordogue. * 

dppioxun&tuH Alais, Liege, St, Ktu nnc, &e. 

Steinhaueri . . . < Yorkshue. 

.C Mougeottu Edinburgh. 

Sphdenopturin fuicat i Newcastle Cbailwoi, Silesia, Saarbruck 

elegant Waldtuburg in Silesia. 

stricta Ditto, Glasgow. 

artemisiadblia Newcastle 

dehcatula Saarbruck, Kadnitz. 

/ Montrelais, bt. George ( hatellaiboii, S(. UiipoliU 
uisKvcw . . ♦ * * * \ in the Vosges. 

linearis Swinu, m Bohemia. 

Brardi ; , . . ... Le Lnrdin. 

nervosa. 

tnfohata Yorkslure (Artis.), , , Anri a near Valenciennes, Mons, Liege, Silesia. 

lendigero. * , 

S chlo tthwmii { D ^ntaeh r i" e s[lesw rb,,,Ck ' WoWenbor * ; > Bni ' 

fiogiiis Breitenbach. 

* Ilpiunghausu Newcastle Warden. 

Dubuissonis Montrelais , 

distans * , o...r...l Silesia, lhnomtu. 

S 'oriHs . Ditto. 

lavenhontii .......... Silesia. 

Loshii Ditto. 

latifolia Ditto. - 

Virtetii - . • St. George CheteUaimra. 

Affinil, Lind Ditloi 

bifida, Lind Edinburgh. 

eaudata, Lind. ......... Nevrc dw. 

crenata, Lind Ditto. 

crithtaifolin, Lind ....... Ditto. 

diletnta, LinjjU'fV. ...... Ditjo. 

CyclopterJs orbirtilans to.*..* Etienne, Liege. 

auriculata Yorkshire. 

fUbdlfafft Berghaapten. 

Several species of Gyclopteris are found at Liege. 

Neuropterfs Scutninatus . Newcastle Klein Schmalkuidrn, 

4 ViUienui. •• Ahw. (Dejiartment (lu G»rd.) 

C»ti> .4..,,.,* Wilkesuarre in Fennsylvaroa^ 

retuodifoUa*. TOthshire Mine du Pk*sew (( ’olradus.) 

Loshii i. . Newcastle 4 Ansm, Liege, WUkosborre. * 
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Lycopodiaecee 



Name. 

.Neuropteri* tenui folia'. 


British Loetillti{"«. 


Newcastle 


heterophylla 

Granger! 

flexuosa Hath, Yorkshire, &c. 

gig an tea Newcastle 

oblongata P.iulton, Somerset. 

cordatn Leelwtwoori, near Shrewsbury 

Sorotii Newcastle. 

Pecoptrrin longifolia. 

hlcrhnoidcii 

('undol liana 

cyathta 

arlwreseenH 

pluty rochis 

l>i’hier«ii «... 

polymorph* 

oteupteroidc* «... 

. Bucklandii ....'. Bath. 

uquilina * 

Schlnltbeunii. .......... 

jitemi-lt's . a . . . 

Dnvrcimi 1 

Mantelli Newcastle • » . . . 

lonchitica Ditto 

St-rlii Bath. 

Gtnmlini 

crenul.it a i 

margimita 


Foreign Localities. Gaol 

f Saarbruck, Miereschau, (Bohemia,) Waldenbur^, " 
l (Silesia,) Montrelais. 

Saarbruck, Valenciennes. 

Zanesville. (Ohio.) 

Saarbruck. 

Auxin, Saarbruck, Eschweilcr/'&c. 

Alais, St. Ktienne. 


Worden, "near Dusseldorf, St. Priest. (Loire.) 

Alais. (Garth) * * 

St. Etiehne. 

St. Etienne, Aubin, (Aveyron,) Anzin, Mannebach. 
St. Ktienne. 

Charleroi. 

St. Ktienne, Alnls, Litry, (Calvados,) W’ilkesbarre. 
Le Lardin, Mannebach, VVetlin. 


gigantea 


Yorkshire , 


punctulata , 

nfervosu 

oh! i qua 

Brnrdi ...» 

Defraucii ...» 

ovata 

Plukcnetii 

nrguta 

alafu 

cristata. 

* aapora . . ........ 

Miltoni t ....... . . 

abbreviata ........ 

microphylla. • 

toqualis ...... a . 

.acuta ..... .......... 

unit* 

debili^ 

donUt a . . 

an gusli shim a . , 

gr.-cjliH. 

peMriicit/rmis 

triangularis 

ppctiiuita * . . 

plainest! Ditto . . • . • 

' tul i. in toides,- Lind Newcastle. 

Iietet-ophylla, Lind.. ..... Ditto. 

Lomluipteris Dournaisii 

cancel Ufa. ' 

Odontopteris Brnrdi 

croon lata 


Mannebach and Wettin. 

Mannebach, Geialautero. 

Mannebach, Aubin. 

L : egc. Valenciennes, ‘ . 

Liege. m _ 

Saarbruck, Silesia, Namur. 

St. Ktienne, Wilkesbarre, Geislautern. 

Geihlautcru. 

Ditto. 

Alai*. 

r Abaschcrhiitte, (Treves,) Saarbruck, Wilkesbarre, 
\ . ■ Liege. 

Montague de* Rourhcs, (Oisana,) Wilkcsbarre. 
W.ddeu burg, Bolduc, Liege, VYules.* 

Valenciennes. 

Lardin.. 

Saarbruck. 

St. Ktienne. 

Alois, St. Ktienne. 

St. Ktienne, Saarbruck, Rhode Inland. 

New South Wales. * * 

Saarbruck. 

Montrelais. 

Saurbruclc 
, Valenciennes. 

Saarbruck. 

Vresnrs and V ieux Comle, near Val'encii nn«s, Silesia. 
Saarhrncjc, Ronch.imp. (Haute S.umc.) . 
Geislautem, St. Ktienne. 

Miner* de Rouchnmp. 

Valenciennes, Doutweib v. 

Swinn, (Bohemia,) Snarl nock. 

Geislautern, Valenciennea. 

Frtsnes and Vieux t'uuJo, Saarbruck. 

Fresnea and Vieux Cond6. 

Gciulrtutern. 

Saarbruck, Valenciennes. 


■ minor 

obtusa . . . . . , . . , Near Shrewsbury 

Scldotthvimii 

Vauloptvris primuvn, Lind. ....« Somersetshire. 

SclmoptcrU anomabi .......... 

•Ly cupodites pmiformi* , » 


pftlyphyllwi. 
Gr.ivvtib 


, Valenciennes. 

La Lardin and Terr as son, (Dordogne,*) St Ktienne. 
Terrunaon. 

St. Ktienne, Lo Lardin; 

Terramon. 

Mannebach," Wettin.-. , 

, Saarbruck. 

. Saxe Gotha, St. Ktienne. 


jravvubonitii 

Sillimanui ^ , 

1 * Itouingh.iutu 

imbrictitus J 

.* . phle^marioides ...... Newcastle 

' -remiifohuH 

- filiciformis ?« 

afhmaP 

Set agin del 'pa tens Edinburgh. 

ernCtltV *.•■«•••••■ 

LepidodimdrcA selagfaohUKim < . . Newcastle . k . ... ; 

elegans '■ 

Bucklandi 1 ...... .... • Colubrook Dale. 


. SiVsia. 

t Hadley on the Connecticut. 
. Kishdieft. 

. St- George Chatollaisun. 
Silesia. 

. St. George Clutcllaitfon. 

. Weft in. 

. Ditti*. . T 

. Mont Jean, near Angers. 

. Buhej^ia, Silesia, . 
Swiui, Bohemia, 
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Lycopodiaceao • • • .Leptdodemlron ophiunis * Is ewcastlo C’hmWol. 

rugosum . . Oulu, Valenciennes. 

Undenroodii ........... Angle*,’*. 

taxifoGum Umcnau. 

insigno 1 St. Inglvri in Bavaria. 

Sternbergii Newcastle S.vin* in Bohemia. 

longifolium * Ditto. 

roamillare WiJJuslixrr*, 

ornatiasimuin .......... Edinburgh, Yorkshire Silesia. 

tetragomira Newcastle* - » 

veoouum < ........................ Walden burg, (Silent*.) 

fcransvorsum . Glasgow. , ■■■ 

Vqlkmanuianum ........ .1,. ....... . Silesia. 

Khodianum ... i ...... . Yorkshire; ...» Ditto, Valenciennes. 

cordfttuta ............. Durham ................ 

obovatum fHaduit*, (Bohemia,) Silesia, Frames, and Vieiut 

;.»• • ^ \ Couue. 

• dubium * • .* .«• , . . . Newciutlc. ’ 

lave 4 .«MM«»«itii.M. Cosntd do la Marche. 

pulchellunt .mm Alois, Liege. 

cselatum .............. lojrltJnre. < 

variant ......... Wilkesbarrfl, Saarbruck, 

carin&tnm v . v f • Kl George Ghateltnison, Montrclaie. 

crenatun) ••••••*,,•.«. .......... f » . 1 , , Bohemia, Etfchwciler, Kn*eii, Zones villa, (Ohio.) 

acnlenitim f ... . I ...... , ... * # Kssefl, YVilheaburro, Bohemia, Silesia. 

CfatH. * . . Witkoslmtre. 

disfans St. Etienne. 

laricinum t ' Bohemia, Silesia. 

rimo&tfm. * Bohemia. 

undulatiun Ditto. 

confluent >de*ia) Ksehweiler. 

Horcimrtii, With.) ( Noftliuml*?rIruid. V.i K . 

iinbricatum J \ IlorcOnrt .) . . . . . . ™ * ixn - 

acerosum, Lind. Newcastle. 

d ilat at uni, Lind. ....... . Ditto. . . . 

gracile ............... Dittos 

, Lcpidophyllum majus GeisUutem. 

luuceolatum Mouirclau. 

,- t Boldayi ; Valenciennes, * 

trinervo . - ....i. ..i... ...... Moutrelaia. 

liucarei Alois.* 

intermedium* Lind.., . , . Near Shrewsbury. 

Lepidostrobus oniatus .. Shropshire. ' „ ‘ 

tiftdalatos England. , - 

etuarginaiua . .......... Yorkshire, .' r 

major..,.. , f ........ Newcastle. '* * * *; r ‘ 

Tftmbilit, Lind. .. Ditto. * ' 

Ulodendron majus, Lind. . • , , , . B&rnMloj^ne^r Newcastle. 

minus, Lind, Halifax; (Vaighlth, Shields . 

Cordiocarpon majus > ... • » • • k • » » St Etienne, Langeac. (H. Loire.) 

Pomieri * Langeac. 

cordifqrrae . Ditto. 

ovatnm » , , 'Ditto, 
acutuni Newcastle . ........ . . Ditto, 

Stigmana teticulata • • • , Kurland; ' s ^ 

Weltheimiena . . . .C.,,. Magdeburg, v 

reguTam ^ . Ctermauy* ^ \. < t '* . * 

intermedia George ChatoIUJuon, Montrulai^ \X ilkcsWre. 

« flit rXsmM.i.t. 1 ..! 


i h.tL . 


Gcurgc Chatcllaison, Mont rein is, 8f. Ktiennc, 

i U *« c ’ ChaiJ-roi. V^iKicmu-,, Muhlbrira utar 
l Urlaoil, Ued>j .Hibs, S. c. . ( . Silwi., Mawi». ' 


*flc9ute* ........... . l { TJ.gc, ChaiMoi. ViJiucicn 

- . , ‘ bMtad.lteJvdiufcto,.^. D..5.W, 8.W., MaW 

, tuberculosa MontrvUis, Wilkesbarre. 

' ri^ula ( . . if v ♦ . . . «•«*#., . m . 1 m * ly ......... Antto. 

minima AngTcsea** <• » . * . * . 1, • Chstlfiti* 

CiickftCM ? inn .SigilUna punctata »»• IfolMMSi'iit 

J . appcudiculata \;V Yorkshire Ditto, .. 

Tveltigcra 1. > ..•••«.*».,. Aliit. 

* Cistil f# , Wikkesbarre. 

)nii 0 ,, . JOg*. 

cantdieuUia. ...* ouratude. 

rUgwa... M ... M ....... i H’iUnelahe. 

Cortct , — Essen. 

elangata . < » H . 1, . . . 1 . 1 1 « » ► « « » • 1 • « . * * » n » * Charleroi, Liege. 

ranl\urmls ,s Newcastle. ^ Bssen. 

hippacripi** * jfiw.. 

.. ' f Iwhrmu,i v , Ihto. ■ 

Candollii lfVl .. 4M > ; ll Alois. ? 

o<iiktki.;^ Mk vu,4 M , Dit id ...r/. Bohemia. 

orbicidarie * St, Etfenne, Snarbrock. 

* tesselluta^ Bath, YorksMtc, Newcastle. Alai*, Kschtreilor, Wilkesbam. 
VOL. VI.'* ‘ '''' ; * A “ 
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Family. Nimw*. BnlUli Loriilitie*. 

Cucteace® Sigillaria Boblay i • . * • • 

Knorrii • • • 

el li plica 

tranaverHali* * 

Sillimnnai • 

uuhrotunda • • • * 

cusqiidata 

Kcutellata. . 

pachyderm a Yorkshire. 

notata. «•»«..«. 

Donrnaisii •••••»•**'»» 

tngona 

mnmillarit 

alveolaria • • • 

hexugona. 

elegant.. - '••• 

ornata. 

Menard*. 

. Brardi 

laevigata ...... »•••«*., 

* 

duhia. . . . 

Defrancit 

Scrlit *.»*..»»• .«• .«», * Paulton. 

or(fanum, Sternb~ .. Nwtwtle. 

, _ rCramlmgtOB. Nortnumber- 

monostachya • • ♦ * { land. 

CL-ifou* ? Sphonophyllum Schlottheimii ... 

emarginatftm Both . 

(niDcutun Somerset. 

dentatum..*, Newcastle. 

Bmbri&tnm. « 

quadrifiduna. * • •*•••• 

tlfasectum. * 

oroBiim, Lind. .......... . Ditto. 

Pinifes Bramllingi, Litul. Ditto. 

Withami, Lind Edinburgh. 

medullaris, Lind. Ditto, 
ombigmw, With. High Hewortb. 

-..• .• Wi . (Lenuel Braes, near Cold- 

Pitus ontiquu, With. \ ^ reftra . 

Anabathra pulchcrriraa, With. . £weed Mill. 

Pence Withami, Lind, Durham. 

Palma: • VlabeUaria f borawilblia. ....... * • 


>i Northumber- 


Ntngerrathia foUosa • «... • • • 

Bahellata .. Newcastle. 


Zeugophyllitcs calamoides 

Cannae Cttunophyllites Virletii Yorkshire. 

Sternborgia angulosa ...... , Ditto. 

approximate 

distant Edinburgh. 

Poacites lanceolata ** 

vqualis - 

striata 

Glumacoce . .Cyperites bicarinato, Lind. ..... Near Shrewsbury. 

Tngonoearpon Parkinsonis ..... * England, Scotland, 

Nroggerratbi 

ovaUiro 


cyUadrieum 

ttulautn 

Mutfocarpum prifMMtfenni , 


diflprme 

oontractum Oldham. 

(Class doubtful) , .Phyllotheca australis . . 

Annularia roimita . . • • 

hrevifolia . » 

fertilis »..•■»»•*«%*•*•« Bath 

fluribunda • 

longifolia Caroerton 

B 

spinulosa 

radiate . 

Asterophyllites cquiietUarmis * 

, rigida 

hippuroidos 

longifolia Newcastle 

tanui folia Ditto. 

tubesculafc Ditto. ............. 


Foicign Loculi tics. 

A aria, 

Saarhruck, 

St. Ktienne. 

Ebchweiler near Aix^la Ghapelle. 
\\ ilkesbarre. 

Dotifweiler, nett Sa&rbruck. 

St. Ktienne. 


Saarbruck, Silesia) Liege. 
Charleroi, Valenciennes. 

Radnitx in Bohemb* 

Charleroi. 

Saarbruck. 

Borckum, near Essen, Eschweiler. 
Borckum. 


Terrotton. 

Montrelais. 

Wilkesbarre. 

Ditto. 


Waldenburg, Silesia. 

'Wilkesbarre, 

Ansin, Geislautem. 

Tcrrasson. 

Montzidais, St. Gcoige Chatellaisen* 


Swina in Bohemia. 

Bohemia. 

Raixa Gunjej near R&jemahl, India. 


Langeac, Bt. Etienne. 

Zanesville. (Ohio.) 
Tcrrasson, 

Ditto. 


Langeac, Coal Mines on the Rhine. 
Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

n&tttosbnry Riw, Kwr Holland. 
Tmrassoo. 

Alois, GvislaUtem, 

St. Ktienne, Wilkesbsne. 

Saarbimck. 

Gebilauttrn, Silesia, Alois, Wilkesbarre* 
Charleroi, Itarrosadn. 

Saxony. 

Saarbruck. 

Mannebach, (SaxcmyA Rhode Island. 
AUi*, Vatasaennev, CItarleroi, Bohemia 
Alsi*. 

Esc4rirei1cr. 

8)>v»io. 

Gennariy. 

Chariwoj, Anrin, 
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Family. Name. 

(Class doubtful.) . Astorophyllites finudi 

dubia 

diffusa 

grandly Lind. 

ibliosa, Lind . .... 

galioule.*, Lind. 

Volltmannm iwlystuchti ........ 

distiicnva .. 4 ........ . 

erosa ......... 

Poly jh) rites Bowman ni, Lind. . . . 


BrltlA JUwuUtiot. 


Newcastle. 


Ditto, 

Ditto. 

Barnsley. 


Near Wrexham. 


Fon'ijjii LaeeUliM. 

T* 

iL-buui*. 


Waldenbiug. 1 Silesi x.) 
Siirin*. (UohutbU) 
TurMtfceu* 


Geo 

Ch 


Nearly all the names of fossil plants are taken from of plants known as 1 to 30, they were in that ancient. 

Brongniart ; the few from Lindlcy and Hutton, from epoch in the proportion of *27 to 30.'* 

Sternberg and With;un K are marked by suitable abbre- If we sock to determine by comparison with paiticnlar 
vi at ions. or local existing florae the probable circumstances under 

Analogy to The following observations by M. Adolphe Brongni- which crypt ogam ic plants grew to such preponderance 
existing a rt contain nearly all that can be at present advanced in the carboniferous epoch, we shall lw guided by the «b- 

plauts. concerning tbe physical conditions which governed the serrations of Brown and D’Urville to some important 

growth of these plants. We shall first remark that since results. According to these eminent Botanists, the fa- 
the date of JVL Brongniart's Essay, true conifene have mily of ferns is subject to the influence of two causes, 
been discovered in the English coal districts, and that which determine their mode of distribution over the 
his reference of sigillariu, to the (ribe of arborescent Globe; heat of climate, and the influence of the humid 

ferns appears open to very seriott9 objections, ami is per- air and uniform temperature of the sea. Hence, when 

haps not generally allowed. Besides the few eoniferte and the circumstances depending mi proximity to the sea are 
moiiocotyledones, “ the flora of this epoch is composed equal, these plants arc more abundant in the ICquntori.il 
almost wholly of vascular cryptngomoua plants, so that than in colder regions, hut in the same zone of climate 
out of 260 species 220 belong to this class. But, they arc much more abundant in isles than on euiiti- 

iliough evidently ranging themselves in the families of nents. In the temperate parts of the Continent of 

equisetaceae, Alices, and lycopodiaccrc, these plants differ Europe, under favourable circumstances, they me to tlm 
frorn the species, and often from the genera now in exist- phanerogamic tribes as- l to 40 ; within the tropica 
once, iu several points of their organization, and espe- Brown slates the ratio as J to 20, and in unfavourable 
cially by their gigantic size. At this period there existed situations as 1 to 26. Under the same latitude, this 
oqnisela more than ten feet in height, and five or six proportion becomes much greater in Islands ; in tlm West 
inches in diameter, tree ferns forty or fifty feef, and Indies the ferns are as 1 to 10, instead of l to 20, as in 
arborescent Ivcopodiuce.L* sixty or seventy feet high. The favourable situations on the ( nnUucnt of equmoxial Amo- 
essential characters of this ‘ primary* vegetation are the ricn; in the South Sea Islands 1 to 4, or 1 to 3 ; while 
numerical predomi nance and greut magnitude of these on the Continent of India and in the tropical part of 
crjptogauiic plants. , New Holland the ratio is 1 to 26. At St. Helena mul 

“It has been long observed, that the plants, of this Tristun d'Acuyun the cryptogamia arc to the phnucru- 

iigc resembled generally those of the hot, ratlier than of gamia as 2 to 3, uud in Ascension nearly as 1 to I. 
the temperate regions of the Globe ; but since the fossil From these examples Jt is plain, that the smaller the 
plants have become much better known, and their analogy isles, and the more remote they are from great continents, 
with existing tribes founded upon a more thorough ex- the larger is the proportion of ferns growing there ; and 
amiiiut.ion, their relation to the plants of Equatorial re- we ci ay conceive that if such islands were alone in tbe 

gions may be established on a more solid basis. All midst of a vast ocean, or formed only scattered points 

cryptogamic plants acquire greater size, in proportion as or little clusters without any great continent, their pro- 
the climate is hotter ; or rather, in cold climates none but portion of ferns would be still greater, and the cryptu- 

\ery small species of this class are found, while in tro- gamin become the predominant group. Geologists have, 

pipul regions we have, in addition, many of large size, from independent considerations, inferred that at the 
The ferns of cold and temperate climates are upon the time of the formation of coal, the extent of land in 
soil, or their stem rises only a few inches in height; those the position of our present continents was very small 
nf tropical regions grow to ten or twenty feet: the compared to the wide surface of tbe sen ; and thus Geo- 

.smallest equiseta known are those of Lapland and logy ami Botany appear to agree in determining that at 

Canada; the largest grow in the West Indies, and Equi- this period, and in the situations where afterwards coal 
noxial America ; the lyscrodia of our climates are never was formed, land existed only In small islands, amidst ex* 
above five or six inches nigh, those of tropical regions tensive seas. On these islands, under perhaps a more 
are three or four times os high. , than tropical climate, in an atmosph«re charged with 

“The numerical predominance of the cryptogamic moisture, we may believe that those gigantic cryptogumia 
tribes in the carboniferous epoch & such that, while iu the grew which have produced so large a proportion of the 
existing order of Nature they are to the Whole number extended coal beds of the older carboniferous epoch. 


Family. 
Celltilifera. , 


Flottra crinoideo, Millar. . 
Retepora fluitra&formU, Math 

elongate, F. 

Gellepora uni, r. 

Aulopora compressa, 0 . .... 

Catenipora 


POLYFAKU. 

BrtlUh LoealltlM. 

Arran. 

Middleton, Derbyshire* Arran. 
Ruthergjea, Lanark. 
Rutherglee. 


Winstar. 


Fofrffla foealfUf* 


Rating*!!* 

4x2 
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Goology. Family. Krone. " BHilali LocalUlffl. Foreign Localities, 

ell. I i. Cellulifera Tuhipora raimriosa Mvuulip, Westraoroland, Ireland. Dine, Limburg. 

Syringopom reticulata 01 ne. 

* radiata, Mart. Winuter, 

struts, L. «... • ...... Westmoreland. 

tubulAriaL * Liege. 

Favorites teptosus, F. . . . , Scotland. 

depriusut, F Ditto. 

ramosu* i . . Arran. 

"Griamopoi* plynumiha, G. ...... • . ■ • & arnur, Klberfeld. 

Milleporn, umfeiicribcif, Sp. ..... Near Kirby LoumUIo, in thin beds. 

JNear Middlebam, near Kirby 
Lonsdale. 
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I 


> At Namur two species of Caryophjllie. 


undescribed, Sp. • • • 

LameUifera .««.*. CyntkophyUum excentricum, G, . . » • Ratingen. 

pentagumun, G. Namur. 

Lithostrotruu striatum, Park .... Wales. 

fioriforme, Mart ' Bristol. 

marginatum, F.-* ...... . Scotland. 

Caryophyllin fnscfcuUta Bristol » \ 

dupltcata, Mart Bake well I ' 

affinis, Mart . ... t ..... . Wins ter * 

juncea, F Ruthergleo J 

; Turlrimdia fungites, F. ........ Yorkshire, Huiherglen, Ireland . . Liege, Namur. 

1 Aetnua undulafo, Park ......... Bristol. • 

PorHw cellules*. Park ......... Mend.jp. ’ < '/ 

*Amplexux eoralloidee, Sow. . . Auglekea, Limerick. - 

These thirty or more specie* of polyparia uppear of Belgium aud Westphalia. No polyparia have yet 
almost wholly distinct from those of the slate system, .been seen in the proper coal measures ; they all belong 
yet they belong mostly to the same genera. They have to the subjacent limestone group, 
ns yet been little noticed in the carboniferous limestone 

Radiaria. " . 

Family. Name, British LoctUillo*. Forelgu Localities, 

Crin'rifca .Vontremites eUipticun, Sow. ....Preston. ' 

Derbiensis, Sow. Derbyshire, Ireland. 

globostiv Both. 

tmdeAcribed uporicfl ...... Craven in Yorkshire. 

ovalis, G. * • Ratiogen, Dussridorf. 

Poteriocrinus crassue Yorkshire, Sec. Bristol, Arran. 

tenuis Mcndipi Bristol ^ , , 

Platycrinus l®v»s Bristol, &c. , 

tugoHus Men dip, Caldy Island, Whitwell. 

tubercnlatus Mendip, WhitwaU, Yorkshire. . . 

granulatua ....... Ditto, ditto, ditto. • . 

•hiatus. Bristol. 

•pentangulariH Ditto, Mendip. 

depressive, G. .......... .... 

Cyathocrinua planus . ; , Northumberland. 

ojunquaiigu laris ........ Bristol. 

♦rtigoiu* ...... Whitwell, Yorkshire. 

Actiuocrinus *30 dnctylu* ..*♦*. Ditto, ditto, Ireland. 

uolydactylus- Whitwrib Mendip. . 

Icovie ....... • . r . 

Gilbertson! WhitweU, Yorkshire. . 

granulate, G. 

Hhoducrinus * varus* Whitwell, Bristol, Dean Forest. 

(|uinqiuingu1ans Whitwell. 

Eugeniocrinus, undescribed ..... County Fermanagh, Ireland. 




Ditto. 


Ditto. 
• •**. Ditto. 


The names are principally from Miller’s Work on 
the crinoidea; where -other authors are quoted, their 
narnea arc appended to the particular species described by 
tbrai. 


ricated spines. 

No radiaria have yet been seen in the proper coal 
meutuires, they all belong to the subjacent , limestone 
group, which in some extensive tracts is almost wholly 
composed of their disjointed columns and other parts. , 

CokchiferaV 

Ki.inlly. Name. AtUtah LocWitle*. 1 Foreign Localities, 

Plagymyona * . .Pbolndomya Pundescribed, Sp. ... .. . Castleton. '• 

Corbnta limoso, F. BcotlanA f 

BangUinobiria gibbosa ............. Queen’s County, Ireland. 1 

Tellina lineato, H ............ Batiagea, 

Carfium>tefonn. ^ '*'***'* 

’* } Hibernicum i... *,#• ..... .j Cork, Mendip. 

efnngatum Bakewrll, Whitwell, &e. 

Hialella sulcuta, F. ......... ■» ... . Frith coal field, North Britain. 

IaocaifUa oblong* .Duldid. 
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Family. 

Phgymyonu 


Mesomyona . 


Name. 

, .Oypricardia Annulata 

NucuD pabnap. 

attenunta, F Shale . , 

gibboiia, F. Ditto. . . 


BritibU LocaUti>‘«. 


Drnchioporla 


Anodon? crassus 

Unio Unit F Coal . , . 

subc district us 

* acutus . 

other species . . 

Chama ? untiipiu, II.’ . , 

Modiula lmvis 

undesmbed specie* *.♦ * 

GoMliiswi, 11 

Mrgalodou *cucullutus . . . ; 

.MytiluM crassut, F Shale. . 

minimus, 11. 

Pinna flabtdUfoniii*, Mart 

lnoccramuH vetustu*. 

Pectin, uitdetcribed, Sp. i 

priscus, Schl 

plicatn* • 

granosm * 

diJisimilix, F 

pa py menus Coal . . • 

uiUlcsm'urd spcciei* ........ . 

Aviculn, umlcscriWd .species 

Vulsella i* cLngtiluU, 11 

Foridouin, II. 

undescrihod 

(Mrea prise*, 11 

llinniti's IM.iiuvtllii, 11. 

, .OrbicuU it Ifexa ? I roust. . 

unrfi'HCiihrri species. 

Terebratul.i acuminata 

*crtmu*n.». 

*poguu». 

* ? plutyloba ? ............. 

* lateralis 

♦Matitiae. 

•cordif “oriuis 

♦rrmfortniu 

hnsfata . ., 

*Mirculus 

dubiit, 1). . * % ..j» 

Dorassii, J) 

? indeututa 

obliqnA 

mouiiculatu, Schl. ...» 

^Iv'vigatft, Schl 

Spin fern resupituita (Tereb. Sow.) . . . 
. Martini 

. * cuj*piiluta 

trigonal is. . 

triangularis 

♦nndulata 

*octoplic;itii . 

•glubrat 

♦atrial a 

♦amlrigua 

minima 

♦obtuna 

•lincata . . 

imbricata ; . . * 

' oblata 

♦pinguid 

♦attenuata ■ 

blsukatu « 

♦distaus . • . 

♦rotundata 

Urii, F. .« 

cxAr&ta, F 

biplicato, G. 

Lingula my t iloides 


Derbyshire. 

Hutlu-rgleu. 

Ditto. 

Northumberland, 

Wigan, Leeds ? 
Ruthcrglen. 

Yorkshire, Newcastle, &c. 

Ditto, ditto 

Yorkshire, Derbyshire. 


FortMcu Uicalitiiis, 

\ isc, near Liege. 
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Harry Isle 
Costleton. 


Yorkshire. 

Cult lulls, Fife, Wigan ... 


Ashford 

Cast Mon 

Djtfo, Yoikshire, lftlaud. 


Queen 1 * County. 

Ditto. 

Scotland. 

Leeds, Sheffield, Halifax 

Noitliumberland. 

Ditto. 

Bradford, Sheffield 


Liege. 

Ditto, Worden, Bochum. 
Ratingeii. 

Ditto, YisA ‘ 

Werden, 

Near Cologne. 

Rntiugcn. 

Ditto. 


Liege, Werden. 


f Finally in ('raven, Yorkshire, 
\ . Ireland. 

Hradfnrd, Yorkshire. 


Vi: 6, near Liege. 


Vis^. 

U.Uliigeu. 


Coalbrook Dale ? 

Northumberland, 

Buxton, Scalebnr, Clitbero, &c. . . 
Wi lister. 

Crooin, Ii eland, Ac*, Clithcro. 

C lit hero, 

Blrtck Rock, Cork, Dublin . 

Ireland. 

Ditto. 

Dublin 

Bristol, K. L,&c. 

Middleton, Matlock, K. L. 

Ireland. 

Dublin. 


Dovedale, CUthero, Rulhcrgleu 
C.urtletoii, Bristol. 

Ditto , • 

C'ttvwbdii and Overton 

Buxton, Derbyshire. 

Arran. (Kust Thnkley>) 

Ditto * 

Chelmerton alid Ireland 

Bakewel), Arran 

Ditto 

Ditto. 

Scalelnu*, Yorkshire. 

Castletim. ” 

Ditto, Little 

Flintshire, Derbyshire 

Black Rock, Ireland. 

Ditto. 

Ditto 

Ditto. 

Toffiuay, Limerick 

tiufhergton. 


Ditto, Vise 4 . 
Raiingen. 

Vh*>. 

Ditto. 

Rut ui gen. 

Ditto. 

Vise, Raringen. 


Ditto. 

Ratiiigen* 

Namur, Itafingen, Liege* 
Ratingeii. 

Ditto, Liege. 

Ditto, ditto. 

\ii6 r Liege* 


UutherghMi. 
West Lothian. 


Products * i k>ngi*pitm 
ipimilofa . . 


Flonaingu * 
iptnoM V* 
Bodtica !•< 


Wokingham. ' 

Ruthergtep. 

Kilbride, Lanarkshire. . 

Linlithgow « . * 

Livingstone, ditto. 

Di(ti», Arran 

Linlithgow, Arran, Isle of Mail.. 


Rut in gen. 


J)it*t\ YkC 
Ratings a. 

Lieg**, Vis<* 
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Family. Kami*. Uritiih Eorulitl'**. 

Brachiopoda., • .Producta aculcata Bnkewell. 

gig.mtua Ditto, Yorkshire. 

' { M “ "d rf ?: . A ™. u ;. N r rt . h } 

♦Martini { ” Yorkshire. ^'TT!'! 

crassa Bur.tu.i, JX-rby. 

striata Groom, Ditto. 

ttomirtiticularitf Derl/yshire. 

wiiti'jii.if.i J>itto, Dublin. 

♦sulrata Ditto 

|MTMiUi:it.l Ditto, Kendal 

j-inct.ila Buxton, Yorkshire, Ireland 

limbi i.-it.i Derbyshire, Yorloibiro 

' )<lii’.lt:llS Dittu 

’ f, h»irri<Li Arran. 


Forefyn Localities. 

Vise. 

Ra tinmen, Vi*d. 


hemisphnnriea 
romuides . 

I , 


- "Coirenma 


Mymdd Carreg, Yorkshire .. 

Llnngavpnnl. Anglesea 

PufKn Island, Arran 

Richmond, Dei byshire 


. f Clifhm, Cumberland, Northum -1 

l,,Wa i bcrland, Arran 

rcisfata Gloucestershire, frlusguw. 

ImiKi'roMi B re<lo ii, Derbyshire 

Crania ]»risc.i, II 


Ditto, ditto. 

Vis/ 1 , bit‘^0. 

R.itingen. 

Vise. Kfttiutien. 
Ratin^'u. We. 
Kutingcn, Liege. 

Ratingrn, Vise, Lic^r. 
Rutingen. 

Ditto, Vis£, Liege. 
Ditto, ditto. 

Ditto, ditto, ditto. 

Rat inpen. 

Ditto. 


Geolog 

Ch. fj 


The luiuios in thu* preceding catalogue of coiichitVr& 
aio almost wholly taken from Suwerby's Mineral Conch - 
(•fogy; whore other authors arc quoted, their names 
are appended to the particular species described by them. 

The couchifera of the carboniferous system admitted 
iu the preceding lists amount to 1 1 2. 

Plagymyona 25, mesornyona 17, brachiopoda 70. 
Of those 3 plngy mvonoiis, 7 mesomyonous, . and 31 
bnichinpodous, are suid to be also found in the slate sys- 
tem. On this subject the remarks which follow the 
enumeration of the conchifera of the slate system may 
be referred to* Mesomyonous bivalves have now be- 
come more numerous, and the enormous preponderance 
of brnchinpoda over the other orders of bivalves is re- 
duced I roiu 6 to 1 to about 2 to 1. 

Of these 112 species, 5 arc generally allowed to be 
fluviutilc or lacusttiuc ; and their number, if augmented 
by the yet undescribed species in England, may very 


probably, amount to 1 0. Nearly all the marine tribes 
occur in the limestone group below the coal measures ; 
aif lb*; fresh-water species lie in the coal measures ; but 
there is otic thin layer of marine shells extensively 
spread in Yorkshire, in the midst of the coal measures, 
above certain freak-water layers and below several others. 
No frc.sh-water shell lies in this bed. lienee the 
series of operations by which that coal field has been 
formed evidently includes one period of marine, and 
two of fluviatile or lacustrine action, subsequent, to the 
general and Lag-continued action of the sea, which de- 
posited the mountain or carboniferous limestone. There 
is no disturlauce of strata nor any thing to indicate 
local movement during the deposition of the coal, and it 
is presumed that the alternation ol marine and fresh- 
water deposits, here certainly proved, was occasioned by 
causes acting at a distance. An additional memoir has 
been promised on this subject. (See p. 59*).) 


Ratingcn. 


Mollusca. 

Nome. Th-ilis.li Ln*’MiLit*«i 

UoWomuu} • ■ * Vll,u ><» Near dither... 

tuhifer Ditto. 

soiria other specie** ...... Ditto* 

Patella, several specie* ......... Ditto. 

pritnigena, S'chL 

PUnorbis, Phil In coal measures, Yorkshire. 

Planorbis tupialis Kemhil. 

Ampulluria nobilis Queen's County, Ireland. 

liclicoidus Ditto. 

undescribed Clithero, Westmoreland. 

Melania *constricta Buxton, TidcsweU. 

Nerita striata Corfy, Arran. 

*spirat& Bristol, Derbyshire. 

other species Clithero, Northumberland. 

Naticu elongate, Ilsen Ditto. 

Gaillavdotii Ditto. 

globoaa Vlrf. 

patula Ratingen.’ 

undescribed secies Clithero, Northumberland. 

* ^Hdhc^Sow.) } carin ^ ft Derbyshire, Yorkshire ..... ..... Visd. 

striata Derbyshire Ditto. 

j several uxidescribed species Neat' Clithero. 

Cirrus* acuf us DHto, Derbyshire Namur. 

rotundatus Ditto. 

several undeecribwl specks Ditto. 

Suomphnlus nodottis Derbyshire Ratal gen. 


Localities. 
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Ch. tl . Gasteropoda 1 
Ilolostomata 1 * 

Name. 

.Kuomphnlus angulosus. 

♦cat ill us 

delphinuloris, H®n 

pentungulatuM . : 

tuberculatus, F. . . . . . . . 

Erilihh Local! litM. 

Derbyshire, Y orksire - 

Ditto, ditto 

West Lothian. 

Wi'v,i 1 -ii Localities,. 

. Bilfmgcu. 

. Ditto. 

. Ditto, Namur. 






other umlejscribed species 
Turbo ♦tiara 




Ditto. 



uudchcribed species 

Tiochus cinguUtus, G. ....... 

scahins, G 

ulutaceus 

catemdatus, (1 

tsrniatus ••■••■•.... ■■ 

Northumberland, 

1 .Several undvseribed species at 1 
r Clithero. j 

Ditto. 

Ditto. 

V ise. 

Ditto. 

. Katingen 
. Ditto. 


Tu vr ttetl:i. ango]ata .......... 



l.'rii, F 

elongata, F 

sptmtta, G. . . 

angustata, G. ......... 

conoidea, G «..«’• 

tenuis, G. 

Ruihcrgfon. 

Ditto. 

> Several un described specie*, i 

r Ditto. 

Ditto. 

' Ditto. 

1 Ditto. * 


acuminata, G 

1 i 

> Ditto. 


ptuKfuinitllfl Miiriiiitnrin ... 


Ditto. 

* 

■trial a ■ . , ,, lt • • i M • 


Ditto. 

Gasteropoda ) 
Solenostomata j 

. .Bnccinum aentum 

undescribcd species .... 
Rostelloria ? 

Queen’s Cqunty, Ireland. 

Near Clithero. 

Ditto. 


G«*ol 

Ch. 


This catalogue of gasleropodous mol lu sea is very in- limestone of Yorkshire alone. Several others were col- 
complete. At least as many more species, most of lected by the late Mr. Miller near Bristol, and by the 
which are in the possession of Mr. W. Gilbertson of Rev. C. V. Harconrt in Northumberland. 

Clithero, remain to be added to it from the mountain 


Moli.tjsca. 


ittiIv. Nanir. Ilifti'di bn.- Ai'Wigt) hiH'nlltiae 

Momltlwlamia } • .'Hclleruphon *hiulcu* Derbyshire, Yurkshire Vise, Ratingcn. 

♦costal us Derbyshire, Dublin ........... Ditto, ditto. 

♦tenuifkscia Setilo, Kendal, Tietand liatingen, Vi«6. 

♦apertus . St'.ttla,»lruhiml. 

♦cornu ariotis K endal . 

Urii, F Uutheiglcu. 

dccussatus, F Linlithgow. 

stmt us, Y Ditto. 


Cephalopoda) 
Folytlialmia J 


depressus, Montf. 
■ vusiilitcs, Montf. 
un described .... 
imbrientus, U. . . , 
snlcatus, O 

. . . .Orthoceru gignntewn . 

cordiformo 

1 1 nr] libitum 

Jlreynii 

fusiform** 

ruictnin ....... 

CjreMim. Ma.it. . . 

iw-vi*. F 

jiyiariiidale. F. . 

c\ bn.l.ULi ' i.i. F. 
annulare. F. . . 
rugoMim, F. . . 
angular*. F. ... 
uttenuatum. F. . 
aide at um, F. ... 
11 n datum, F. . . . 
Hleinhaueri .... 

Conularia sulcata ..... 

tore* .......... 

Nautilus compUnutui . 

fientdowi 



'■milticasiiMCtua . 
hUohatua ...... 

pentggomii ..., 
tubercuUtui . . , 
ten 


Yorkshire, Weal morelaml. 


. Close burn. 

. Ditto 

. Clithero, Settle. 

. Ashford, Clithero. 

. Clithero, Queen’s County, 

. Clithmo. 

. Ashford. 

. lanlitligow. 

. Ditto. 

. Liv div'vtmu!. 

. I/:. iliti.gov, 

. Ditto 
. D.fUi. 

. Livingst.ine. 

• Ditto. 

. Ditto. 

. Ilal Way, Yorkshii c. 

, Krutoi, Hut hergleu,CoulhreokDiile 
. Scotland. 

• laic of Man. 

. Ditto. 

. York*lnre. . . * 

. Ditto. 

« Closebura, Yorkshire. 
.^Closehura, Kendal. 

• "Closeluiro. 

. Kendal. 


Ratingen* 

Namur. 

Ratingen, VisC 
Ratingeu. 


Xibi, 


Ratings n. 
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Family. Name. 

Poty tKalmfif } • • • •N«*Hu* VVoodwunlu 

sulcutus 

ingen* 

bioiiguUtus - 

*cariniferitf 

CixciivatiiH, F 

' marginatuR, V 

qunaraius, F. 

Luidti 

undcficiibvd 

Ammonite* stria (iim 

8 ]»bn*ricuM 

Listen 

undescribeil 

several new sixscies 

carbonariuR, G. ......... 

Hetislowi 


British 

Winstcr, Yorkshire. 

(’.astleton. 

Ashford. 

Bristol, Yorkshire. 
Yorkshire. 

Limerick. 

Bathgate. 

West Lothian. 

Ashford, Ireland. 

Sheffield. 

Buxton, Castleton, Craven. 

MilMnlc, Craven 

Middleton, &c. Sheffield . , 
Kcton. 

Yorkshire and Lancashire. 


Isle of Man, Yorkshire. 


Foreign Localities. 


Liege, Werden. 
Liege. 


Ditto, Werden, Weltin. 


Geology. 
Ch. II. 


The mollusCii of the carboniferous epoch are but 
imperfectly known, notwithstanding the labours of Sow* 
erhy, Fleming, am! others, and we can hardly venture 
to expect that the numerical relations of even the lead- 
ing divisions will remain unchanged, wheij the numerous 
additional species shall have been described. The pre- 
sent ratios are, gasteropoda about 55, cephalopoda 57, 
of which 16 are monothalamic, which are not very 


different from the proportions in the slate system. Above 
this epoch, monothalamic cephalopoda disappear wholly 
until new tribe* of them are recognised above the chalk. 
It is proper to mention that the situation which we 
assign to beilcrophon among the cephalopoda i* not 
admitted by all Naturalists. The names of the mollusca 
ave from Sowerby, except where other authors are 
quoted. 


Family. 

Crustacea. 


Annul jsa 
Fishes . . 


Naum. British Localities. 

, Asnphus Dalninnni, G 

Calyroene Derhieusis, Mart. .... Aslifurd. 

lunatu*, D. ....... Ironst. Mansfield, Notts. 

Cancer a cl aw Northumberland. 

Serpula rnnipressa Lothian. 

,lclitliyodorulitc9 (Mr. Ludlow,) Bristol, Ac. 

f Bristol, ‘Westmoreland, Northum- 

llU . I berland. 

Scales Caithness. 

Dipterus hrachypygei*terus Ditto. 

macropyguptmis Ditto. . 

Vulencieusii Ditto. 

mucrolepidotus Ditto. 

Osteolepis nmcrolepidotus ...... Ditto. 

luicrolepidotus Ditto. 

Su, / " In S™el of limi'Htone." North* 
U r u " 1 umbcrland. (('. V. Ilawourt.) 


Foreign Local i tie . 

llat ingen. 


General Summvjiy. 


560 species of organic remains, of which 6:2 ure stated 
to be found in the slate system below, and 8 in the 
liuxgnc&iau limestone above. 


iT«m*stri 

Plant a .... 274 spucierq jihout 1DU aru cryptogamous uud 40 

I ultaiH’i 


Polyparia . 
Kuril aria \ . 

Cbnchifera 

Mollusca . . 
Annulosa. 
Crustacea . 
Kiahe# .... 
Saurian . . 


30 , 
26 , 

112 

112 

l 

4 , 
10 ? 


piuincrogainouii. 

CVllnlifera 17, lamellifent 13. 

Amongst these echiuida distinctly appear. 

r iigymyona 25, roekomyona 17, brachio- 
poda70. * 

Gasteropoda 55, cephalopoda 57. 


569 w 

- Saliferous System. 

It has been shown that the consolidated deposit of 
coal was subject to theefl\2$t9 of a very general eruption 
of igneous agency from beneath, and that in this man- 
ner the whole arrangement of those deposits was altered, 
and many parts of the bed of the sea uplifted to form 
dry land. In the large but very irregular area left be- 
tween these islands of carboniferous strata, the sea 


began to deposit, limestones commonly charged with 
magnesia, sandstones remarkably coloured with red oxide 
of iron, and clays and marls of red, blue, and while 
colours ; the whole series being, in general, far from 
rich in organic remains, seldom travel seel by metallic 
veins, and not so much dislocated by faults as the older 
strata. Salt, in beds or nodules, accompanied by gyp- 
sum, lies very commonly in this series of rocks, and hence 
it may be termed emphatically the saliferous system. 
Generally, its stratification is wholly unconfbrmcd to 
that of the subjacent corfl measures, on whose elevated 
edges, breaks, and dykes, its planes rest level and uu- 
dbturbed. 

In the composition of this group we find traces of all 
the various operations of the sea ; limestones crystallized, 
compact, brecciated, conglomerated, and earthy, full of 
magnesia, or containing carbonate of lime with little or 
no admixture. Locally rich in organic remains, but 
generally devoid of them; sandstones coloured red, 
blue, or white, in stripes and spots, fine groined, coarse 
grained, or full of innumerable pebbles, derived from 
primarjr and secondary rocks; clays and marls of many 
various hues; both the sandstones and clays locally 
productive of the remains of saurian*, shells ami plants, 
but over large tracts wholly destitute of them. These 
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organic remains are partly analogous to those of the 
carboniferous system, and partly to those which occur 
in the more recent oolites, and the whole formation, 
though so peculiar in character as to he readily, and 
indeed unavoidably, separated from both those systems, 
offers by many resemblances, besides its intermediate 
position, a natural transition from the one to the other. 

This may perhaps appear to those who only have 
seen the saliferous system in England, where its total 
unconformity to the coal, ami dissimilitude to the strata 
above and below, are matter of notoriety, a proposition 
deserving further explanation. The facts on which it 
rests will he found in the following pages, and they will 
give reason to presume that when we have assembled 
data sufficient for satisfactory induction, those interrup- 
tions in the series which appear to indicate great and 
Midden revolutions will he proved to he merely local, 
and to nrbe from the omission in certain situations of* 
strata elsewhere deposited in great force. 

It has already been stated that in the Island of Arran 
the primary strata aie succeeded by a very thick series 
of red and white sandstones and conglomerates, and 
that coal measures and carboniferous limestone lie in- 
cluded in this mass like subordinate or local formations. 
The congloinciates below the limestone represent the 
old *ed sandstone, and the upper sandstones above the 
coal repiesent the new red sandstone lotmatiou, and it 
might he possible to include the whole of the carboni- 
ferous and sahierous systems of rocks together under 
the name of red sandstone formation. This is the view 
of the Mihjcrt taken by Von Hoffman, from observations 
in the Nui t h- Western part of (ieni.auv. wherein a mass 
three nr four thousand feet thick of red ami while saud- 
stoins, he the diminished strata of coal. 

Ncvciiheless, these cases, though affording very in- 
structive inferences as to the continuity of the operations 
ot Nature, sue not to be taken as general types of the 
seiies of stiata, and throughout the greater part of the 
British Islands, as well as in the South-East of* France 
and in ( «ei manv, the saliferous red sandstone series, 
with its iiu ompuiiy ing limestones and mails, is a dis- 
tort system ot stiata, characterised by peculiar fea- 
tures of mineral composition, and organic contents, and 
marked by a general aspect ol physical geography. 

In England, supposing all the paits of the saliferous 
svstem ot rocks present in one see! ion, we should have, 
reposing imconlormahly on die coal stiata, the following 
classification, beginning hum above. 

Pnrpli ►loured mails below (lie lias. 

Altcrn. minis <>t ini and bluish white marls, 
4 . Series of coloured with layers and no lules <»l jyy |, sum. 
mails Thin layers of argillo. calcareous stone. 

Red ntul bluish mails with gypsum and 
beds of rock salt. 

Red utid white sandstone, mostly fine 
3. Variegated red and grained, and often impregnated with 
while sandstone *»a!t. 

(Pcecilite of Cony beare ) j Red conglomerate, full of pebbles of older 
rocks. 

lied and white marls. 

Thin bedded compact limestone, with very 
little magnesia and few organic re- 
mains. 

Red and white marls and gypsuni. 

2. Magnesiaa limestone.' White, yellow, or reddish magnesian lime- 
stone in thick beds, cry stalh/ed.compact, 
or earthy, often full of sparry' cavities, 
and continuing marine organic remains. 

Marl slate, in thm layers, occasionally cn- 
** closing fishes. 


O G Y. r>09 

l. Yellow or purple sand ‘' xlrnno, y '’liable series of sandstones, Geology, 
uud sandstone an<l| s,in,U - an ‘ l cla )' s - of v.uimis tol.n.m, ir- If. 

Iimr l “ “I n thickness, ami much local diver- 

sily of ili.uacter. 

Range of the Saliferous Sy*tt m in England. 

Of the beds included in this airangemenl, the calca- 
reous strata are perhaps the least evtci^ive, yet, as 
usually happens, they are miM u-gul.ir ami continuous 
in their ranges, mid most consistent in ihui.u-tvis, and 
afford the best data for the classification of the otheis. 

By looking at Mr. Smith's, or Mr. (ireenoughN Geologi- 
cal Map of England, the extent of the range ot magne- 
sian limestone may be observed from the North side of 
the Tyne uninterruptedly to the Tee*, between w Inch 
river and a place called Thornton Wallas, it is known 
only in a few points, though probably it exists continu- 
ously beneath the superficial accumulations of gravel. 

From this point to (blborough, near Nottingham, its 
course is uninterrupted. 

Below it, in a narrow, irregulaily parallel I met to the 
West, reposing on all the members of the coal formation 
indiscriminately, runs the lower series of sandstones 
and marls, above on the East through Yoikshiic and 
Nottinghamshire ranges the conglomerate led sand- 
stone, and upon this lies, through Durham, Yoikshiie, 
and Nottiughainshno, the series of upper eolouied marls 
and gypsum. 

On the Western side of the summit lidge of the I’ambium 
North of England, the vale of the Eden is filled by the dismcl. 
new red sandstone formation, consisting principally of 
coarse or fine-grained red sandstone, and red marl 
above, with, in one place, a remarkable scries of conglo- 
merate, or rather hrecciated beds at tin* bottom, and in 
another a distinct deposit of magnesian lime-tone. The. 
former are seen at Kirbv Stephen in the angle between 
two lines of dislocation ami a (Void a very instructive 
point of comparison with ail analogous deposit m So- 
mersetshire, Known by the name of millstone It has a 
basis of red sandstone almost entirely filled with angular 
fragments of different sizes of the neighbouring lime- 
stone strata; it is disposed in vast uneijual bids, with 
large distant joints almost invariably ranging* Ninth and 
South, lies with a dip to the East between the. lines of 
two dislocations of the caihomferoiis limestones, to the 
violence accompany ing* which its own production was 
probably owing. It is not in gencial magnesian, yet 
some yellow beds probably contain that substance, and 
thus we are led to refer its pioduction to the date of the 
lower parks of the magnesian limestone. 

No further trace of beds analogous to the magnesian 
seiies of YoiKstiire and Durham occurs, in the West- 
ward extension of the new red sandstone group round 
the Cumbrian mountains, till we reach Whitehaven, 
where magnesian limestone anil congloineiate, lying in 
reel sandstone, are sunk through in the coal pits, and 
seen in the high cliffs against the sea towards St. Bee’s 
Head. From Professor Sedgwick's examination ot this 
district we learn that the section heie prc-cn led is more 
closely similar to that of Yorkshiie than \v;i. pieviously 
supposed, and that the following gioups me uniformly 
laid upon the coal sWcm. 

3. Y nr leg «t. «I ml samM-mt* of St Hce s Heath 

I Ri.l m.i:l aisi! or'*"". 

Magnesian Jurrstu <r s.nnefinies replaced l>y or 
ultei iiahiig ai'ii magnesian ism^hw elite. 

Magnesian t (uudumi-rntr*. unalnuriM’S to Omit 1 in 
flu. vak of ami laiioe- paS ui Yorkshire. 

1 L 
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Geology. [ Coarse reddish sandstone of great thickness on the 

C'h. II. i J whole unconfonnecl to the coal measures, but also 

| in part unconforincd to the rocks above, winch 
l lie in iU hollows. 

In their Northward extension beyond the Solway 
Frith to Dumfries-shirc and Galway, the red sandstone 
strata do not exhibit any traces of magnesian limestone. 
Midlund Beyond the Southern termination of that rock, near 
Counties. Nottingham, the variegated red sandstones and coloured 
marls spread themselves over the whole area between 
Leicester, Warwick, and Worcester, on the one side, and 
Shrewsbury, Chester, Liverpool, on the other, and 
extend Northwards to Manchester, Leek, and Ashbourn. 
Yet in all this immense area, except at Ardwick, near 
Manchester, and near Shrewsbury, we nowhere find 
any deposits analogous to the magnesian limestone. At 
Ardwic k a limestone is dug containing, us we have been 
informed by Dr. Henry, magnesia; and wc may believe 
that its geological situation is similar. In this neigh- 
bourhood also, as at Worslcy collieries, we appear to 
recognise the lower red sandstone of Yorkshire, in seve- 
ral places overlying the coal beds, and it is probable 
that further examination may extend these points of 
agreement. Near Shrewsbury, likewise, the coni strata 
are preceded by what appears to correspond to the 
lower red sandstone, and upon this lies a porphyritic 
m a gnes i an eo 1 1 gl o me rate. 

H„uih of South of Worcester the variegated sandstones and 
Kiigland. marls, the latter predominating, pass down the Vale of 
the Severn, fill up the winding intervals of the dislocated 
carboniferous limestone, partly cover the coal basins of 
Somersetshire, spread in the vales of the Parrel and the 
K\e, and reach the sea at Exmouth. 

The only parts of this extensive range where mag- 
nesian rocks appear distinctly, is amongst the limestone 
and coal tracts of Somersetshire and South Gloucester- 
shire. Along the sides of Meiulip magnesian conglome- 
rates of considerable extent separate the limestone from 
the red sandstone, and produce the ores of zinc; a simi- 
lar deposit, in similar relation to the older limestone, 
appears along the Avon below Clifton, and at Hadstock 
and other places it is pierced in the collieries, at or near 
the bottom of the red sandstone, and receives the name 
of millstone. Conglomerates of a very singular, even 
porphyritic, character occur near Exeter, in the lower 
part of the variegated sandstone and marls, and from a 
genet al review of the whole subject. Professor Sedg- 
wick classes the conglomerates of Exeter, Somersetshire, 
and Shropshire, with the lower or conglomerate portion 
of the inagiiesiun limestone of the North of England. 
Some doubt may perhaps yet remain as to the propriety 
of including in this system the red conglomerate of 
Exeter, which is hv Mr. Dc la Bechc ranked with the 
mthetodtclicgendc, hut in the other points the inference 
appears certain. 

From this view of ihe subject which we fully adopt, it 
would appear that the difference of the saliferous sj stein, 
in different parts of England, arises rather from the 
limited continuity of the beds, than from any great varia- 
tion in their quality or relations. The series of the sali- 
ferous system is perhaps nowhere more complete than 
in the interval between the Whnrfe. and the Dun, yet 
even here several beds are deficient. The marl slate and 
conglomerate limestones are better studied in Durham, 
the upper coloured mails are better exhibited in Not- 
tinghamshire, and the beds of salt must be examined in 
Cheshire. 


Remarks on certain Members of the Saliferous System Geology. 

in England . ^ Clu lb 

The variegated sandstones and coloured days of the Variegated 
British scries, being destitute of organic remains, and 
subject to no very remarkable changes of character, an 
what has been said will suffice for the purpose of com- 
parison between them and the analogous deposits in 
other parts of Europe. But before we proceed to this 
comparison, it will be useful to describe more particularly 
the general characters of the terrace of magnesian 
limestone, and its associated strata, which occupies so 
remarkable a range in the North of England. The 
table already given will explain the relation of the 
several members of this group, and we shall at present 
confine our attention to the calcareous portions. The 
most ample details on every point will be found in 
Professor Sedgwick’s Paper in the Geological Trans- 
actions. 

Immediately above the lower red sandstone in the Mwl slates, 
excavation for the Stockton Rail-road, were found in 
ascending order, (1.) thirty feet of light- coloured, sili- 
cious sandstone in thin beds, alternating at the top with 
blue calcareous slate. (*2.) Nine feet of yellow calca- 
reous shale and marl slate, some of the beds incoherent 
and sandy. In this marl slate about two feet above the 
sandstone were found many impressions of vegetables 
(ferns) and fishes of the genus palicothrissiim. The 
higher and more compact beds also contained products, 
spirifenp, and tcrebralulic. The shales or marls of this 
series are sometimes highly bituminous. (3.) Twenty 
feet of thin calcareous beds with marly partings. 

These slaty marls and limestones have a very irregu- 
lar extent even in Durham, and are imperfectly traceable 
in Yorkshire. They are perhaps best exhibited at Gar- 
forth Cliff, on the road from Leeds to Selby, where they 
are ftdl ofaxiuus obscurus, and contain a species of pro- 
ducts! not yet described. Deposits somewhat analogous 
are described by Professor Sedgwick near Bolsover. 

Little or no magnesia is found in this part of the 
senes. 

The yellow magnesian limestone whose extreme thick- Ydlow 
ness between the Aire and the Dun certainly exceeds 300 ^■I’^eshuj 
feet, exhibits the most astonishing diversity of mechanical 1,:msto 
structure, without a corresponding diversity of chemical 
composition or definite geological divisions. Several va- 
rieties yield upon analysis carbonate of magnesia and car- 
bonate of lime, in the simple proportion of atom to 
atom, (for example, the building stone of Huddleston 
and Warmsworth,) and in almost all the proportion ot 
imlguesia is large. In the Southern part of its range, 

Ihe structure of the rock is generally crystalline, and 
the crystals (rhomboids) being small, apd often tinged 
of a i eddish or yellow colour, the whole might be easily 
mistaken for sandstone. On the contrary, in the North- 
ern part of its range, a concretionary structure is often 
observed, and thus globular masses of carbonate of 
li.mc of various magnitude compose beds of stone or lie 
loose amongst a quantity of yellow, powdery, calcarco- • 
magnesian carbonate. But the variety of the appear- 
ances presented by this kind of structure is so great, 
that on entering a quarry near Sunderland we are 
struck by the organic aspect of the whole escarpment, 
as if it had been a reef of coral. On the coast of 
Durham beds of this structure appear associated with 
masses of brecciated limestone, but very irregularly, and 
under circumstances not easily explained, without sup- 
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posing the deposits to have been subject to repeated 
local and violent disturbance. 

Certain beds of this rock in Yorkshire and Derby- 
shire tire very compact ; in Durham some are composed 
of numerous thin, incoherent layers. In several places 
North of the Dun and near Tadcaster oolitic portions 
are distinguishable. 

But by far the most plentiful of all the varieties of 
this changeable rock, especially to the North of the 
river Wharfe, is a loose earthy mass of indistinct beds, 
with hollow geodes of crystallized carbonate of lime, 
and numerous veins or strings of the same substance, 
dividing the rock into angular cells, and helping to hold 
it together. This character of crystallized cavities and 
sparry strings is very common to the whole formation, 
and we occasionally find oxydulated iron, sulphate of 
btrnntian, or sulphate of barytes in these cavities. In the 
quarries at Weldon occur layers of silicious nodules, analo- 
gous to the chert lumps in limestone, in oolite, and green 
sand, and to the Hints in chalk. Veins of sulphate of ba- 
rytes cross the magnesian limestone in several places near 
Ferrybridge, and near Wctherby. Galena occurs in it at 
Mansfield and at Warmsworth near Doncaster in small 
veins, and in other places in detached crystals, as does also 
sulphuret of zinc ; carbonate of copper lines some joints 
of the rock at Newton Kyine near Tadcaster, at Wartns- 
worlh, and at Farnhatn near Kuaresborough ; muriate 
of soda has been obtained by Mr. Holmes from the red 
beds of Mansfield, and a solituiy lump of red rock salt 
was found iu connection with it near Pontefract. 

Organic remains of reteporae, cri noidea, brachiopo- 
doiis bivalves, and other shells of mollusca, occur in 
this rock, in by far the greatest abundance near Sun- 
derland in Durham ; they are much less plentiful in the 
upper parts of the rock in Yorkshire between the Dun 
and die Wharfe; and only a few species obscurely show 
themselves iu Derbyshire and Nottinghamshire. % There 
is a great analogy between the organic remains in the 
magnesian limestone of Durham, and those of the 
older carboniferous limestone, and it especially deserves 
attention that in this rock the genus producta is seen 
for the last time as we ascend the scries of strata, 
while no ammonite has yet been found in it. 

Above the yellow magnesian limestone is a series of 
gypseous red and white marls, fifty feet thick or more, 
and this is surmounted by the upper laminated lime- 
stone. 

This rock is not coextensive with the yellow lime- 
stone, hut 1ms a more limited range, scarcely extending 
beyond the boundaries of Yorkshire. It is most fully 
developed in the tract between Tadeustcr and Tick hill, 
and may be examined advantageously at Brotherton 
and Knottinglcy, where enormous quantities of it arc 
burned annually to lime for agricultural purposes. 

It here reaches to about fitleen yards in thickness, and 
is composed of a vast number of small irregular layers, 
separated more or less by partings of marl, and ob- 
scurely united into uneven and otten undulated beds. 
The stone is nearly devoid of magnesia, its substunce is 
usually compact, so as even to fit it imperfectly for the 
purpose of lithography ; it is remarkably full of dry 
cracks, which have dendritical faces, and small cavities 
lined with crystallized car.bouate of lime appear in the 
thicker layers. The thickness of the layers increases 
suddenly, or the beds become more consolidated towurd 
the bottom, and in this part the crystallized cavities be- 
come more numerous and larger, the stone is less com- 


pact, holds more magnesia, and is of no value for lime. Geology. 
The prevalent colour of the stone is a smoke -grey, which Cli. ft. 
is often disposed in spots or stripes, ami the separating 
marls are generally light grey, but often purplish, and 
further South reddish. 

Organic remuius occur but very rarely, and in the 
lower beds only. They are very imported in general, 
hut appear to be of the same species as others from the 
yellow limestones of the same vicinity. 

Further North, at Nos ter field, these beds change 
their aspect considerably, so as to resemble c losely some 
kinds of carboniferous limestone, a resemblance in- 
creased by the preseucc of products, and the occurrence 
of galena. About Doncaster this rock assumes a redder 
aspect, and contains some beds full ol magnesia. It is 
then said to be a hot lime , and like the product of the 
yellow limestone, is injurious if laid on the land in 
large quantity. 

The stony beds mentioned in the general classifica- 
tion of the saliferous system occur at a few points about 
Gainsborough in Lincolnshire, and Tux ford ixi Notting- 
hamshire, as we learn from Mr. Smith, who distin- 
guishes it by the provincial title of i caUrdone; and 
perhaps the hard white beds at Ncwnham in Glouces- 
tershire may be referred to the same rock. Its course 
remains to be further traced, and deserves attention as 
perhaps affording a term of comparison with the mag- 
nesian layers described by M. Klie tie Beaumont in the 
variegated marls of Alsace. 

The following abstract of Mr. Holland’s Paper in the Rock salt. 
Geological Transaction v, vol. i., will convey a good 
notion of the situation and mode of deposition of the 
rock salt in Cheshire. 

Cheshire unites with the Southern pari of Lancashire numetjr 
and the Northern part of Shiopshitv into a gieat plain, 1,1 th ‘‘ 
fifty miles long from Noitli to South, and about I went)- 1011,1 
five or thirty wide. It is bounded on the Bust and on the 
West, and interruptedly on the South, by carboniferous 
ranges of hills ; and the internal area is divided by two 
ranges of rising ground into thiee minor plains, which 
serve to conduct the Dee, the Weaver, and the Mersey 
to the Irish Channel. The laiige of Delaine ru Forest, 
on the West, and an undulated tract ranging nearly 
Westward to If ul ton and Huncnrn, define the diainage 
of the Weaver, and include the most abundant sources 
of salt. Scarcely any rock salt is found except in this 
limited tract. Oil approaching the estuary of the 
Mersey, the ridges which bound the plain approach one 
another at two points, and suggest l lie idea of the in- 
cluded plain having been once a lake. 

The salt which lies under this plain L found to 
thicken, at least partially, toward the contraction of the 
valley ; it docs not, however, lie beneath the whole sur- 
face of the low ground, nor indeed in one connected 
muss, but occurs in detached masses of limited area. 

The rock salt of North wich ranges Noith-Kust and 
South-West, and its breudth is about three-quarters of 
a mile. The upper bed is thickest on the North-West, 
and thins off* toward the South-East. 

Two beds of salt at Northwich, &c. 

Rock Balt . . 20 to 30 yurds. 

Parting of 1 , 

marls, &c. j 1 1 yar,w " 

Rock salt 35 yards known. 

The upper bed lias been worked through only alNorth- 
4 i. 2 


Three buds at Lawton. 
42 yards marl, &c. 

4 tout suit. 

10 yurds marl, &c. 
12 feet suit. 

1 5 yards marl, &c. 
24 yurds suit. 
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Geology, wich and Lawton. No marine exuviie occur over the 
Ch. 11. salt, or in any way associated with it. The purest part 
of the salt in the upper bed is about three or four yards 
above the bottom of the bed, and about four feet in 
thickness; the purest part of the lower bed is twenty 
or twenty-five yards deep in it, and five or six yards 
thick, below which the salt becomes earthy as above. 
This is the part worked. The salt is not stratified, blit 
divided into vertical prisms of various polyhedral forms, 
and different magnitudes, sometimes a yard or more 
in diameter. The sides of these prisms consist of pure 
white salt. Gypsum abounds in the marls associated 
with the salt, the most abundant variety being the 
fibrous kind. 

Mr. Holland supposes that what is now the salt field 
was once a salt-water lake, separated from the sea by a 
natural dam ; that the evaporation of the water caused 
the precipitation of the salt, and that it was afterwards 
covered with the laminated marls. To account for so 
much salt, he imagines that the sea might often overpass 
the dam. 

Pei haps we may say that there was here a lake of 
salt water, of which the deposit went on gradually, and 
that at intervals violent floods filling it with muddy 
matter, this was precipitated with gypsum, but without 
s.alt, hut that afterwards the water again subsiding, salt 
fell as before. If the floods came in from the sea, this 
might explain the correspondence in character of these 
gypseous marls, and those which elsewhere belong to 
the Keuper era. 

tfotluir.. \«». y<ls. ft. in. 

Xorlhwu-h. * a 0 0 Calcareous marl. 

2 *1 1 6 I militated red clay, 

it 2 1 0 *Iinhinited blue clay. 

4 1 ‘2 0 Argillaceous inurl. 

5 0 1 0 ’Mmliir.it oil blue clay. 

b *1 l 0 Red clay with sulphite of lime irregularly in- 

tersecting it. 

7 1 1 0 * Indurated blue and brown clay, with grains of 

sulphate of lime interspersed. 

8 4 0 0 Indurated brown clay, with much sulphate of 

lime crystallized in irregular masses. 

0 116 * Indurated blue clay laminated with sulphate of 

lime. 

1(1 110 Argillaceous marl. 

11 10 0 Indurated brown clay laminated with sulphate 

of liitie. 

12 10 0 *1 ml urated blue clay luminated with sulphate of 

lime. 

1.1 *1 0 0 *Indurated red and blue clay. 

M 10 0 Indurated brown clay, with sand and sulphate 

of lime irregularly interspersed through it. 
The fresh water (160 galluns per minute) finds 
its wuy through holes in this stratum, and has 
its level at 16 yards from the surface. 

15 12 0 Argillaceous marl. 

16 1 U 0 ’’’Indurated blue clay with sand and grains of sul- 

phate of lime. 

17 5 0 0 Indurated brown clay with n little sulphate of 

hme. 

18 0 16 * Indurated blue clay with grains of sulphate of 

lime. 

19 2 10 Indurated brown clay with sulphate of lime. 

20 25 0 0 Rock Sw.t. 

21 10 1 6 Layers of indurated clay with veins of rock salt 

( occasioned by water filtering) running through 

them. 

76 1 9 

22 36 0 0 Rock Salt sunk into 35 or 36 yards. 

English Geologists have, till lately, commonly be- 
lieved that rock salt was the peculiar production of the 
red marl and red sandstone ; but the mines of Wielitzka 


arc in green sand, those in the Salzburg Alps in lime- Geology, 
stone of the oolitic period. Ch. II. 

By fur the larger proportion of ordinary springs, from 
whatever strata they issue, yield muriate of soda, some- 
times in very lurge quantity, and it is important to 
know that bromine and iodine, which are stated to he 
always existent in the actual sea water, very generally 
accompany the muriatic salts in common springs. This 
is most remarkably the case with bromine. (See Phil. 

Trans . 1830.) The rock salt of Cheshire is perhaps 
entirely devoid of bromine and iodine, though the brine 
springs of the same district are found to contain both. 

The reason of this may be that the hydrubromic and 
liydriodic salts have not the same ratio of solubility as 
the muriate of soda. 

Saliferous System of Europe . 

We are now at liberty to consider the characters of General 
the saliferous system as they appear in the other parts view, 
of Europe, which have been accurately examined by 
Geologists. This comparison is much facilitated by the 
mutual understanding now so general between English 
and foreign observers, and the subject is made familiar 
to our countrymen by the published inferences of Sedg- 
wick, Volt/, and I)e Beaumont. The Rhine in its 
Northward course from Rasle divides into two unequal 
parts an immense area, in which the saliferous system 
manllis round the primary ranges of the Vosges, 
Scliwartzwald, Odeuwald, Spcs&art, Thuringerwald, 
and Harz mountains. The natural boinularie'i of this 
irregular area, are, on the West, South, and South-East, 
the French, Swiss, Swabian, and Bavarian ranges of 
Jura limestone ; on the North-West, the slate formation 
of the Ardennes, Nassau, and Westphalia ; oil the North 
the tertiary plains of Northern Germany. Over all this 
immense tract, the saliferous system contains a calca- 
reous stratum at present unknown in Britain, called the 
Miischelkalk, a rock which, in some of its external 
characters, particularly its smoke-grey colour, and 
association with marls, bears a considerable analogy to 
the upper layers of the magnesian limestone formation 
of England, but by the occasional abundance and 
general character of its organic remains is strongly as- 
similated to our lias. 

In several districts different portions of the sandstones Or^ni,. 
and marls contain organic remains both animal and vege- remain#, 
table, which are entirely distinct from those yet known 
to belong to the older formations, but greatly resembling 
those of the lias and oolites, *-o that tile foreign localities 
of the new red sandstone series supply us with those links 
in the chain of general Geological tacts which are want- 
ing in Britain, and for want of which English Geologists 
have been accustomed to view in too absolute a light 
the distinction between the carboniferous and the oolitic 
formations. On the other hand, in the greater part of 
the saliferous system on cither side of the Rhine, beds 
corresponding to the magnesian limestone of England 
arc entirely unknown. It is chiefly along the line of 
the South-Western face of the Thuringerwald, pro 
longed to the North-West as far as M linden, in the 
drainage of the Wescr, along the Southern and East- 
ern borders of the Harz, and on the North-West side 
of the slate formation connected with the Erzgebirge, 
in the drainage of the Elster, that the zechstein and 
rauchwacke represent on a greater scale the yellow 
magnesian and upper laminated limestone of the North 
of England* 
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Salt which, as above explained, occurs in England in 
beds only in the variegated marls, is found in one or 
other side of the Rhine in every bed of the system. 

From these remarks it is evident that there is a great 
general resemblance between the characters of the sali- 
ferous formation as it exists in Germany, France, and 
England ; but to make the differences equally apparent, 
it will only be necessary to fix our attention upon two 
districts in particular, viz., the Vosges mountains, 
which range to the North-East parallel to the Rhine, 
and the district in the North-East of Upper Germany, 
adjoining the Thuringerwald and the Harz mountains. 

The general succession of strata in the saliferous 
system round the Vosges mountains may be well seen 
on the road from Metz to Strashurgh ; and the minuter 
details of the beds have boon ascertained by those emi- 
nent Geologists, Voltz and Elie de Beaumont ; to the 
former of whom we owe the discovery of most of the 
vegetable fossils of these rocks, and to the latter a 
valuable discussion of the relations of the formations. 

Between the bottom of the oolitic system and the top 
of the saliferous system occurs, about Luxemburg 
especially, a peculiar sandstone, which has hardly been 
distinctly recognised in any oilier situation. Below 
this, in descending order, is the following series of 
strata. 

4. Variegated marls, Keuper of Germany, inarnes 
irisees of France. — Red, pale blue, greenish, &c., with 
gypsum occasionally intersl ratified, especially near the 
top, with beds of sandstone of different kinds, contain- 
ing plants of the families catamites, equisetacesc, lyeo- 
podiuccu', conifene, cyeadeie, &c\, univahe and bivalve 
shells, remains of snurians and chclonida. 

In these coloured marls, above the middle, lies a 
regular bed (six to ten feet thick) of extremely compact 
magnesian, j el low limestone, without fossils, and under 
it, in several places, black schistose umils ; in this part, 
also, gypsum is especially abundant. In several situa- 
tions, thin bands of reddish limestone occur, alternating 
with anhydrite. 

3. Mtischelkalk. — Limestone, generally compact, of 
a light grey or smoky colour, with partings of marl, 
containing peculiar encrinites, with ammonites, plugio- 
stomata, and other shells analogous to those of tile 
oolitic system, and remains of reptiles. Near Luxem- 
burg it is very thin, and may easily be mistaken for 
lias ; near Saverne it is much thicker, and more charac- 
teristic. At Boiirhoniie )es Bains it is a true magne- 
sian limestone. As before observed, it does not exist 
in England. 

2. Variegated red sandstone. ( Binder mndstein of 
Germany, grC'i bizarre of France ) — Extremely similar 
to the new red sandstone of England. This also con- 
tains, locally, abundance of organic remains, both animal 
and vegetable. 

1. The strata above named rest, in some places un- 
confortnubly, upon a vast thickness of red sandstone, in 
general much coarser, and more like a conglomerate 
than the variegated red sandstone; the pebbles of quartz, 
which it contains in abundance, appearing to be derived 
from the ruins of portions of the primary rocks of the 
range oflhe Vosges. Tile magnificent precipices down 
which the road descends to Saverne, among grand old 
woods and torrents, are formed by this rock, and the 
resemblunce which it bears to the old red sandstone 
conglomerate of Monmouthshire, is such as to bias the 
English Geologist strongly in favour of that approxi- 


mation. In other cases, and especially in hand spcci- Uedogy. 
mens, this rock appears to resemble the coarse red H» 
sandstone of Du m files -shire and of Penrith Beacon, and 
as these rocks certainly overlie the carboniferous series, 
this comparison may, perhaps, be exact. The Northern 
part of the Vosges mountains being wholly composed 
of these grit rocks, and coal beds being found at many 
points in the same vicinity, the incumbency of the red 
sandstone upon the coal is satisfactorily proved. 

The lower part of this thick arenaceous: group, which 
rests upon the coal series, is usually of a friable aiul 
fragmentary nature, containing admixtuics of pnr- 
phyritic masses, which strongly assimilate it to the red 
sandstone conglomerate of Exeter, and the icd sand- 
stone, expressively so called, of the North of Germany. 

The upper part, also, gradually becomes finer grained, 
and more like the ordinary variegated red sandstone ; 
but as in se\eral places this latter rock rests iincon- 
forinably upon the other, we are justified in adopting 
the opinion of Voltz and De Beaumont, that it is a por- 
tion ot the red sandstone series, almost peculiar to the 
Vosges mountains, and may, theiefore, be characterised 
as the gre* ties Vows. 

The Noith-East of Germany gives us the following North-Kail 
section of the salifei mis system. ofCn*r- 

5. Variegated marls {Kruprr, inarnes irisrts) with man *' 
gypsum, and the usual charactcis of the strata. 

4. The mtischelkalk, much as it occurs about the 
Vosges. It admits of subdivision into two, or, perhaps, 
three parts, which, according to Hoffman, may he dis- 
tinguished by their respect i\e t\pcs of organic remains. 

3. Variegated sandstone. ( llunttr sand dun, gras 
bigarre.) 

2. Zechsteiu, or magnesian limestone formation, con- 
sisting of the following members: — 

a. Uauchwacke, iische, stinkstem, &c. with gypsum. 

Coloured marls. 

I. Kupfwschndor and zechsteiu. 

1. Lower red sandstone, (JMhrfudleltt'geiuh 1 , gnis 
rouge,) which is often associated with porphy ntic 
masses like the red sandstone of Exeter. 

The following Table will show the relations of the 
three tracts. 

Rn r '1au(l. Fi'iivv. 

4, Variegated imirN. f>. Mai lie* iiimVh. 

4. Muschelkulk. 

3 ' 3 - 

2. Magnesian lime-| 

btone. / • * ■ • 

1. Lower red sand* I 2. (ir£s des Vosges. I 1. Kothetodtchc- 
Btoae. / 1. (ties rouge. f gendo. 

A more minute analysis of the zechsteiu and magne- 
sian limestone series furnishes the following comparison. 

Kurland. Ucinmis . 

Upper laminated limestone. Rtinkstein, Kauehwacke, ,Slc. 

Gypseous coloured marls. Culmucd mails and gypsum. 

Y el low magnesian limestone. Zechsteiu. 

Marl, slate, und fishes, or lime- Kupf'crschicfcr, and finite* of 
stone with shells. Mumdeld. 

Lower red sundstone. itothetodteljigenile.^Upi^rpart.) 

Oil fuililU'IOII. 

And we might by a diagram express the gradual 
change from one of these types to another, putting the 
Vosges section between those of England and Ger- 
many. 

With respect to organic remains it may be sufficient 
to remark generally that they are found locally in 


(«iMni:un . 

r> Keuper. 

4. MuscludKalk. 

3. Hunter sandstciu. 
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Geology, abundance in all the members of the saliferous series 
Ch. II. in Germany and France, while hitherto they have 
appeared in England confined to the two lowermost 
groups. 

Salt. It appears that the greater part of the salt beds of 

Germany occur in the muschelkalk, between Magdeburg 
and Osnubrtick, and in the Valley of the Neckar in 
VVurteinberg. At Vic, Baden, and Lons !e Saulnier, 
salt lies in red marl, ulong the North side of the Ty- 
rolcau alps in red sandstone, (Altenau, Bcrchtolga- 
den,) and it is possible that the abundant salt-works 
on both sides of the Carpathians in Transylvania and 
Moldavia may be established on this series. The salt of 
European llussia (Strangways, in Gcal. Trans.) is also 
connected with the new red sandstone; but the geological 
age of the salt amongst the sands (said to be red) of Per- 
sia, in India between the Indus and Chcllum, in Africa, 
New Holland, and North America, is at present a mat- 
ter of conjecture, though in the Valley of the Mississippi 
we recognise the characters of a red sandstone deposit. 
The salt of Cordova, in Spain, and various points along 
the line of the Pyrenees, appears to lie in green sand ; 
that of the Salzburg alps belongs to alpine limestone of 
the oolitic area, while in Sicily salt is found in sulphu- 
reous tertiary marl, and at Wielit/.ka it lies in tertiary 
strata containing a few shells. 

Circumstances attendin'* the Origin of the Saliferous 
System. 

Ittt marine From the preceding statement we may confidently 

origin. deride that the whole of the strata belonging to the sali- 
ferous system were deposited in the sea around the pre- 
viously elevated lines of older rocks. The mechanical 
aggregates of sandstone, and clays, and murls, do not 
in general show us those exceedingly fine laminations 
and indefinitely numerous alternations of different ma- 
terials which mark the coal deposits, they do not abound 
in such a multitude of spoils of the laud, nor contain 
extended layers of the reliquke of fresh water. Had he 
never Known of the local accumulations of fossil plants 
in the Keuper and variegated sandstones of the Continent 
of Europe, the English Geologist might have consist- 
ently doubted whether inundations from the land had 
ever disturbed the regular operations of the sea during 
this period. To explain this irregularity of distribution 
of terrestrial plants, it maybe supposed that inundations 
from the laud happened only in particular places along 
the margin of that ancient sea, or it may he said that 
the inundations being general, the growth of plants was 
limited. Willi respect to the accumulation of the rocks 
themselves, equal difference of opinion maybe indulged; 
tor if the remarkable absence, from the greater part of 
the area of the saliferous sytem, of any murine exuviae 
in the mechanical aggregates might favour the notion of 
the materials being wholly derived from the land, yet the 
mere fact of the extraordinary and connected extent, the 
remarkable uniformity of character of these extensive 
deposits , even where the more anciently elevated strata 
round which they were evidently formed arc of entirely 
ditferent nature, and their apparent independence of these 
boundaries of their surface, seem to prove either 1. that 
tlie materials were collected by the actiou of the sea 
itself; or 2. that when brought into it by other agents, 
they were for very long times exposed to its equalizing 
action. 

This long action of the waves upon the particles of 


the Hilicious and uluminous rocks and minerals which Geology, 
compose the mechanical aggregates and sedimentary II. 
deposits of the saliferous system, is also suggested by v— 
the amazing prevalence of the colour of peroxide of 
iron, which covers as a varnish so many of the particles ; 
and it is confirmed by the discoveries of the organic 
remains, since these are of such a nature as to prove 
that during the saliferous period the whole living creation 
of the carboniferous period came to an end, and was 
replaced by several peculiar tribes which likewise 
finished their career and yielded to the more numerous 
races which fill the oolitic rocks. 

The calcareous portion of this system presents us Prevalence 
with even more decisive evidence, front its organic re- °f •nague- 
inaiiis, of its marine origin, but the circumstances which 
permitted the accumulation of the magnesiau carbon- 
ates of lime are in great measure unknown to us. 

That they were originally deposited in the same chemical 
condition as we now see them, without the subsequent 
aid of any igneous operations, is perfectly evident ; and 
the occasional occurrence of pebbles and shells of the 
carboniferous system in the magnesian limestone, 
coupled with the known fact that certain beds of the 
carboniferous limestone contain a large proportion of 
magnesia, might lead us to conjecture that the one is 
derived from the ruins of the other. But, as Professor 
Sedgwick observes in discussing this subject, (Geological 
Transactions ,) all the magnesian beds in the carboni- 
ferous limestone would be quite insufficient for the 
purpose, and the crystalline character of the Mansfield 
and other varieties of magnesian limestone clearly nega- 
tives this mechanical solution. Beds rich in magnesia 
alternate with others devoid of that substance, the same 
beds arc in one tract magnesian, in another yield pure 
lime, and in general we must be content to shelter our 
ignorance under the statement that from some unknown 
cause the water? of the sea were then decomposed in 
such a way as to permit very generally the precipitation 
of united magnesian and calcareous carbonates — the 
possible circumstances of which must be intrusted to the 
examination of the Chemist. 

The salt and gypsum usually associated in this re- Salt and 
markable system present also their difficulties. Not gypsum* 
that it is hard to suppose the waters of the ancient sea 
to have been so evaporated as to permit first the crystal- 
lization of sulphate of lime, and finally of muriate of 
soda. But in this case we should expect to find almost 
uniformly over the whole area regulur strata of gyp- 
sum below, and regular layers of salt above, while, 
in fact, we more commonly find salt in great broad 
masses rather than beds below, and gypsum in scattered 
masses above. A general drying of the waters in which 
the saliferous system was deposited is plainly incon- 
sistent with probability ; and we must have recourse to 
local causes, something analogous perhaps to those which 
influenced the deposit of primary limestone. It may be 
conceivable that the solubility of muriate of soda in water 
is capable of diminution through the admixture of other 
substances in the liquid, or through the effects of great 
pressure, or of pressure and heat combined ; it may be 
maintained that the limited deposits of salt happened in 
separated lagunes of the sea, exposed to local desiccation, 
as perhaps in Cheshire. Mr. Lyell has still a different 
and less probable view of the subject. All these expla- 
nations assume that the salt was produced directly by mere 
crystallization, from waters almost perfectly analogous to 
those of the actual seas ; an assumption strongly confirmed 
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Geology. by the recent discoveries connected with bromine and in particular, we must be more exactly informcri of the Geology, 
Ch. II. iodine. ancient hydrography of the salt districts, which, in Ch. 11. 

Further researches, both Chemical and Geological, almost every instance, must have been \ cry different 
must determine between these and other theories, and from their present topographical feature*. 

Tabic of the Organic Remains of the Saliferous Systtm, 

The asterisk distinguishes such as are known to occur in other systems of strata. 

Plants. 


LnrnlHy in INroililii* 

Family. Name. Locality in Kcuper. Locality iu MusclieUvidk. SiuxUtour. I.iniustom*. 

Algm Fucoide. Brardii i Fra ," kl ' nll, -'K' 

sclagiuoides Muiu-ftdd, ditto. 

frumentarius Ditto. 

pectinatus Ditto 

digitalus Ditto. 

lycopodioules Ditto. 

Cryptogamia .Equisetum Meriaui Ntuie Welt near Basle. 

*columnare Wurtcmberg Sulzbail, or Soultz. 

. platyodon Frunkcn in Wurtem. 

Catamites arenaceus Ditto i 'W asm lone. Mar- 

} number. 

Mougeottii Mu r Hum tier. 

rcnuitus W assclone. 

Pecopteris Meriani Nuue Welt. 

*;trbori*scens Near A lit tin. 

♦uhbreviata * Ditto. 

Tamioptcris *vittata Nuue Welt, Stuttgart. 

Auomopteris Mougcottii Soultr, Wusselom 1 . 

Neuroptrris Voltzii Smdt/.. 

elcgans Ditto. 

(tiiillardoti Lunoville. 

Splnenopteris iiiyriophylluin Ditto. 

pul mot ta Ditto. 

Filicites Stuttgiirtensis Stuttgart. 

lanccolita Ditto. 

scoloprmlrioides Ditto. 

r ... ,, . | .. | l.islrl en iH'Hr M.iiik 

I.ycopcMUtes IhiMiiugnausn < ^ , j 

Cyeadese . . • .Plerophyllum longifoliutn None Welt. 

Mori. mi Ditto. 

.Logon Fr.mkon, Stuttgart. 

enerve None Welt. 

M.intollia oj lmdrica Ditto. 

Various families. Convalhirites erecta Ditto. 

nutans Ditto. 

Palfpoxyris regularis Ditto. 

Kchinostach} s ohlongiiH ..... Ditto. 

/Kthophyllum stipulare Ditto, 

Marantoidoa areuacca, Jfrgor. . Stuttgart, 

Voltxia hrevifolia Ditto. 

idcgans » Ditto. 

rigida Ditto. 

aouti folia Ditto. 

pteroph) 11a Ditto. 

Astorophyllitos P Imlhosa .' Tim . gi i u.i .1. 


»lil\ in 
l.iruustOiit 1 . 


Algn Fucoides Brardii 


f 1‘ riinkenlieig o*pp. 


C'ycadeie 


The following plants, which are well known in the 
coal strata, occur iu the lowest red sandstone. (Rothe- 
todtcliegende.) 

♦Lcpidudendron Sternhergii Ilinkelheim in the Spessort. 

•uubricatum Wenlcrl truck near Rothenhurg. 

♦Stigmurui Vclthcimiana Magdeburg? 

Other vegetable relics at Amrodc, Seibigkerode, be- 


tween Friedcburg and Rothenbmg, KyU'liacincr, Miis- 
dorf, Kndort. 

The names in this list art* taken from M Riongni.iit, 
who supposes the Bora of the variegated sandstone 
system to be of u peculiar type It is ccituiuly very 
analogous to that ol the succeeding or oolitic epoch, In 
its pterophylla and cquiseta, but the genus Voltzia is 
perhaps peculiar to it. 


Polypaiua. 

Nhiiio. Locality in M.igin*«liiii Liiuonloiio. . 

Gorgonia anceps, Goldfuss. GUlckubriimi in Thuringerwald. 

antiqua, G .GlUckshrunn. 

infuudibulifurniis. G Ditto. 

•Calamopora spongitcN, G Ditto, (and Ural.) 

Rotepora fluntracea, Phil Durham. 0 

virguluceu, Phil Ditto. 

Aatrica pediculata, D. 

The absence of polvparia from the muschelkalk is one of the characters by which it approximates to the lias. 
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Ch.II. 


Raduiua. 


Name. I^ocnlkty In Keuper. Locality in Musrludkalk. Locality in MpgnMian Limestone. 

Ophiura prtoea, Miln Vosges Mountains, . . . Baireuth. 

loricata, G Scliwenningen. 

Asterms ubtusa, G Marbach. 

Kncriuua moniliformis, Mil General in this rock. 

ramostis, Sclil * Glucksbrnnn. 

PentarrinuH dulmis, Gold . ? Rudersdorf. 

♦Cyathocrimni planus, Mil. ... Durham. 


Geology 

Ch. 11. 


Annui.osa. 

Nun*, Locality in Musohelknlk. 

Serpula valvata, G Baireuth. 

colubrina 

By its radiarin, amongst which no echinus is mentioned, the muschclksilk resembles the lias; those radiaria 
which lie in the magnesian limestone present greater analogies tn the older rocks. 


Co NT HIKE It A. 


I.nnilil) in Kcnpcr. Locality in Mu* lielk-ilk. 

, v. Albeit i Wurteniberg W lirtcmberg. 


I.orulitj In IVvcililic 
S.iudstone. 


K.oml>. Name. 

l*lii«r\ io)on a .Ciirduim |ipctinufiun, 

striatum, Schl Ditto, Gottingen. 

{ Weimar, Gottingen, j 

Wiirtcmberg, Hui-> Domptail, Soultr. 
reuth 1 

rnnirostiis*, Schl Ditto, Schwenningen. Wiirtemberg. 

sulcata, G Villingen. 

..... ( Gottingen, Morsbach, 

pn.mm.bdd { Lunvvillv. 

csirdiHsoidcH, G W ii rtemberg. 

l.rvigat.i, G Marbach. 

Guldfussii, v. Alberti Ditto. 

{ Weiinar, Wiirtcm-1 

berg, Upper Sile-j’ Sul/.bad. 

sia, Poland ' 

[ \V»i rtemberg, nearl 

elongata Schl ......Ditto ditto \ Wald shut, Upper r Sulzbad. 

k Silesia, Poland . . ' 
ventricosa, Schl Wurtemb Luneville. 

. .. c , . ( Marbneh, Upper Sile* 

nuctrmiV., Schl j ^ 

rng'isa, v. Alberti Rottweil. 

Modiula rniimtn, G Rottweil. 

acuminata, Sow 

Sedg 

<■ Gottingen. Wilrtem-1 


Lot alii y ti. M.ignc -t tu 
Limestone. 


Mi tilu. vi'tustiia, G. ) ( 1 

J ,,i„i,fur.ni S ,schi. } { \ZLnlT'. !: i r ’ 

? keratopliagus, Schl . . » ...» 

? str atus, Schl 

Hfpiii’nostis, Sow 

VencricartliaGoldfus'.i v. Alberti Rottweil. 

Saxicuva Bluinvillii, Ham ? 

Venus nuda, G Marbach. 

— Sedg 

Mactra ? trigoua, G.. . Ditto. 

Axinus obscurus, Sow 

Astarte ? Sedg 


Durham. 

Aberford, Durham. 


Area ina-quivalvis, G Freudenstadt. 

tumid a, Sow.. 

Cucullrea minuta, (* Villingen. 

sulcata, Sow 


Glncksbrunn. 

Ditto. 

Ferry bridgcYorkshire. 


Durham. 

Yorkshire, Durham. 
Whitby, Northumb. 

Durham, 

> Ditto. 


An uncertain bivalve shell is found in the rothetodteliegende at Mansfcld. 


Meaomyona a 


l’lagiostoma lineutum, Schl.... Wiirtemberg 

striatum, Schl 

rigidum, Schl 

laevigatum, Schl. 

punctatum, Schl . . . 

? Sedg 


{ 


Morsbach, Michelstadt 
Gottingen, Wiirtem* 
berg, Baireuth, Wei* 
mar. 

Very common. 

Jena. 

Morsbach. 

Gditingcn, Gotha, 
Weimar, Baireuth, 
Toulon. 


i 

i 

s 


Ditto. 
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Family. 


lvoruhtv iti Kt*up« a r. 


.i'll > in I'n'cili; 


.ill!' 

i u 


Mesomyona. . Avicula socialis, Sclil.. ....... Sulz oil the Neck.ir | ^ j ^bbad, Dnmpt.ul. 

subcost nt a, G Ditto Wiirfeinhcrg, Dairuu>]i. 

1 meat a, G Ditto. 

crispata, G FricdiicUshall. 

Bromiu, v. Alberti Yilluigen. 

cust.it a Sulzlmd. 

gryplueoides, Sow Durham. 

Posidonia Kcuperiann, Yoltz . . Swabia, Hall, 
minuta, v. Alberti Kottwcil. 

Oi»trea P Whitby. 

plucunoidcs, Miiu B.ihruth. 

Hiibauomia, M Ditto. 

renifurniis, M Ditto, 

diilormis, Sclil ^ udemherg. 

multicostatn, M Wurzburg. 

coMiplieata, (1 Baucuth, \ lUuigen. 

dcccmcostata, M Haircut li. 

sponil) Ionics, Schl Vciy general. 

cointa, (* Kottwcil. 

. I Botiihiuiiic les Dui ns. 

l>lc"ir(iiiLctiluH, Schl | I.imcvillc, 

Gryphnsi ? prixcu, G \ lllingen. 

Fcctcn roticulatus, Sclil Gottingen, Gotha. 

Albert ii, G. . . Yillingen, KudciMlurf. 

( \\ iiilcuibci g, liai- 

llCVlgatllS, (t; * 


Jkirrhcim. 
Kottwcil. . 


{ renth, Gotha. 
r \\ urtembeig, Folilcn, 
[ &c. 


Tercbr.itula communis, Bose.) 
vulg ct sublot. Schl.. j 


. . Kottwcil. 


Gliickshnmu. 


discitcs, Schl 

Pcrna vctust.i, G 

Brachiopoda . Lingula tcmiissim.i, Broun 

OrbicuU spcIuiuMii.i, G - 

{ Gottingen, \\ iulcin- 
bvrg, Luncvillc, 

Bourbonno lea 
B. i ms, Toulon. 

perm alii, Sclil J«.Mia. 

siitll.it >i, Schl D‘tt * 

orbicul.it a, Schl. Near Jena. 

crist at a, Schl Kop*cu. 

elungatn, Schl Schmerhacli. 

coinplanat.i, Sclil Gera. 

intermedia, Schl •. Kop«*cu, Schiverhacb. 

inflata, Schl D tto, ditto. 

lacnnosii, Schl Ditto, ditto. 

paradoxa, Schl * Sehmoih.u li. 

pclargouata, Sclil Ditto. 

J I.eimxfcin near 

py t mi.ci. Sclil { Sclnnalaalili u. 

several species Durham. 

Dulthjris, »|>iriii-r, Sow I . Viliin.Mii. 

Municiiculans, G. . ..j 

tribunal is, Sow Kupseit. 

uiidiil.it ns. Sow Dm ham. 

inulfiplicatus. Sow Ditto. 

mi n ut us, Sow * • DiMo 

f TI1.1I1H1 r, (■ olclids- 

Loptxna, or Product a 1 

aculcata . . . . J 

apeluncaria, Schl Kopscn, Gluek.xhjium 

ru-nsa, Schl Hops. n. 

aiitupiutd, Sow Dm Imm. 

calv.i, Sow Ditto. 

spinas, l, Sow Ditto 

*longispina? Sow Sclisnerhuch. 

N.B. A species of torch ratal a ? is found in the rothetodtvliegcnde at Mansfeld. 

The general result of an examination of the fossil conchifcra ot the saliferous system, is, that in the upper 
strata a general analogy to the oolitic era can be recognised by the trigoniir, plagiostotnala, ostrea*, Ac. ; mul m 
their products and spiriferai the lower strata as distinctly claim affinity with the carboniferous limestone. 


j TlialiMi r, (i 'ildd\- 
/ henn, Budirigen, 
j Logan .on C^iiciss, 
l Dm ii. mi. 


Tamil y. 
Ilolustonuiia 


VOL VI. 


Gasteropoda. 

Name. Locality ill Keujicr. J.oc.ilily m Mubchelkalk, 

.Calyptraca discoides, Sold Yillingeii. 

c,H :Sf } »- 

Dcntalium torep latum, Schl Got: ingen. 

tore, Schl I n "'"' 

* ( JI.UICUlJl. 


DjcalMy in l*.rriliCi" 
S.lllfl- It'll* 


1 M 


’till in M JMICM .11 
i.i«i.i--if>ni- 


Geology. 

c;h. it. 
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Family. N.une. 

Hulustonnita .Troolms albertinus, G 

DUuinitoin.ma <* 

Turbo ? dulmis, Mi'm 

P gigantcus, Schl 


Locality in Keiipr»r. Locality in Minrhelkulk. 
Rett well. 

j Secwangcti.Rirdcrn, 

I near Walilshut. 

JVeivangen. 


Turritcll.i ohsolet.i, Schl 

deperdita, G 

dctnta, CJ 

scalutn, Schl 

v terehralis, Schl 

Kcholen 

undi scribed 

Melania* 

Solenostom.itu Buccinuin turhiliniun 

grogirium, Schl 

ant up mrn, G 


Weimar, Gottingen. 

Wfiaiar. 

(adinbach. 

j Win tnn berg, Uil- 
\ dersdorf. 

Weimar Domptail, Sulzhad. 

Sulzbad. 


< W urteinherg, Si«- 
wimgen, Kiiders- 

(itii r. 

Rudersdorf. 

* Sulzhad. 


Ixirnlity In Magnesian 
Limestone. 

Durham. 


(Yorkshire, Durham, 
l Derbyshire. 


Yorkshire. 

Durham. 


Geology 

Ch. 11. 


Cephalopoda. 


Nnni«\ Lucidity in Muschelknlk. 

Nautilus hidomatiM, Schl Weimar, Rudersdorf. Gottingen. AViirtemberg, Luneville. 

nodosus. iMun Franken. 

Ammonite. imdosus, Sclil Weimar, Gottingen, AViirtemherg, Lorraine, Toulon, Tarnowitz. 


hip irlilus, (Lull, 
semipaititus, Schl 

Rhvnthohles Gail 1 aid oti d’Orb., Jena, 




Luneville. 


hi i undo, Fauv. 


dtingon, Wiirtcmberg, Luneville, Rchaiuvillerw. 


Wuiteuiberg, Luneville. 


These cephalopoda are characteristic of the ninschelkalk. The ammoiiiles belong to a section of that im- 
inermii “viiiis distinguished by peculiar solutes. (See Von ttuch*s Kssay on the subject of the sutures of am- 
monites. (Atm. drs Sri. Nat.) 


Crustacea. 

Name. Locality in Muscludkidk. 

Falinurua Suorii, Dcsm .Vdlingen, near Sa.u briick, 

u 

VCRTKRRA1.IA. 

N-unr. T «». :il it y in Sniper. Li. -ility in Mum brlk.-lk. Locality hi M^iu^in Limestone. 

,, , ( Seidniaiinsdorf. Nciises. Sei- ) . , 

1 ; { .lu.Ksla.lt, near CulmrR. ... } R " rc,,,h -. 

r.il.i.'thiisuim, Kl.iin. 

I* « i 'i , ! , iH*i , jih.ihim. HI M.insfeld, Durham 

m minim, HI Ditto, ditto. 

imeipulohiiui. HI Kutheiilmrg, near Autun. 

nuKiMpterum, Hruiui Thuringen. 

pnwim. HI Kothcuhurg, near Autun. 

blenniiiidi'S Mall Munstidri. 

• leg-ins Durham. 

Fii'islcbcuse. HI M.insfeld, Hesse. 

Stiomatcus m.ijor. Hi # Hesse. 

gibbosiis, HI North of Germany. 

t i L unetheiii, HI Kisleben. 

Seefeld in Tyrol. 

Chii'liMbm ■* Durham. 

Other fishes Scefeld. 

Teeth of Si pi. ih is Raja Wurtemherg Wurti mherg, Rudersdorf. 

Thc‘ e remains of fishes lie in nuirl or copper slate at the bottom of the zechstein and magnesian limestone 
formation. 


Nauui. Locality in Keeper. 

Phytosaurus rylindricodon, Jag. . Boll, 

cuhicodon, J»g Ditto. 

Mnstodonsaurus Jangori, Hull.. . « Gnddorf. 

Ichthyosaurus Lunevillensis Wurtemherg 

Dlodosaurua Dtlrrheim 

Crocodilus 

Monitor antiijuus, Cuv 

L.ugo saurian 

Chehmia 


LocaliU in Muschelkulk. Locality in Magnesian Lfmcstona. 


Lunevilla, Wiirtemherg. 

Wil rtemlwrgjBaireuth, Riidcrsdorf. 
Rudersdorf. 


Luneville. 


I Mansfeld. Rothenburg, GlUcks- 
l brunn. 


Ditto. Hiudloclier, and Leineck* 
erhurg. 



Geology. 

Ch.II. 


liEOLU G Y. 

(ir.NJSHAL SlIMAlAIlY. 


oiy 


Plants Marine 

Cryptogamia 

Gyinnosptnnm, &c. . . . 

Zuophyta . . . Polypana 

RaJiaria 

Articulosa. . . Annulosa 

Crustacea 

Mollusca. . .. Conchifera plagyinyona 


Fishes . 
Reptiles 


mesoiny 011 a 

bruchiopoda 

Gasteropoda holostomata . . . 

solenostomuta 

Cephalopoda 


G ; wholly confined to the zechsteiu. 

23 ; of which six are slated to occur in other systems of strata. 

7 ; all confined to the zerhstein group; one found m another system of strata. 

/ ; confined to the musdiclkalk and zeehstem ; one repeated in caihoinferous limestone. 
1 1 in muHclielkalk. 

.12; eight of these occur in England in magnesian limestone. 

32; tlnee ot these occur m England in magnesian limestone. 

28; eight ot these occur in England in magfesi.m limestone. 

17 ; four ot these occur in England in magnesian limestone. 

f». 

15 ; four occur in England in magnesian limestone, 
if. 


(■•‘ology* 

t'h. iL 


20. r ) ; of which about thirty occur in England in magnesian limestone. 


Disturb ancts of tin ■ Sal if rous System. 

In England dislocations of a \ery extensive nature 
arc but rarely exemplified in strata more recent than the 
coal measures. It appears that this part of the surface 
of the Globe enjoyed a long and randy interrupted im- 
munity from those violent agencies which had previously 
shaken its strata into such distuibed positions. A few 
faults in the magnesian limestone range of Dm ham and 
Yorkshire, as along the line of the great whiudykc 
through those Counties, in the country between Don 
caster and Ferrybridge, and South of Doncaster, may 
be mentioned rather ns exceptions to the general rule, 
effected in some indefinite portion of the long peiiod 
succeeding the deposit of coal ; and the curious parallel 
faults of Aust el iff on the Severn, which a fleet both 
the lias and red marl, desene attention, in connection 
with the law formerly laid down of faults underlying 
depressed portions of sliata. (p. fill.) 

Neither on the Continent of Europe are the dislocations 
of the saliferous system so remarkable as those of the 
older strata. In the Vosges mountains we have, how- 
ever, a splendid example of a dislocation on a gieat 
scale, by which, in a direction North' Fast and South- 
West, the lower strata of this system (g > <'s des Vosges) 
are thrown up into hold mountains, while the upper 
beds of the same system (muschclknlk and kcupcr) sue 
left several hundred feet below the magnificent escarp- 
ment. In fact, it appears that this eruption happened 
during the saliferous epoch, after the dale of the givs 
des Vosges, and before the muschclknlk and kcupcr 
were deposited. 

In the South-West of Brittany, in Da Vendee, in 
Morvait, l)e Beaumont describes dislocations which ap- 
pear to have preceded the lias ; and from observations on 
the Bohmerwald and Thuringerwald it appears that the 
elevation of these ranges of mountains followed the 
saliferous epoch, and preceded the lias and oolites. Of 
the same era are some dislocations defining the primary 
ranges near Avallou and Aulun. 

Several cases, then, appear to show unconformity and 
interruption of continuity between the variegated marls 
and the oolitic formation above. But these are but local 
effects ; parallelism of strata generally pi c\ ails between 
these contiguous systems, indicating freedom from gene- 
ral disturbance, and in some instances, especially in So- 
mersetshire, the frequent changes of colour in the upper 
red marls, and finally the interposition of a purple or 
black marl, which is not more related to the lias than to 
the saliferous system, appear to show thut even in the 


nature of the deposits there is nomoie decided dilferenre 
between them than between any other successions of 
strata. 

Oolitic SystiUi. 

The oolitic system of strata has fiir the most part its 
ranges parallel, and its declinations arcoidant to the 
saliferous rocks, and was deposited m the same maiioe 
basins 'file general cliai actor of the rocks, and ihc 
nature of the oigunic remains is however eMicmcly 
different, but the change from the one sy-i.-m to the 
other, though seldom to be called giudual, i' aieom- 
phshed bv remarl. able repetitions. In parheul.ii. the 
nmschelkalk of Gel many and France represent^, even 
in miiicralngic.il character-, hut most de» idcdly in its 
suite of organic owim.c, the lia**, which is .i i the b:i »■ 
of the oolitic system. Thiuiigh all the m.i-s of the 
oolitic system, (ousistuig; of vinous limestone n days, 
and sands, the most rctnuiknhlc repetitions oe» ur. r l lie 
mass of lias contains beds very neatly appi oai lung to 
the ferruginous ini'eiior oolite; tlnee or torn sepai. tic 
beds of very similar oolite, sound beds ol sand and 
sandstone also remarkably analogous, and many thic k 
strata of clay hardly distinguishable except by their 
organic rcliquim, make up this vast argillo-aienaccn- 
cideareous mass, of which the top changes, by lepcalrd 
i lit i od net ions o'f green sand layers, to the real crel.iuous 
system, as the bottom has been before shown to be con- 
nected with the saliferous group. 

The composition of this system varies much in diffe- 
rent ( 'ount lies of Europe, according, probably, to the 
differences of depth of the oiiginal wateis, proximity to 
land, to mouths of ancient rivers, &c. In consequence, 
while on the herder of Swisserlarul it is almost wholly 
calcareous, in Westphalia and in England its limestones 
are much intercalated with clay, and occasionally with 
carboniferous sandstones and shales, hardly to be dis- 
tinguished from those of the older coal strata. A re- 
markable absence of metallic substances is a character 
of the calcareous portions of this system (excepting this 
lias) in all its extent. 

The most distinct classification of the oolitic system 
will l>c obtained from the combined section ot the Eng- 
lish series; for though the total iliii l>m\s of the deposit 
is perhaps greater in the South East ot I 1 ranee and in 
Swisscilaud, the number of divisions is there Ass, the 
muss more uniformly calcareous, and the paitr. less cha- 
racteristic. , . ^ 

The oolitic svstem of England everywhere admits of 
4 M 2 
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Wealth'll forma- J 
tinsi. 


Upper or 
hr.nl uoli'e 
utiou. 



3. Mobile 


fhe folk. wing mode of subdivision, though in some 
tracts parti v_ul;ir on j>^ aic concealed by unconformity 
or entirely wauling. 'Flic groups are placed as they 
occur in n.itmv, or the series is descending. 

Vsiries of clays, kiiiiIsIuul's. ami limcvtnin**.. 
mostly uf fluviatilc origin, siml eoiilaiuiiig 
ri mams of luml and ti ydi-water unim.iK anil 
plants, deposited in esti.ui ivs or oilier lnral 
hollows of the really maiine poll ion of the 
oolitic system. 

Cab-arums, sometimes oolitic rocks, associated 
with grevii and iiony sands, remtiu^ on blue 
clay, altogether niaimc deposits. When the 
Wealden formation is absent (as happens in 
the greater number of instances) this tvnui- 
nafes the, whole system, and graduates into 
the crvhiceoiis rocks above. 

(■o isist in ,' 1 of oolite and other limestone sti at. i, 
i avoided in calc.ireoiis giitstunes, and rest- 
ii'a? on blue clav and calcareous gritstone: 
a! tog* flier marine deposits. 
iH'isting of two or ni ne htratn of oolite, 
Mitli other calc.iiiMtis beds, and alternations 
of Mini's a. id clap, whiih in particnlar dis- 
ti irts enlarge tliem.selves iutoieal coal tracts. 
Altogether online and littoral deposits. 
Consist mg prim ipally of ui gillaceous clays, 
nwrc in less laminated, and including, espe- 
n illy in the lower pait, bn vis and nodules of 
geneially argillaceous limestone, and m the 
upper put hands and strata fei lugmous, 
calcareous, and arenaceous, which stiongly 
lesemlde the bottom of the lower oolite for- 
mation. 

Oolitic System. 

A further analysis of these formations piesents us 
with the following details. 

If Kin/ i /ay Th.t !. blue clays gem rally des- 
titute of ( rganic remains, ejwee; t in ceitaui 
Cid'.ueoiiv ht.<U, which contain fierile water 
Weablen forma- shells. 

turn of Kt 111. Hnsthu/s ' TIrek seiies of sandstone", 

Sussex, and Willi piutsngs of rl.iy, and nuhouhn.ite heils 

Ilampahnc. of limestone, with hones of s. moans, flu- 

viatile shells, and laud plants. 

I'urbvi'k l/f'th. l>lue days and laminated 
limestones with 11 niatih* shells. 

\ Purttund no/itr. Oolite and e.iithy and com- 
pact lime-tunes with marine shells, and 
Inters of nodular chert. 

Upper oolite S/t ifovcr san.L Calcareous s.uid and concrc- 
tbi malum of tions. 

iNulland, Wilts, Kuh nu~ clay. Thick him? clay, bittitni- 
Hii'-ks, JSerks, lams, with jeptorio mid maiine lein.mis. 

and especially m the lower part, hands of 
sandy concretions, thus establishing a gra- 
dation to the next system. 


1. bias foimoi.oii. 


!. Middle ■.% £ \ 
oolite forma* *2 
tioil of Ox - ;j 
foul, Jivrk- 
shire, Yerk- 
sliie. JU*. 


h r * 


5Js 

. Lower 's ^ 
oolite forma- *52 "T 
tioil in (don- .£ 
cestershirc, 5 i> i 
(Kfoidslme, ^ *£ 1 
and North- r~i1z 
amptuiishire * 
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Lias format ion 
in Yoik.sluic, 
Noillminptoii- 
shne, anil Sa- 
int 1 set shire. 


Forest 
imii hie 
group. 


Upper calcareous grit, with marine fosnils. 

Coiallinu oolite, so mimed from two or three 
separate bedu of ii regular occurrence, rich 
in zoophytic exuviir. In the lower part 
the beds alternate with those of the next 
rock ; all of them coutain marine exuviuc. 

Clay It) feet. Lower calcareous grit, with 
marine Bhells, graduating below into the 
Oxford clay. 

Oxfoul clay, with septarla, fossils, &c. ; this 
lower part a subordinate bed, called 

Kelloway rock, which is a culeureous grit, 
(rarely oolitic.) very rich in fossils. 

Blue clay dividing Kelloway rock from the 
cornbrash. 

Uornbrash limestone, a coarse, shelly rock of 
variable and small thickness, but remark- 
able continuity. 

/Sand with concretions of sand- 
stone uml nodules of fissile aic- 
unceous limestone. 

Uuaisc shelly oolite, in boine places 
si it) 

Sandy clay or giit. 
llliie clay. 

A calcaivous and mostly oolitic 
' ness ami 
upi er 

shelly. 

aria and clays with 
beds of soft marly or 
limestones and shells. 

A coat so, often very shelly lock of 
limestone, irregularly oolitic, 
occasionally intcilnminated w ith 
sand, especially in the lower part. 
Fen nginous sand w.th concretion- 
ary iiKisMbuf sandy limestone 
and shells. 

Upper lias clay in shale, fullofbelemnites and 
other fossils, intercalated with 01 graduat- 
ing to the sand above, uml in sonic cases 
containing nud-des and hands of limestone. 

Mai Kt one. A suite of calau eons, sandy, and 
iiony beds, vii v rich in fossils, and much 
analogous to the lowest bed of the lower 
oolite formation. 

Lower lias day or shale, full of fossil ie- 
mains, interlamiiiated with bands and no- 
dules of limestone, especially in tlie lower 
pait, whcie n collection of these layers con- 
stitutes the lias rock. 

Li.»s lock. A ‘■uite of laminated limestones, 
with partings of clay, blue, grey, and 
white, the former in particular containing 
grjplutcs and other shells; the latter 
usually devoid of organic remains. This 
rock is sometimes consolidated into a united 
mass, and sometimes divided into separaln 
portions. It rests 011 the red mail in tho 
North of England, and on blue, black, or 
purple marls, winch cover that formation 
in the South of England. 


'linn: t my . 

/A calcaivous and mostly 
(Jrvat I ruck, of \aiiahlc thick ue 

oohte. J changeable natuie, the 

l beds shelly. 

Fuller's f A senes of mm 

earth < included bed 

group. I s mdy limestu 


Tufeiior 

oolite. 


e tf The lias formation is observed on the Soul hern coast 
of England. at Ljine licgN, fioin whence passing* uiulcr 
the mtcnnfi.i triable given sand of Blnckdovvn, and sur- 
rounding the inegulur elevations of carboniferous lime- 
stone in fcumieisetshire, it tangos uninterruptedly by 
Hath, (i Ioncestcr, Leicester, Newark, and Gainsborough, 
to the Humber. At this point the course of the oolitic 
system is very much narrowed by the overextension of 
the chalk ; and at Bishop Wilton the chalk rests on the 
lowest putt of the lias formation, which has a superficial 
breadth of only a few yards. It, however, expands 
again towards the North, and shows itself very com- 
pletely developed on the coast of Yorkshire. Detached 
portions of this formation accompany the saliferous 
system in Glamorganshire, and lie uneonforuiahly in the 


hollows amongst elevated ridges of carboniferous lime- 
stone. 

Through the whole of this range some general physi- 
cal features, almost constant ininernlogical qualities, and 
prevalent species of organic veliquia*, fix such a decided 
character upon the lias formation as to establish a good 
geological horizon for the guidance of the English ob- 
server. 

The country which it occupies is in general a broad 
vale at the toot of the escarpments of oolite, and termi- 
nating towards the red marl by a very connected range 
of uniform low hills. A considerable portion of the 
steep slope of the oolite escarpments is occupied by the 
lias ; and in the Midland Counties, particularly, owing 
to the action of currents of water, detached portions of 
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Cuolngy. oolite crown the summits of many insulated masses of 
the upper lias shales. 

r ~ v ~ n_ From the coldness and stillness of the soil, much of 
the surface of the lias clays remains in pasture, for which 
it is particularly well adapted ; and where the plough 
has in former times been employed, the land is thrown 
up into very high lidges (or the sake of surface drain- 
age. Water is scarce in this tract, and, because of the 
abundance of pyrites, often sulphureous or ferruginous, 
or impregnated with purgative talts, as sulphate of soda. 

A general tendency to an argillaceous type belongs 
even to the limestones of the lias formation, and its clays 
more frequently exhibit a schistose strut tore than the 
other clays of the oolitic system. Layers and masses 
of jet arc frequent m it, especially in the Noithmi j nit 
of its course; pyrites is one of its most abundant pio- 
ductions, especially in connection with ammonites and 
other shells, and sulphur in some parts is so pic\alenl 
as to furnish a valuable manufactuic of alum. Many 
fruitless trials for coal along the line of the lias clays 
are upon record, to sene as a warning to those unac- 
quainted with Geology. 

Very remarkable organic exuviic belong almost 
equally to e\ery part of the English lias. Skeletons of 
samian and chelonian reptiles, several species of scaly 
fishes, abundance of ammonites and belemnites, plagi 
^ ostomutn, gryplnere, Ac. and consideiable quantities of 

tile wood of coniferous trees, enable the Naturalist to 
form very reasonable views of the state of the ancient 
land and sea when this formation was in progiess, and 
serve not only to identify it in all puits of England, but 
even over a large part of its extent in France and (ier- 
lnany. 

Nevoi tlieless, there are impoitant geographical pecu- 
liarities connected with the lias of England, which de- 
serve a short analysis, the belter to enable us to perceive 
the ciieumstaiiees under which the ancient set! i men taiy 
deposits of the sea took place. 

Jdus .n The section ol the lias, as it exists in Yoikdiirc and 

Yi ikshiri', Lincolnshire, is peculiarly instructive and complete, and 
forms an excellent typo with which to compare the de- 
tached portions of the formation in North Riituin and 
the South of England. We shall take the groups in 
the ascending older of their antiquity. 

Lias limestone. The calcareous beds included in this 
division arc in the North of England ury distinctly 
divided into two or mote portions separated by consider- 
able thickness of clay. 

1. The lower limestone. 10 to 20 feet thick, is not 
tiaced further North than the Humber. It consists of 
compact blue or grey limestone, generally laminated and 
shelly, with partings of whitish clay or marl. It rests 
immediately upon the red marl and gypsum. 

2. Flay, 50 to LOO feet, with layers of nodules, often 
septariate, full of pentacriuites, ammonites, plugiostu- 
mata, &c. 

3. Upper lias limestone, 12 to 20 feet, in rough, 
shelly, coarsely laminated beds, separated by partings of 
clay. Tile colour usually brown, but in wet pits and 
before exposure to the air internally blue. Hut the 
most lemarkable character of these beds is the astonish- 
ing abundance of gryplucu iucurvu which they contain, 
or rather of winch they almost wholly consist. In se- 
veral paits of Lincolnshire the roads are mended with 
the most beautiful specimens of this fossil, and for miles 
together hardly any oilier shells can be collected lioin 
this part of the lias. 


G-2I 

Lower lias clay or shale, 300 to 5U0 feet thick, a Ga»U>gv. 
dark homogeneous clay or shale, with many layers of (’li.il. 
argillo-calcaieous nodule--, seldom containing shell*-, ^ 
and in the lower part lough sandy beds. Coniferous 
wood, pentacimifes, plicatula*, grypluca Maecullochii, 
pinna folium, and several ammonites, «Sc. occur in this 
stratum, but in it organic remains aie not particularly 
abundant, and neither belemnites, ten bralula*, nor sau- 
rians are so plentiful as in the beds above. No alum E 
made from this paitof the lias shale. 

Milestone senes, 100 to 150 feet, consisting of highly 
arenaceous shales, and laminated sandy limestones of 
brown, greenish, or grey colour, succeeded above by sc 
\cral bands of nodular ironstuiie, the whole series par- 
ticularly abundant in shells, besides pjoduciug beautiful 
stellerida, uiiuulosn, and fishes. .Several species of 
terebratulie, card mm truncation, deiitulium gigauteum, 

Sic. appear almost confined to these sli.ita, wlmli like- 
wise contain gry|)hiva», pcclmcs, plngiosiomatn, lerebia- 
tiiho, iiikJ modioke, not distinguishable tiom theoidmaiy 
fossils of the oolite. The marlstone Inals aie in fact the 
first term of the oolitic deposit-, interpolated among the 
last tcims of the lu.s, and, accoidmg as the clay above 
them is ntteiiunh d or developed, they may he i an ked 
with the oolitic, or the lias fonuatic u. In the Noitli of 
England, the former mode of aiiangeuu lit n///s/ be 
adop.ted, but in the South, the latter has bleu olUu fol- 
lowed. 

The upper lias clay or shale, 50 to 200 feet in tlm k- 
ne.ss, is the aluminous rock of \ oi kslm e, and pas-.es hy 
iiiteriiiixture into the mailslone sciiis below, ami l>v a 
gradual change into the analogous Mindy beds ol the 
oolites above. 

It contains a iniiltitud.e of layers of aigillo-ealcaicuus 
nodules mostly aggiegaied lound ammonite-, and other 
organic bodies, and these are |aituubuly lemaikablc 
and of lar*»er size in the lower part of the shale, wlneli 
also is much harder than the rest \ piofie-ion of am 
monites, belemuitcr, and nautili, act ompaim d by au 
tula', iuocerami, nmphidesmata, iX*- , be- alts ahuii'i.iiae 
oi r. htby osanri, and plesiosami, jet, and lemain-* of co 
niferous womb euiich tins interc • ting rock Its i|n< k- 
liess is vamble, amountui;' to 200 feet on the e<»:i*-t,but 
diminished to 50 led, or even le^*-, in some ol the 
Cleveland hills, where also the ti c ual smooth iiomoge- 
neons tcxtuic of alumiiioii.s sh.de is changed to a decid- 
edly sandy composition. 

Proceeding to the South, we find the chaiadcrs of the hi 
lias formation of ^ oi l.shirc maintained with consj-iei- Ainl 
able exactness through the Comities of Nottingham, * lill5,iu 
Lincoln, Leicester, ami Kutlaiul, into OxtonMmo. The 
section fiom Lincoln to Gainsborough shows clearly 
the upper lias elav, marlstone gioup, lower lias < lav, 
gryplnlc limestone, and laminated limestone, all su - 
perimposed on gypseous red mail. In the vale of 
Re! voir, likewise, through llutUmd, and as far as lin* 
centre of Oxlordsbire. we have the lower lamin.i'ed 
limestone (I.) siirnioiiuled by a thick clay. (2 ) m which 
lie gryplutic beds peculiarly dicllv, w hi Ji Mr. Cony - 
beare calls upp“r has beds, and which curie- pond to 
the gryphitic beds of Liticolu*-liiie. Still higher, aie 
beds of green or hi ovmi marly samEtone, with tcirbi.i- 
tul.e, pectines, belemnites, and other shells, winch au? 
always ferruginous, and, in Rutland partictil.n ly, lami- 
nated and entirely similar to some of the maihimu* 
beds of Yoikshire. Above these, in the mine traits, be 
lU() or even more feet of c!:»y, often forming insular 
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hills between valleys of inarlstone, and upon the whole 
the ferruginous sand of the inferior oolite. 

If any dr uhl has at any time been raised as to the 
real distinction in this country of upper lias clay, marl- 
stone, lower lias clay, and double course oi lias lime- 
stone. it has probably arisen from the extreme resem- 
blance of the ferruginous inarlstone of the Vale of Belvoir 
winch divides the upper from the lower lias clay to the 
fen ugiuous saudstouc which is the general floor of the 
oolitic rocks. In Rutland, however, the distinction is 
perfectly evident. 

Through Oxfordshire aud Gloucestershire the upper 
.ias clay continually becomes thinner, and the inarlstone 
beds in consequence approach nearer to the sand of the 
inferior oolite, ft is no wonder, therefore, that they should 
be in these Countries sometimes confounded. But the 
section of Painswick Hill, near Stroud, adduced by Mr. 
Cony heart*, (GY ofagy of England, p. 2jI.) .sufficiently 
prows that the same principle of classification applies to 
tile lias below the Cottswolds.as well as to the North-East 
moorlands of Yorkshire, fu fact, by merely taking the 
argillaceous beds which in this section separate the 
sands of the oolite from those of the inarlstone, and 
calling them upper has day, the accordance with the 
Yorkshire section is perfectly evident. This question 
has been effectually settled by Mr. Lonsdale’s recent 
and most valuable investigation of the Colts wolds. That 
excellent observer has dearly established the identity of 
the lias system of Gloucestershire with that of York- 
shire, in general terms ; at the same time defining the 
amount of topographical difference which principally 
affects flic upper has shale. 

In the Southern parts of Gloucestershire, and in the 
vicinity of Bath, the upper lias day becomes still more 
attenuated, and the inarlstone beds more divided aud 
mixed with the day. Mr. Smith gave the name of marl- 
stone to the laminated stony beds full of pectines and 
other shells winch aie louml in the Someiset canal and 
other places, twenty feet or less below the sand of f he 
infeiior oolite, as may be noticed in his sections, in 
several places, these beds, from the deficiency ol the day 
above, aie brought nearly into dose contact with the 
band of the inferior oolite. 

Whether this distinction of inarlstone beds eau be 
carried further South into Dorsetshire, does not yet ap- 
pear. 

From Mr. Lonsdale's Essay ill the Geological Trans- 
actions, we find the lias limestones to be thus arranged 
in the descending order. 


Blue li.is. C (insisting of beds of greyish aigillaceous lime- 
stone. varying in thickness from - to 18 niches, anil 
separated l>y others of blue marl which are genri.dly 
less than b inches thick, hut sometimes more than 2 feet 50 to 60 


\\ hite has. Thin siruta of yellowish white argillaceous 

liimMouc, with parting', of pale brownish day 10 

Lias lower marl. Daik grey marl with calcareous concre- 
tions 20 


Organic remains of ammonites, belemuites, pectcns, 
oysters, &e. though most abundant in the blue lias, are 
more or less diffused through all the beds. 

Combining the section of the North of England with 
Mr. Lonsdale’s and Mr. de la Beebe’s sections of the 
lias in the vicinity of Bath and Lyme, we shall have 
the following general table of the complete type of the 
English lias. 

1. Upper lias clay, marl, or shale, .Upper lias Khali* (Phillips.) 

2. Mailstoiu* beds. 


3. 


4. 


5. 


Middle lias clay 

Lias limestones and marls 
Lower lius murls , 


fUp 

MLo 


)per lias marl. ( Lonsdale.) 
Lower lias shale. (Phillips.) 
(iryphitic and lAininated lias of 
North of England. 

Blue aud white lias of Bath. 

Of Lyme Regis and Bath. 
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These lower marls are thus described by De la Beche, 
at Culvcrhole, near Lyme, (section descending.) 

Ft. In. 


Dark marl 3 0 

Earthy dark grey limestone 0 10 

Dark grey slaty marl. 5 0 

Irregular light grey limestone 0 10 

Dark slaty marl 1 4 

Compact grey limestone 0 10 

Dark slaty mail, which rests on the light bluish green beds 
belonging to the upper part of the new red sandstone 
system 7 0 


Total... 18 10 


Mr. Murchison's Memoirs on the Oolitic Deposits of Li.is in 
North liritain , most clearly prove the existence of well- North Bri- 
chnracteriscd lias shales, much like those of the York- tiU11 ’ 
shire coast, in Pubbu, Skye, and other of the Western 
Isles, aud the organic remains which he collected there 
are of the usual English types. Lias occurs also on 
the North-East coast of Ireland, as at the Giant’s 
Causeway, with ammonites and belemuites. 

The lias in South Wales is a singular extension of 
the formation among the dislocations of the older carbo- 
niferous system, nearly analogous to its appeal mice 
among the sandstones and slates of Scotland. The 
Valley of the Ely, in Ninth Glamorganshire, exhibits 
several u phi lings ol lias, commencing about live miles 
West of Luudulf, whence, wiili some inten options, they 
accompany the Ely to its junction with the Channel 
near Penarth Point. It again appeals in Barry Island, 
and continues to sknL the coast in a Westerly direction 
nearly to the mouth of the Ogmore liver, forming a 
range of bold cl ill's, among which is the little harbour of 
Abei thaw, celebrated tor the lime which it exports. 

((’onylu aie, Geology of England.) 

We may now turn our attention to the general types Lias in 
of lias presented in the North and South-East of France, France and 
and m various parts of Germany. Gen many. 

As m England, so genet ally in these Countries, the 
lias is deposited conformably to the saliferous system, 
bill in Brittany and around the plateau of primary rocks 
in central France, especially about Autun, the oolitic 
system ohen touches the granitic senes without any 
interposition of red sandstones. Iu the district which 
border* that plateau on the East, between Chalons and 
Aulnn, the oolitic rocks are considerably developed 
with lias at the bottom, and all based upon gypseous 
red marl ; but the lias clays arc here hi most wholly de- 
ficient, aud the formation consists only of the grypbitic 
limestone, with its partings of clay. The abundance 
of gryphsca ineurva, and other characters of the stone, 
strongly remind the traveller of the analogous beds in 
Lincolnshire. The lias and oolites ure so closely allied 
that. Desnoyers, in his description of this tract, hesitates 
even to distinguish the former as a fourth stage of the 
calcareous or oolitic system. 

South of the Ardennes mountains by Luxemburg, 

Metz, aud Nancy, the lias exhibits more developed 
characters. Immediately upon the Keuper marls rests 
a considerable bed of sandstone, white, ye low, or rarely 
brown, sometimes solid, and sometimes fiiahle; gra- 
dually passing into the lias beds above. From its 
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Geology, abundance under and around the fortress of Luxetn- 
Ch.II, burg, it receives in that Country the name of (•res de 
Luxemburg. 

The proper gryphitie lias limestones succeed and cap 
most of the pluteaux of grit. The beds are bluish 
and compuct, and alternate with grey friable marls. 

Abo\e are grey marls and marly grits, which cor- 
respond to the lias clnjs and marlstone of England ; 
and these are followed by the ferruginous sandstones 
which form the general floor of the oolitic system. 

in Wiirtemberg, and, perhaps, generally on the Ger- 
man side of the Rhine, the lias has more of the cha- 
racter of the English series both as to inineralogical 
composition and organic remains. In particular, the 
saurian reliquiae, so abundant in the lias clays of 
England, are all found in those of Boll and other parts 
of Wutleinherg, and with some additional species have 
been described by M. Jliger, of Stuttgart. Fine spe- 
cimens of saurian animals occur in many of the mu- 
seums along the Rhine. Hut, perhaps, the most 
remarkable accordance between the series of Germany 
and that of England, is observed at Ruiiz near Coburg, 
where t ho Maine crosses the Northern extremity of the 
Franconian range of oolites. Here Mr. Murchison has 
observed the following section. 


Sandstone cap of the lias 300 feet thick. 

Tipper lias shale of Yorkshire 40 

Mark and marlstone*. lf>0 

Lower 1ms shale, with compact lias and am 

in unites Hawkeroiisis, near the top 300 


Ciutstone 

Keuper formation 


At tills place the most, astonishing profusion of 
saurians, fishes, Crustacea, ammonites, nautili, and be- 
leinniles, as well as pentacrini, graphites, and other 
fossils, occur, and many of them remarkably agree fls to 
their place in the strata with the arrangement of the 
same species in the beds of the coast of Yorkshire. 

Idas shales occur below the Alpine or Jura limestone 
of Swisserlaud and Savoy, and occasionally, us atMey- 
ringen, Bex, the Mont John, produce some of the cha- 
racteristic ammonites and belemnites of the English 
lias. In the Valley of the Ar\c, in particular, the ar- 
gillaceous beds of lias are immensely thick, and owing 
to the igneous agency, once so powerfully excited be- 
neath the Alps, have a schistose character strongly assi- 
milating them to the primary slates. Whether the 
slates of the Valorsi nc belong to the same era is, per- 
haps, not yet ascertained ; but if this should be proved, 
the vegetable remains which they contain, being identical 
with those of the carboniferous epoch, would indicate 
that these regions enjoyed a particular immunity from 
the causes which, in all other instances yet examined, 
had wholly destroyed the plants which grew in the car- 
boniferous epoch, and covered the earth with cy cade us 
and other entirely new types of vegetable life. 

Lower Oolite Formation . 

The uninterrupted range of this formation through 
Dorset, Somerset, Gloucestershire, Oxon, Northampton- 
shire, Rutland, and Lincoln, to the banks of the Humber, 
may be seen on the Maps of Mr. Smith or Mr. Greenoiigh. 
Beyond the Humber it is concealed for a short distance 
beneath the overlying chalk, hut emerges again, and oc- 
cupies a vast breadth in the Eastern part of Yorkshire. 
In Sutherland, and in some of the Hebrides, and particu- 
larly in Skye, it has been traced by Mr. Murchison. 


It occupies, tlnough all its course ill England, an Geology, 
c lex a ted range of lulls with bold escarpments to the Ch. II. 
West or North West, a gentle slope to the East or 
South-East, and deep \ alleys of denudation which often, 
by descending to the lias clays, furnish most complete 
information as to the relations of the two formations. 

The surface of the calcareous portions is dry and bare 
of trees, and wells sunk therein often reach a very con- 
siderable depth, while upon the alternating claxs the 
soil is cold or wet, and, in general, much covered by 
woods. The fertility of the district is below the axe rage 
of the secondary strata. The highest point of the range 
in the South of England is Cleexe Piparri Hill, near 
Cheltenham, 1 134 feet above the sea, and in the North 
of England, Button Head, near Ingleby in Yoikshire, 

I4S5 feet; but in these eases about two-thirds of the 
height consists of (lie lias clays. 

The more ordinary altitudes of the oolitic range in 
England are 700, S00, and 900 feet, varying according 
to the Westward extension of the hill, the thickness of 
the base of lias, and the pile of iuvumhent sfiata. 

Certainly, this regular and continuous laiiiie of Escarp- 
oolites, with so neatly uniform an elevation of escarp- m ' 1 ,| ! ,h 
nient, is one o! the most characteristic features ot 
English Geology, and furnishes matter for profound 
reflection. For like the parallel, equally continuous 
and regular, and but slightly lower i ange ’of chalk, its 
elevation seems not at all due to local distm bailees, but 
rather appears to indicate a general intuineMvrue of 
the land in the direction of these lauges. 'flu* low tales 
of lias, Oxford clay, ami Kimincridge clay, which inter- 
vene between the lower, middle, and supeiinr oolite 
ranges, have undoubtedly been caused, at least in pari, by 
the erosive action of water ; but to whatexer cMcnt we 
apply this principle in explaining the pioM'iit inequality 
of the earth’s surface, and whatever aid we rcccixc for 
the established data of local elevation, the'-e limited 
agencies always leave unexplained the general fait, nz , 
the regular altitude of continuous ranges of lulls w it h 
uniformly declining planes, mid no particular inaiks of 
convulsion, which oxerlook extensive undisturbed plains 
of older strata. 

Tile vicinity of Bath, where Mr. Smith began his 
important researches, furnishes the general txpe ot the 
lower oolite foi (nation ; and, with some inoddii-uimm, 
the Keiies of strata here presented, as detailed bx Mr. 

Smith and Mr. Lonsdale, is found to he almost miivcr 
sally reconcilable with the phenomena of the other oolitic 
districts. The valuations observed are principally caused 
by the interpolations of a larger proportion of mi iia- 
ccous, argillaceous, and carbonaceous bods, so as in ex- 
treme cases to change the calcareous section of Bath 
into a coal field, with subordinate beds of limestone. 

Such is especially the case in the Eastern moot lands 
of Yorkshire, at Brora in the Hebrides, and in the 
gorge of the Weser at Mindcti, as observed by Mr. 
Murchison. 

The table of classification given above, will make 
known the order of succession of groups recognised in 
this formation, and we shall now proceed to point out 
their characters and notice their xmiutious more 
exactly. 

The Sand which is the base of the inferioi oolite group Inferior 
in the vicinity of Bath, possesses, in general, only a 
slight degree of cohesixene^s, but in places passes into a 
friable sandstone. K is inicaceoiii, of a xdlow colom, 
and contains ii regular courses of calcareous c onvict ions 
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Geology, called sand burrs. These nodules are often aggregated 
i'Ai. 11. round ammonites and other organic bodies. The thick' 
— » ness of this bed sometimes amounts to 70 feet. 

The inferior oolite varies in thickness, in some places 
being 00 feet, in others considerably less. The rock, 
accordin'? to Lonsdale, admits of bein'? characterised in 
three portions, the lower one 6 feet, hard, of a brown 
colour, abounds in casts of trigouiie, limic, troehi, &c\, 
end is seen in many sections reposin'? immediately on 
the sand. The coated muscles, as they arc termed, are 
found in this bed, and the bed which in the descendin'? 
quarries yields so immense an abundance of species is 
apparently of the same date. The middle division, 10 feet, 
is a ruhbly stone ; principally consistin'? of crystallized 
carbonate of lime, through which the organization of 
astreie may be clearly traced. It is, therefore, a coral 
bed, and as might be supposed is of irregular occur- 
rence. 

The upper portion of Iho rock, 40 to 50 feet at the 
utmost, contains the workable freestone or oolite of this 
rock, the upper part, in particular, cannot be distin- 
guished in specimens from the great oolite above. The 
lower beds are more sandy, browner, and less oolitic. 

Tin* ful In’s The fuller’s earth group, so named from the occurrence 
eaithgi.eip. i n it of limited beds of that substance, is a thick argilla- 
ceous deposit with a few layers of nodular limestone and 
indurated marl, occuning on the hill sides of Hath, 
and distinctly separating the inferior from the great 
oolite. The following is Mr. Lonsdale’s summary of 


these beds. 

Fi’i't. 

t. Him* nml yellow clay with nodules of indurated marl 30 to 4ft 

3. Hiu l fuller’s e.uth 3 to 5 

‘2 Good fuller’!* e nth, brown or blue ‘2^ to 3 

1. Cl »y containing beds of had fuller’s earth and layers 
of nodular limestone (fuller's earth rock) and 
indurated mail 1 00 


Hie . r eat The great oolite rock contains, besides the more per- 
ool,te rock, fcctly oolitic parts, which hold few shells and furnish the 
best freestone, a great niimb'Tof beds, in which the 
oolitic structure is less evident or even wanting, and 
which are more or less tilled with remains of shells, 
corallines, Ac. These coarser portions of the rock lie at 
the top and bottom, and enclose the purer oolite between 
th'*m. 

The lower rags consist of several beds of coarse 
shelly limestones 10 to 40 feet ; the lowest bed of it 
which rests on the fuller’s earth group is fine-grained 
and scared) oolitic. 

The oolitic beds in the middle are very variable 
in thickness and quality. Oil Combe Down the 
thickness sometimes amounts to 30 feet. The stone 
when taken from the quarry is quite soft, and holds so 
much water as to he beaten to a pulp by the hammer. 
After being thoroughly dried it will absorb more than 
one-seveuth of its weight of water, hut by Ion*? expo- 
sure it grows harder and less absorbent. It will not 
stand the sea air, though in the neighbourhood of the 
quarries it is \er\ durable. 

The upper rags, *2l) to 55 feet, consist of alternating 
beds of coarse shelly limestone^ tolerably fine oolite 
sand, tough, brown, argillaceous limestone. The shelly 
beds were used by the Homans in their buildings at 
Hath, and are thought to be very durable, but arc diffi- 
cult to work. Some of these beds are full of millc- 
] »ores and other poly pari a and species of echini, and a 
profusion of minute univalve and bivalve shells. They 
often exhibit that peculiarity of internal lamination called 


false bedding, when the ingredients of the stone form 
layers inclined to the plane of stratification. 

The forest marble group admits of the following sub- 
division in a descending order : 

Feet. 

C. Clay with occaoional lamina* of grit 15 

And at Norton St. Philip a layer of ruhbly indu- 
rated marl abounds with fragments of a small 
oyster and terehrafula. 

5. Sand and nodules, or beds of calcareous gritstone . • 40 

The sand is reddish-yellow or white, pure or mixed 
with clay, or lime. Tho gritstone, usually of a 
brown but sometimes of a blue colour, exists in 
spheroidal masses which have a laminated struc- 
ture parallel to the stratification, and occasion- 
ally can be split into flags. 

The fracture otten shows shining facets of inter* 
posed carbonate of lime. Organic remains are 
generally rare in these hods, sometimes particu- 
larly abundant. 

4. Clay with thin slabs of stone and lamina* of grit .. 1C 
3. Coarse oolite, or shelly limestone (forest marble) 
full of fragments of wood and shells, especially 
ostroc and idagiostomata, hones, teeth, JU\ The 
majority of the beds have u fissile structure, 
and enu often lie split into thin flags, or tiles, 
oblique to the plane of stratification. 

Thin partings of day generally divide the beds. 

•2. Sand, or sandy day and grit 10 

1. Pale blue or grey clay, enclosing thin slabs of tough 
brownish hrmMonc and l.inumr of calcareous 


Geology. 
Cli. II. 

The forest 

marble 

group. 


sandstone or gnt. Thickness variable 5 to 40 


The cornbrash consists of numerous ruhbly beds of The corn- 
con rse limestone, mixed with cl:iy, altogether 10 to 15 brash, 
feet thick. The beds or rather nodules are extremely 
irregular, and of different colours, but they are pretty 
uniformly composed of lough granular limestone, and 
abound with terehratuhe, nvicula echinuta, isocardiu, am- 
phidesunta, Ac. 

In tracing the lower oolite formation to the South 
from the Hath district, the inferior oolite is found to be- 
come more ferruginous, (Sherborne,) and with its sub- 
jacent sand to cap the lias as far as Hridport, but the 
great oolite soon “ thins out,** while the forest marble 
group thickens and becomes predominant. The corn- 
brash retains its usual characters and fossils. 

In the district lying North of the Number the lower 
oolitic system assumes entirely new characters which 
will require separate consideration. The beds seen in 
the imperfect exhibition of these oolites near Cave, 
where they divide the lias from the Oxford clay, are, 
the sand of the inferior oolite covered by shelly and 
oolitic beds, a continuation of the oolite of Lincoln- 
shire, ami above them a thin bed of pale blue clay. 

They arc here much diminished in thickness, and, though 
burnt to lime, somewhat debased in purity. On the 
banks of the Derwent, the lias is surmounted by the 
Fame simple series, with the addition of beds of calca- 
reous flagstone above. Further along the range, at 
BraiuKby and Wiganthorpe, the series is expanded by 
the interposition of beds of sandstone and shale, with a Yorkshire, 
thin hand of coal between the sand which caps the lias, 
and the shelly limestone which here represents the oolite 
of Lincolnshire. Above the limestone runs a band of 
pale blue clay ; and upon this rests a succession of beds 
of sand and sandstone, enclosing spheroidal concretions 
of calcareous sandstone with glistening facets, often 
hue in the centre and full of shells, some of which re- 
semble those of StonesfieUl. Beds of sandstone, shale, 
land carbonaceous matter are also interpolated above 
this slaty rock. The oolite here is hardly deserving of 
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Geology,, that name from its lithological character, for though this 
l h. II. appearance sometimes presents itself, the greater part of 
/ the stone is a course, granular, shelly limestone, with 
imbedded shells, &c. It is, in fact, the oolite of Cave 
still more degenerated. The series of sandstones and 
shales with coal which here overlies the sandstone cap 
of the lias, has been supposed analogous in position to 
the fuller's earth group of Bath, (the similar series 
which overlies the limestone beds corresponds to the 
jntcrvnl between great oolite and enrnbrash,) and as we 
proceed Northwards both series increase immensely in 
thickness, so that the lower one reaches 500 feet, and 
the upper one 200 ; and ns, from local circumstances, the 
coal, though never more than 16 inches thick, is worth 
working, these moorlands assume the appearance ofatrue 
coal field, with subordinate beds of very coarse shelly 
limestone. It requires, indeed, very elo.se observation 
to trace the thin limestone beds across those vast moors, 
and amidst such a number of sandstone beds. They 
are best studied on the coast. The sandstone upon the 
lias is here a variable rock often coarse and fragmentary, 
sometimes with the characters of ordinary sandstone, 
but generally suhcalcareous, och racoons, and full of 
shells and casts. At Blue Wick, near Robin Hood's 
Bay, it presents a double band of fossil-bearing beds, 
the lower one gradually passing to the subjacent lias. 
The limestone appears with different aspects at dif- 
ferent points. Under Grist horp cliffs it recalls pretty 
exactly the oolite of Cave, but at Scarborough, ('Joiigh- 
ton, Ilnwsker, Sncaton, &c., it is a very different rock, 
coarse, fragmentary, and mixed with veins of earthy and 
argillaceous oolite, so as to be scarcely fit to he burned 
to lime. In the Staiutondale cliffs it is a double band ; 
at Whilenab it is covered by calcareous sandstone slate, 
in which glistening facets, like those in the stone of 
Brandsby and Wittering, occur. Only one seam of coal 
is worked in the district, and it lies beneath the lime- 
stone. The cornbrash appears on the coast, also, in a 
debased but recognisable form. The fossil plants 
which accompany the coal seams and sandstones, may 
also be detected in the limestones and calcareous slates 
both oil the coast and at Brandsby; and it is worthy of 
particular attention, that both at Collyweston and at 
Stonesfield, several of these plants occur in the slate, as 
hrachyph)lla, ferns, and c)caditcs. No marine cxiivun 
have yet been found in these coal grits or shales, but 
some bivalves resembling anodon, which perhaps were 
swept down with the ferns, equisefa and cycadea', are 
found at (iristhorp. In se\eral places, a particular part 
of the section of lower carboniferous sandstones, exhi- 
bits the remarkable phenomenon of cquiscla standing 
ii regularly erect over considerable areas in a bed of 
sandstone which rests upon shale. 

This is, therefore, truly a coal field of the oolitic era, 
produced by the inlet position of vast quantities of sedi- 
mentary deposits brought down by floods from the land, 
between the more exclusi\ely marine strata of the ordi- 
nary oolitic type. Wc may believe this to be a case of 
,a littoral deposit of oolite, and should naturally derive 
from that supposition, the debasement of quality and 
attenuation of thickness of the shelly limestones, in pro- 
portion as the spoils of the land brought down into the 
hcu w'ere more abundant. Whatever the causes were 
which produced these effects, they were not entirely 
local. The Yorkshire oolitic district is indeed the only 
tract yet investigated in England which exhibits these 
effects in a striking manner; hut attentive consideration 
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of the phenomena presented by the rag beds of oolite 
and coarse shelly beds of forest marble near Bath, and ^ 
still more the wavy surface and vegetable fossils of ' 
some kinds of the sandstone slate of Bidge, Ntoneslicld, 
and Collyweston, will lead to the conclusion that these 
portions of the oolitic formation were deposited within 
the influence of the littoral agitation of the sea. (Mr. 
Scmpe has presented a notice ot this subject to the Geo- 
logical Society.) 

Another fuct is important. The extensive additions of 
terrestrial plants and sediment are confined to the inti r- 
vals between the sand which is the base, and the corn, 
brash which is the cap of the lower oolite formation. 

Mr. Murchison's examination of Brora and other ],„ 
points in Sutherland, and of the Western const ofm.' 
.Scotland, has proved the extension of the cuihoiuTcroiis Si 
system of the Yorkshire oolites into these Noithem 
regions, and it is interesting to obsene that there, as 
well as in Yorkshire, the interpolations occujw the 
same limited space in the section. 

The following short summary of the beds in these 
Countries will prove this point: — 


Section of Brora . 

Middle oolite formation 1 , .. , ~ - , , 

coruiotiuK of I 1 u,care " us »*“> Oxfonl clay. 

Shelly limestones representing coi:i- 
brash mid forest marble. 

Alternations of sandstones, shales, and 
ironstones with plants. 

Ferruginous limestone'-, Mm* in the in- 
terior, with fragments of e.uUmml 
wood unit abundance of shells. 
Sandstones and slmles of gieat lluek> 
im*? in frequent alternation!! with 
plants, having i n the n/tprr }utt / two 
beds of coal, of which the upper 
one is .’I It. 8 in. thick, the lower 
one, not worked, 1 ft. 4 in. 

Lias formation with fossils of the Yorkshire lias. 


Lower oolite foi illation, 
consisting of 


North-East Const, Isle of Skye. 

Sandstone series. 

Shelly limestone. 

Sandstones and shales of great thickness, with obsetue impression? 

of plants and abundance of carbonaceous matter. 

C l.ilciferou? sandstone beds, with small nodules of indur itod lime, 
stone grit, with fossils and thin lajci? of shale with bclem- 
nites. 

Blue shale ^ upper lias shale of the Yorkshire const) with .small 
blue calcareous concretions, bvleiiiiutes, Kc. 

Sandstone with concretionary nodules and fossils nl* the niurlstorc 
series. 

Lias shale. — Geotoy tm/ Tmnsff'fiuns, w Senes. 

The same Geologist has found a considerable ana- 
logy to these phenomena in the section presented by the. 
gorge of the Weser, where that river escapes through 
the Porta Weslphalica into the plains of Northern Ger- 
many. How unlike to the general type of the oolitic 
formation of the German and Swiss Jura ! 

Having thus produced the two most contrasted I) pcs L. 
yet discovered of the lower oolite formation, and hv 
their comparison put a severe check upon the doctrine j. " 
of universal formations (if such was ever entertained) 
among the secondary strata, it will be useful to Mute the 
leading features of this formation in the intermediate 
parts of its range in England, and thus to ascertain the 
parts which vary, and the method of their variation. 

To do this with entire .satisfaction is not easy, and in- 
deed requires more data, yet the curious fact of the 


l.iiul. 



626 


G E 0 L 0 G Y 


* ienlogy. 
Ch. II. 


Lincoln- 

shire, 


f oll_\ we*- 
ton slate 


continuity of the cornbrash above, and of the lower 
oolite sand below, from one end of Fughmd to the 
other, by furnishing every where exact limits to the 
formation, very much abridges the inquiry and dimi- 
nishes the chances of error. In the long range from 
the coast of Dorsetshire to the coast of Whitby, the cha- 
racter of the lower sand varies, yet not so much as is 
common to sandstones, the principal difference consist- 
ing in the colour which is occasioned by the degree of 
oxidation of the iron. Through Oxfordshire, Rutland, 
Lincoln, and the Southern part of Yorkshire, it. is a veiy 
dark brown ferruginous rock, whence it is often called 
“ gingerbread stone,” frequently enclosing shelly con- 
cretions, ( Ranhury,) occasionally enveloping beds ol lime- 
stone, and sometimes (Northampton, Rockingham) inter- 
laminated by white beds of oolite. The quantity of 
oxide of iron is sometimes so considerable as to divide 
the mass of the rock into a multitude of ncliruccous 
cells or “ iron boxes.*’ In some places, especially in 
Lincolnshire, it consists of ail alternating series of white 
and brown sand. 

With respect to (he cornbrash it is sufficient to say, 
that though so unimportant a rock in other respects, it 
is probably more continuous, and more uniform in its 
character from Dorsetshire to the Humber, as may be 
seen in Mr. Smith’s Maps, than any other member of 
the lower oolitic formation except the sand of the infe- 
rior oolite. 

Lincolnshire presents the following section" of this 
/’urmaliou : (observations made in 1R21;) 

Corubrash full of its usual fufcaila. 

C lay thill. 

Thin shelly beds in one locality, somewhat resembling the blue 
brds of Farley near Bath. 

A considerable thickness of clay ground, presumed by Mr. Smith 
to include the forest marble system of Wiltshire. 

Sandy laminated stone, in a few localities South of Lincoln. 

Thick, apparently undivided, oolitic rock, very productive of orga- 
na: remains, with polypiferous beds on the top. 

In the upper pints of this rock, false bedding is frequent, coarse 
shelly rags abound, good oolite is dug at A master. This is 
undoubtedly the same rock as that of Cave in Yorkshire, and 
it in eimtmuoUH with the same general character as fur as 
Grantham, between which place and Stamford there appears 
to he some change. 

Inferior oolite sand. 

Between Stamford and Peterborough the series was 
recorded thus: (lH;2l :) 

Corubrash Rag beds of Barnnck. 

Clay of some thickness. Stamford oolites, and 

Sandy laminated beds at Pilsgato. Inferior oolite sand. 

Interval not known. 

On the line from Wandsford, through Weldon to 
Rockingham: (IS2L :) 

CornbrnRh very distinct. 

Clay of some thickness nothing else observed. 

Weldon oolite or rag, the same as the Barnuck rag. 

Interval, presumed to be clay, under some breadth of Rocking- 
ham forest 

Brown sand of Rockingham Hill, with interlamiuated white 
limestones. 


oolite and compact limestone, and presented to Mr* 
Murchison and the author the following detailed section. 


Loral N.iiiR'ii. 

Ft. In. 

Rubble 

4 0 

(ale 

4 0 

Bedding sand . . 

H 

Broad 

4 0 | 

Liincituiia . . . . 

,6 { 

Befell 

1 3 

Slate. • . • • .2 to 

4 oJ 

Fine sand 

( 


lVsriijition. 

Imperfectly bedded oolite. 

Irregular and hrokt ii beds of oolite. 

Fine yellow sand indurated at top And 
at bottom into concretionary and 
slaty layers. 

Brown hard oolite graduating upwards 
to the sandy layers above. Thin beds, 
not burnt to lime. 

Haul, compact, not oolitic, containing 
bracbyphylluin, ferns, and trigo- 
uellitcs. 

Irregular sandstone. 

Masses irregularly spheroidal flattened, 
very fissile, in general calcareous grit 
not at all oolitic, but Nhelly, with lit- 
toral and terrestrial plants. 

Of a yellowish colour. 


The slate is quarried only iu Winter, for if dried by 
the Summer Sun and wind, it hardens and will not 
split. The holes are blocked up in Spring, and the 
quarrymen only employed in preparation of slate. It 
is, in general, very equally laminated. The splitting is 
caused by organic exuvi®. 

The Stonesfield slates near Oxford have been almost 
universally esteemed of the same age as these (olly- 
weston rocks. 

At Stonesfield two beds of concretionary masses, 
capable of being easily (with the assistance of frost) 
split into slate parallel to the stratification, compose with 
sand and fr.ahle sandstones a group 5 or 6 feet thick, 
under 50 feet of alternations of laminated shellv i tiiitcs 
and thin blue clay. The following is Dr. Fitton’s 
account of the section. ( Zool . Journal , vol. lii.) 


32 feet. 


Rublily limestone. 

Chy with terebratubtes. | 

Limestone. 

Blue clay. 

Oolite. 

Blue clay. 

“ Rag,’' consisting of shelly oolite, with casts of bivalves and 
univalves. 


The slate beds 
consisting of 


The slate beds 
consisting of 


#l Soft stuff,** fi in. yellowish-ham! v clay 
with thin com sen of fibrous transparent 
gypsum. 

11 Upper Head,** 1 ft. .*3 in. to 1 ft. 6 in. sand 
enveloping a course of spheuudal lami- 
nated calcareous grit stones which pro- 
duce the slate. These are called “ Pot- 
J lids’* from their figuie, and receive with 
the other slaty bed the name of Pondle, 
as characteristic of the workable stone. 
The stone is partially oolitic and shelly, 
sometimes full of sinull fragmentary 
musses. x 

“ Manure or Race,” 1 ft. slaty Liable grit 
. rock. 

( Lower Head 1 ft. 6 in. to 2 ft. sand and 
grit, including a course of spheroidal 
concretions of blato like that described 
above. 

Bottom stufT, 1 ft. sandy and calcareous 
grit with admixture of oolitic grains. 


It might appear from these statements that the slates 
of Wittering and Collyvveston are near the Northern 
end of these deposits ; they are unknown at present in 
u distinct form North of the Welland, except at Market 
Deeping, though probably represented by the sandy cap 
of the Lincolnshire oolites. 

The slate of Collyweston is associated with beds of 


The floor of the slate beds is rag like the oolite above. 

Most of the Stonesfield fossils, and in particular the 
jaws of didelphidse, have been extracted fmtn one or 
other of the courses of slate. 

We may now return to the Bath series of oolites, and 
accompany Mr. Lonsdale in his recent survey their 
extension to the Northward. 


Geology. 
Ch. 11. 


Ktuncsfu Id 
slate*. 
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Geology. The inferior oolite in the South of Gloucestershire 
Ch. II. consists of nearly equal divisions of soft oolite and 
slightly calcareous sand ; but in the Northern division 
*' r * rer of the County the latter, for the greatest part, is re- 
Gloucester- P^ acec ^ ^y 11 Y e ^ ow sandy limestone. The freestone 
shire. beds, which are not to he lithologically distinguished 
from those of the great oolite, gradually increase in 
number and thickness from the neighbourhood of Bath 
to the Cotteswold, East of Cheltenham, where they con- 
stitute the whole of the escarpment. This vertical im- 
portance is retained through the North of the country 
examined ; hut to the Eastward of the valley, ranging 
from Stow on the Wold to Barrington, near Burford, a 
change takes place both in the structure and thickness of 
the formation. The freestone beds are there replaced by 
strata of nodular coarse oolite, containing numerous im- 
• press ions of clypei/s sinuatus , the sandy portion consists 

of only a thin bed, aud the thickness of the whole of the 
inferior oolite group is diminished from 150 to about 50 
feet. 


The fuller's earth lose^ its importance in proceeding 
Northward, yet it was traced as a parting between the 
great oolite and the inferior oolite, as far as a line pass- 
ing from the neighbourhood of Winehcotnb to Burford, 
but to the North-East of this line it thins out. 


Great oolite. The threefold arrangement of upper 
rags, tine freestone, aud lower rags, into which this rock 
is naturally divided near Bath, does not prevail uniformly 
in our progress Northward. 

The upper rags, consisting of soft freestone and hard 
shelly oolite, were traced to Cirencester; hut to the 
North-East of that town they are replaced by a rubbly, 
white, argillaceous limestone. The beds of the middle 
division become chiefly a hard oolitic limestone. At 
Wotton under Edge the lower rags are replaced by 
beds of fissile, calcareous sandstone, which runs through 
the whole of Gloucestershire to the lieighbonrfiood 
of Burford. They are extensively worked as a tile 
stone, possess the lithological character of the Stones- 
field slate, have their fissile property in the same way 
developed by exposure to atnjospheric agency ; con- 
tain Irigoniu imprrsscr , the characteristic fossil of 
Stouesfield; and on comparing the strata of Burford 
with those which rest at Stonesfield on the slaty beds, it 
was found that an almost perfect identity of character 
and order of position prevailed at the two localities. The 
Wind rush quarries near Burford give the following sec- 
tion for comparison with that of Stonesfield previously 
detailed. 


Top. Rubbly limestone 1 foot. 

Brownish marlstone 6 

Rubbly limestone 4 

Pale sandy marl 3 

Rubbly limestone .J 

Light-coloured clay J 

Rag and freestone 15 

Sandy laminated grit — 

Mr. Lonsdale has thus corrected the almost universal 
error of English Geologists in classing the Stonesfield 
slate with the forest marble, and has assigned its true 
place at the base of the great oolite ; a most important 
alteration in every point of view. 

The forest marble was found to possess the same cha- 
racters as near Bath, consisting of a thick stratum of 
laminated shelly oolite, interposed between beds of sandy 
clay, containing laminae of grit ; and to have, from 


Bath to near Fairtbrd, for its uppermost .stratum, a de- Geology, 
posit of loose sand, containing large masses of calcareous y 

It is hardly to he doubled that the slate of Colly- 
weston is coeval witli that of Stonesfield, but it must 
be left to further investigation to decide whether the 
thick oolites of Lincolnshire comprise, both the great 
and inferior oolite of Bath, or which of them exists there 
alone. It is now ascertained that there *:re calcareous 
slaty beds in two points of the series between the coin- 
brash and the inferior oolite; it is known that, both die 
great oolite and interior oolite are subject logical Muni- 
tion of lithological character and thickness, and that the 
fuller's earth which distinguishes these rocks at Hath 
is extinct, or nearly so. North ol Burford. The pro- 
blem, therefore, now presented to Geologists by the vet 
unfinished survey of the oolites, is ratliei complicated, 
and demands much labour to perform with lull effect. 

It should be begun by taking up the subject wheie Mr. 

Lonsdale’s observations end, nz. at Hnriord, ami the 
ground examined minutely Northwards. We may ven- 
ture to promise that this will not be wholly neglected. 

Middle Oof if r Formation, 

Very strong analogies accompany all the leading divi- (ienci.il 
sions of the oolitic system, and mntk them as the pro- desolation, 
ducts of a succession of similar causes. As the noli leu 
of Hath lie enclosed between strata of calcareous sand, 
so those of the middle division are imbedded between 
strata of calcareous sand and sandstone, and the asso- 
ciation of the upper oolite with green sands at Swindon 
aud Thame, is probably of the same intimate description. 

The organic fossils of all the divisions have a striking 
general resemblance, and the composition of the rocks 
is liable to similar variations. 

The physical features impressed on the geography of 
the country which they traverse are also very similar. 

As the consolidated strata of the lower oolite formation 
form a high escarpment, which overlooks the plains of 
argillaceous lias ; so the limestones and sandstones of 
this middle group rest on a bold edge, above the vales 
of Oxford clay, and the upper oolite rocks in the few 
places where they occur domineer iu the same manner 
over the vales of Kimmeridge clay. It might, have been 
attended with some convenience to have considered these 
thick days in formations apart from the rocks, as the lias 
has been separated from the lower oolite, but they are 
from various causes so connected with them that it 
would have injured the practical utility of the classifica- 
tion. 

The general characters of the surface of the middle 
oolite formation, arc a moist valley of Oxford clay be- 
low’ a dry range of hills, furnishing copious springs 
iro n the calcareous grits and oolite. Dry valleys, deep 
wells, narrow dells, washed by the rapid streams, occur, 
especially in the districts of greatest altitude, and one 
unacquainted with the series of formations might re- 
cognise in the general aspect of this, the desei iption 
usually given of the lower oolite range. Outlines of the 
oolites and sandstones occasionally cover in *-11 kited hills 
of the subjacent clay, aud prove the ilenudating power 
of ancient floods. The altitude of this range of oolite 
nowhere equals that of the lower oolite in the same 
region. Thus while in Yorkshire the rocks rise in 
Button Head to MS. r > feet above the sea, the former 
reach on Black Hamblctoii I‘i4U ieet. in Oxfordshire 
4 n 2 
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< .! :'y. and Gloucestershire 800 or 900 feet is the height of the 
< h. 11. lower oolite, but 400 or 500 feet that of the middle 
oolite. 

i: .in^e aid This formation is upon the whole less continuous 

r\unt. til-in the one described before, yet the discontinuity 
is not of the whole mass, but chiefly of the group 
of oolites and sandstones. These have a considera- 
ble developemcnt in Dorsetshire ; first on the coast at 
Weunnuth, and secondly from near Sturminstcr to be- 
yond Wincnuton, where they produce oolitic freestone. 
Hence to Longlcat Park they are unknown. From 
Longlcat their range is unbroken by Westbury, Caine, 
Woutton Basset, Highworth, Farringdnn, and Abing- 
don, to the banks of the Thames at Oxford. They can 
be traced under Shotovcr, and towards Brill, a few 
miles, but their further course is unknown, till we arrive 
under the Wolds of Yorkshire near Acklam. At this 
point emerging from beneath the chalk, they encircle 
the Vale of Pickering by Maltou, lielmsley, Pickering, 
and Scarborough, increase greatly in importance, and 
assume more completely than in any other part of Eng- 
land, excepting perhaps Weymouth, the. full characters 
of their formation. But while the oolitic group is thus 
dismembered into four widely detached legions, the 
Ox fold clay beneath is as remarkably connected from 
the North side of the Dorsetshire downs, by Wincanton, 
Mclkslnun, the Vale of the Isis, Ottmoor, the Vale of 
Bedford, Huntingdon, the Western border of the Fens, 
and the Vale between the dill* and Wold ranges of 
Lincolnshire to the banks of the Humber. Beyond 
the unconformity of the chalk wolds, its course is un- 
divided beneath the slope of the calcareous grit round 
the Vale of Pickering to Scarborough. 

We shall now oiler a few details of the internal struc- 
ture and variations of these rocks. 

The clay below the Kolloway rock lias been very little 
noticed, ami is indeed not very important. It occasion- 
ally contains pholadornya? uud other shells near Balh, 
and more frequently abundance of selenite, and on the 
coast of Yorkshire has yielded some curious remains of 
Crustacea. As for the greater part of the range of the 
Oxford clay thcKclloway rock is unknown, this clay can 
seldom be distinguished. In Yorkshire it barely reaches 
a few yards, and generally is less than three feet in 
thickness. 

Krllowiy The Kell nway rock, so named by Mr. Smith from 

lock. Kclloway Bridge in Wiltshire, which is almost the only 
place where it occurs in the South of England, is in that 
County more remarkable for the beauty, peculiarity, and 
abundance of ammonites, grypha’ie, and other organic 
remains which it produces, than for either its thickness 
or continuity. It is there a calcareous sandstone, ap- 
pearing when devoid of organic remains very similar to 
those which accompany the coralline oolite, externally 
brown, internally grey or blue, of a ruhbly nodular 
.structure, altogether less than twelve feet thick. From 
Wiltshire to Northamptonshire no mention is made of 
this rock, but it was found with its usual fossils at 
lioziate Hill, near Wellingborough, by the writer of this 
Article, in company with Mr. Smith in 1820. 

Xu 1821, the same observers established the occurrence 
of the Kelloway rock at llackness and Scarborough on 
the sea-coast of Yorkshire. It is coextensive in that 
Comity with the range of the Oxford clay, from under 
which it rises into an escarpment. It arrives sometimes 
at a thickness of sixty feet, and is then locally distinguish- 
able iuto several portions. It is, however, altogether a 


mass of sand and calcareous sandstone, with or without Geology, 
organic remains ; the upper beds very thick, indurated by Ch. II. 
admixture of oxide of iron, and multitudes of gryphtvsc, 
belemnitcs, ammonites, and avicuhc, and other fossils. 

Not unfrcqucntly in the vicinity of the shells it becomes 
sufficiently calcareous to assume the character of a sandy 
oolite, sometimes ferruginous like that of Dundry. The 
sandy parts of the mass are often variously stained 
brown, reddish, yellow, or remain perfectly white, in 
layers or irregular stripes, and traversed by dissepiments 
of oxide of iron. In a very few places it is useful as a 
building stone. 

There is perhaps no more curious fact on record than 
the occurrence of this apparently indefinite rock, with 
almost identical characters, alter so great an interruption 
of continuity. 

The Oxford clay (chinch clay of Smith) appears, in Ovl\,nl 
the w hole of its range South of the Humber, a pale blue cHy. 
clay, turning jellow on the surface, with large sparry 
septaria, and some ki)crs of chocolate-coloured shale, 
(Tythcrton,) with ammonites and other fossils. In 
Yorkshire, it is less tough, and more generally lami- 
nated, gradually changing iu quality to the Kcllo- 
way rock below, and the calcareous grit abo\c. Most 
of the organic remains which it yields belong to the 
lower part of the stratum, and are in general identical 
with or very similar to those of the Kelloway rock. 

Taken in general terms, the suite of fossils at Weymouth 
belonging to the Oxford clay is considerably allied to 
that of the Kelloway rock and Oxford clay of Ynik- 
shire, but further comparison of the species of ammo- 
nites is yet needed. In the Museum at Strasburg fossils 
of the Kelloway rock, as well as of the Oxford clay, are 
recognised. 

It is painful to observe the dreadful waste of money 
in ilj-ad vised trials for coal along the line of the Oxford 
clay. The least fragment of jet or morsel of bituminous 
shale, especially if accompanied by “blue metal,” is 
enough to make a credulous proprietor listen to an 
ignorant collier, and throw away the value of his solid 
land in sinking for the *magi nary treasures beneath it. 

The lower calcareous grit should be carefully distill- Coralline 
guished from the iron sand, with which Mr. Smith has oolite 
occasionally confounded it, nor is the distinction difficult, £ rmi P' 
for, independent of its geological position, the ealca- 
reous grit is not particularly ochraccous, and never as- * ** 

sumes that dark ferruginous aspect so remarkable in the 
other lock. In Wiltshire, where it was first observed, 
it appears as a thick stratum of sand, inclosing irregular 
beds of sandstone, or of calcareous grit, which assumes 
the aspect of coarse limestone. These sandstones 
are brown externally, but grey or blue within. Irre- 
gular layers of clay occur in places, and friable beds of 
decomposed shells. The prevailing colour of the sand 
is yellow, but sometimes it is ash-coloured. At Studley, 
near Oxford, Dr. Buckland detected a peculiar bed of 
clouded grey colour, and very tough and dense texture, 
a sort of argillaceous chert, rich in pinna;, ammonites, 
and other organic remains. It probably belongs to the 
lower part of the rock. 

The calcareous grit of Ileddington, also rich in orga- 
nic remains, ammonites, belemniles, plagiostomata, pec- 
tines, &c., is a very coarse rock, with an abundant 
admixture of quartz pebbles, chiefly of small size, and 
fragments of shells. It forms irregular beds and con- 
cretions in beds of c\uartzose sand, mixed with calcareous 
matter. 
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Geology. Professor Sedgwick’s description of the calcareous 
(Jli. II. grit of Weymouth makes us acquainted with a more 
complete series than that of Wiltshire and Oxfordshire. 
The following statement of beds there is in the ascend- 
ing order : 

a. The lowest beds upon the Oxford cloy are black, and mengro 
to the touch, filled with irregular branching stems like alcyoniu. 
h. Thin beds of yellow sand and sandstone, 
c. Strong ferruginous jointed beds of calcareous grit. 

J. Blue argillaceous beds, alternating with hard compact bods with 
an even fracture. 

e. Yellow sand like b , with beds of calcareous grit in the upper 
part. 

Beds of oolite succeed. 

The section of the lower calcareous grit on the York- 
shire coast between Filey and Scarborough lias a 
striking resemblance to that of Weymouth. Imme- 
diately on the Oxford clay rests a series of grey marly 
sandstones, 70 feet thick, gradually becoming more 
yellow and more consolidated upwards, till they assume 
the harshness which belongs to stones usually called 
chorty. This cherty bed appears to correspond with that 
mentioned before at Studlcy. It continues across the 
inoors to Ifambleton. Above these runs a band of 
yellow sand, nine feet thick, enclosing large spheroidal 
highly indurated calcareous balls. This band is trace- 
able through the interior, where it forms rabbit-warrens, 
as far as Whitestone Cliff, and there the balls are of 
immense size. When they fall out, the rock looks 
cavernous. The upper part of the rock consists of strong 
beds of calcareous sandstone, very remarkably covered on 
the surface, and also penetrated by branching cylindrical 
bodies, which continually remind us of sponges. The 
upper beds of this scries are of a redder colour, and more 
calcareous than the others, remarkably full of shells, and 
in some places alternate with two or three beds of oolitic 
limestone also shelly. In the interior of the inoors. B thcy 
are often used for wallstone. It is not always quite 
easy to draw the line between them and the oolite above, 
especially when the latter is unusually shelly, and no 
coral bed intervenes. 

According to Mr. Lonsdale Hhere is in Wiltshire a 
pale blue clay, 10 feet thick, interposed between the 
lower calcareous grit and the coralline oolite. 

The coralline oolite, or coral rag group, as described 
by Smith, Conybearc, and Lonsdale, near Oxford, 
Wootton Basset, and Bath, sccins not so complete a series 
as that described by Professor Sedgwick at Weymouth, 
and by other authors in Yorkshire. 

Weymouth. The thickness of the whole group is greater in York- 
shire than elsewhere, hut no where in that country ex- 
ceeds 80 feet. The section at Weymouth gives above 
the calcareous grit the four following groups : 

Many beds of pure oolite with beds of argillaceous partings, 
alternating with other shelly oolitic bed<, somewhat resem- 
bling forest marble. In some of those beds the oolitic particles 
are associated with a variety of marl, and are incoherent. 

Thin beds of oolitic marl, containing innumerable specimens of 
the smnll clypeus clunicularis, casts of melanin;, &c. 

Beds of impure sandy oolite, containing, besides other fossils, a 
few specimens of ostrea deltoidea. 

Thick limestone series, at the bottom of which lie masses of 
coral rag, containing caryophyllia annulata, astrsa®, &c. with 
innumerable fragments of trigonia clavclluta. In tlio higher 
portion are many meagre sandy beds, nearly resembling tho 
lower calcareous grit, but more calcareous, and with a finer 
suite of organic remains* 

- 1 \V*ilt- M r - Lonsdale describes the Wiltshire coral rag in 
three divisions which do no* succeed one another iu any 
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certain order, but rather intermix with and replace one Gcnloirr. 
another. One of them, from which the formation takes Ch. II.' 
its name, is an irregular mass of nodules mostly crjs- 
tallized, but sometimes earthy, and connected together 
by pale bluish clay. These nodules consist of little else 
but corals of the genera astride, caryophyllia, and 
agaricia, especially the former, which sometimes sepa- 
rately compose the whole mass. The lower part of this 
bed sometimes affords a dark blue crystalline limestone. 

Another form o r the rock is found in the oolite of 
Calm*, which consists of alternations of hard shelly noble 
used for Hags, and soft, perishable, scarcely oolitic, lime- 
stone, workable by sawing parallel to the beds. 

This form of the rock passes into the third or ruhhly 
oolite, which is the most abundant variety in Wiltshire. 

This is a nodular rock with very indistinct stratification 
and much irregularity of texture, occasionally with ova 
three-tenths of an inch iu diameter, constituting what is 
called pisolite. 

In the deep pit through Kimmeridge clay on the line 
of the Wilts and Bucks ('anal, this rock was very thin, 
scarcely oolitic, hilt chiefly a cellular mass of carjophyl- 
liie and astride, and a similar character prevails in some 
quarries in the neighbourhood of Wootton Basset. Be- 
low it the lower calcareous grit was in the state of loose 
sand. 

Mr. Conybearc divides the coralline oolite near Ox- ()\fui<U 
ford into two parts, of which the upper is a calcareous hhue. 
freestone of clo^e texture, full of comminuted shells, 
and irregularly oolitic or pisolitic. 9 The beds arc* veiy 
thick, and the stone has been much used in buildings at 
Oxford, but is not found to be durable. The lower part 
is the true coral rag, consisting of two or three course-, 
of nodular ruhhly rock, very crystalline in aspect, and 
composed of masses of astride and caryophyllia 1 , with 
admixture of echinital and shelly fragments. 

Til Yorkshire the lower beds of the coralline oolite \mkdiiio. 
are in general exceedingly shelly, and full of d\ pens 
dimidiatus, clunicularis, Ac*, and on the North side of the 
Vale of Pickering, at ilackncss, Khherstnii, Ac. are 
marked by an irregular bed of coral (asinea*) and 
sponges. The middle part of the rock is regularly 
bedded with thill partings of clay, and very large ver- 
tical joints ; the different beds vary much iu the same 
quarry, from a soft, loose, whitish oolite to a solid rock 
with blue centres and large pisolitic spherules. At Mal- 
ton it is more uniformly oolitic, and very full of melaiiia?, 
trigoniip, plugiostomuta, &c. and organic remains of all 
kinds. Near the upper part in the Ayton quarries is :i 
bed of caryoph) Ilia; and echini, and the rock i's crowned 
at Siiiningtoi), Ilelmsley, &c. by a bed filled to excess 
with turritellce and melaiiia.*. Melania striata and tur- 
ritelhe occur near the top of the rock about Bromptou 
and I lack ness, hut at Mallon they lie indiscriminately. 
Ammonites chiefly belong to the lower beds. About 
Kirkdnlc and Ilelinsley layers of obscurely defined 
nodules of bluish-grey chert, having the texture of 
sponges, lie in the lower part of the rock, and remind 
us of the silicious sponges of the Portland oolite. 

These sections will show at once the general accord- 
ance of the characters of this irregular oolite, its varia- 
ble thickness, and indefinite order of succession, cir- 
cumstances which belong indeed more or less to all the 
oolitic formations. The corals which characterise the 
rock, lie very unequally, yet perhaps we may perceive a 
tendency to form two layers, one near the top. the other 
at the bottom of the rock. The Oxford series seems 
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Geology, imperfect by the deficiency of the upper members ^ a 
Gh II. circumstance probably connected with ancient denuda- 
tions, by which also this rock has been greatly affected 
in ditferent parts of Yorkshire. 

Upper Ciilc The upper calcareous grit, obscurely indicated at 
got. Weymouth, and very thin and unimportant in Wiltshire, 

(where it appears separated from the oolite by ferrugi- 
nous clay.) is of considerable note along the North side 
of the Vale of Pickering, especially about Hclmsley 
nml Hackness, It then reaches even a thickness of 60 
feet, and by intercalating its upper part with the Kiin- 
meridge clay establishes u transition from the middle to 
the upper oolite formation. Jt is in general more ferru- 
ginous and less cherty than the lower calc grit, and ill 
Yorkshire contains apparently fewer organic remains, 
but of the same kinds. It has been entirely removed 
by denudation from the oolite cliffs of the coast. At 
Weymouth its fossils are numerous and fine. 

Upper Oolite Formation. 

The upper or Portland oolite formation, consisting of 
limestone above and clay below, might be expected to 
occupy a country, whose physical geography should 
strongly resc.mlile that, of the district of coralline oolite. 
The area occupied by the calcareous group is indeed so 
very small in England, that little can be said on this 
point concerning it. Its commanding appearance in 
Portland Isle, in the Vale of Pewsey, at Swindon, and 
in the Vale of Aylesbury, is analogous to that of the 
oolitic rocks in general, and the sands with which it is in 
some places associated, increase this resemblance. 

K i nrimc The Kimmeridge clay in its much longer and more 

ri«lge cluy. connected range in Dorsetshire, Wiltshire, Berkshire, and 
Buckinghamshire, (where it can be traced at least as far 
as Little Brickhill,) and beneath the wolds of Lincoln- 
shire, and through the Vale of Pickering in Yorkshire, 
presents the usual characters of a thick day deposit, 
broad vales with a cold, stifF soil, without springs. 

The Kimmeridge clay at its typical locality in the 
(sic of Purbeck appears in the cliffs, as a laminated clay, 
bluish or greyish-yellow, dividing spontaneously like 
other shales into large tabular masses, the joints often 
lined by calcareous spar. Layers of small argillaceous 
nodules occur. It passes gradually into a bituminous 
shale, imperfectly combustible, and finally into layers of 
brown shaly coal, specific gravity 1.319, which burns 
with a smoky yellowish flame. Alum was formerly 
manufactured tioiii these shales. The group is sup- 
posed to equal COO feet in thickness. ( Geology of Eng- 
land ) In the Vale of While Horse at Even Swindon, 
it was penetrated by a well to the depth of 233 feet, and 
the additional thickness of the incumbent beds in Swin- 
don Hill being taken at only 70 feet, the stratum will 
appear 300 feet thick. Near Oxford it is only 100, and 
at Bagley Wood was found only 70. In Lincolnshire 
and Yorkshire its thickness generally appears much less 
through the unconformity of the chalk strata. 

Near the bottom of the Kimmeridge clay in the Vale 
of White Horse, below the layers of ostrea delta, were 
found a band of coarse oolitic ironstone with fossils and 
layers of septaria, with ammonites, troclii, and many 
other fossils much allied to those of the coralline oolite. 
Shale and bituminized wood were found at about the 
middle of the clay, and above this a course of thin balls 
of sLoue with mineral water. Near Weymouth the 
lower part of the clay contains, above large beds of 


ostrea delta, beds of ferruginous impure calcareous Gei. 1 . 
grit, partially oolitic, and alternating with beds of red ll 
and green sand and blue cluy containing ostrea della. 

Small bauds of calcareous grit may be seen iu the lower 
part of the Kimmeridge clay of Yorkshire, below layers 
of ostrea delta. It thus appears that the remarkable 
species of oyster so named by Mr. Sowerby is a very cha- 
raeteristie fossil of the lower parts of this clay group, 
and its manner of occurrence is equally so. For whether 
in Yorkshire, at Hclmsley, Kirby Moorside, Elloughton, 

Ac. in Lincolnshire at Market Basin, at Little Brick- 
hill in Buckinghamshire, at Heddington near Oxford, 
at E\cn Swindon and Pensey Vale in Wilts, or at Wey- 
mouth, and wc may add, at Havre, it always appears in 
broad continuous floors, parallel to the planes of strati- 
fication, the valves usually together, with young ones 
occasionally adherent to them, and entirely imbedded 
in clay, without nodules or stones of any kind, and 
without any other organic remains in the layers. 

The upper oolite group consists, like those pre- Portland 
viously described, of a variable mass of sand and sand- oolite, Arc. 
stone concretions, surmounted by a partially oolitic, 
shelly limestone. Were the rock to be seen more com- 
pletely it is probable that it would also show a less 
definite arenaceous zone above. In Purbeck it is covered 
by the f'reidi- water or Wealden formation, and in Wilt- 
shire, Beikshire, and Buckinghamshire by the green sand. 

The varieties of composition in the limestone are 
such as have been noticed for the other oolites, riz. 
fine-grainerl while oolite, loose granular limestone of 
earthy aspect, and compact cactaceous limestone with 
conchoidal fracture. 

In the Island of Portland the groups present, accord- 
ing to Mr. Webster, (Geological Transactions ,) the fol- 
lowing characters. 

Stnnr brush, a cream-coloured limestone 3 feet. 

Parting of the samo with block clay ... 1 

Cap stone, iu three layers, with partings 
of cla), cieam-coluured and haid, m> 

as to turn the points of the. tools 10 

■Roach, a rock composed of fragments of 
oyster shells, cemented together .... 6 

While beds, marketable stone 5 

Layers of flint and slouy rubbish. ..... 6 

Middl- bed, in.ukctuhlu stone, with lew 

marine impressions 5 

Parting stone with shells of no value . . 2 

Third bed with few shells, generally the 

most saleable freestone 7 to 14 

Many layers of Hints and of unservice- 
able stone 50 to 60 

Still lower, according to Dr. Buckland and Mr. I)e 
la Bee he, is a bed of sand and sandstone 80 feet thick, 
with gt ecu grains, and very like to the tower green sand. 

At Chicksgrove, in the Vale of Tisbury, Wills, the 
series of limestones, more or less associated with sand, 
especially in the lower part,reaches more than 60 feet ill 
thickness. Miss Be nett, who has extracted so many 
treasures from those quarries, lias given a minute section 
of the beds. 

The five upper beds, amounting to 29 feet, consist of white limestone, 
locally called chalk, with one iuterpnsed layer of had shelly 
stone, and a band of cherty flint 4 inches thick. The middle 
bed of this limestone, 2 feet thick, is excessively rich in shells, 
but the thicker beds above and below contain none. 

The next three beds of the quarry, amounting to 10 feet, consist of 
sandy limestones, with fragments of shells. 

Fivo beds below consist of sandy limestone, mostly compact and 
shelly, with grains of giceu sand in greater or less abundance. 


Upper beds . . J 


Middle beds.J 


Lower beds . . 
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Geology. The three lowest beds are composed of loose sandy limestone, with 
Ch. JL more or less cf the green grains before noticed, shells and 

• fragments of shells. 

The shells most abundant at Chicksgrovc are tri- 
goniaL pectines, ammonites, uniones, t roc hi, &c. 

Brill, &c. The imperfect sect i oils at Brill Hill and Oars mg ton 
present several points of analogy with the above section, 
especially in the presence of the cretaceous bed, and the 
quantity of sand below the calcareous part of the rock 
is well seen here and at Shotover, where it encloses in 
the lower part large, grotesque, concretionary blocks of 
sandstone, sometimes full of shells, and generally abun- 
dant in green grains. 

Abundance of green grains accompany these lower 
beds in their course through the Vale of Aylesbury, and 
are also recognised at Swindon. 

The height of the ground occupied by the detached 
portions of the upper oolite group is considerable in 
Brill Hill, (780 feet,) in Shotover amounts to 500 feci, 
at Swindon probubly 400 feet, in Portland 300 feet, but 
in the Vale of Pewsey it is very low. 

Dirt bed of One of the most interesting observations concerning 
Portland. jj lc circumstances which intervened between the marine 
deposits of oolite and the fresh-water or estuary deposits 
of the Purbeck clays and limestones, is that of Dr. Buck- 
land and Mr. De la Bcchc on the dirt bed which lies 
between these groups of strata in the Isle of Portland. 
This bed is compared by those acute Geologists to black 
vegetable mould. The stems of cycadosB and larger 
coni ferae, which arc found in this bed, often “stand erect, 
and have their roots attached to the black soil in which 
.they grow thus presenting us with an ancient sub- 
merged forest, for comparison with the more modern 
submarine forests which in so many points margin the 
English, Welsh, Scotch, and Irish coasts. 

It is concluded by these authors that the Portland 
rock, whereon these plants are stated to he in the place 
and attitude of growth, had been raised to become dry 
land, and then sunk again, under such circumstances as 
to become covered by fresh water, which produced the 
Purbeck limestones and clays ; and it appears a 
matter of pmhuble inference that at the same periods 
the whole Wealden district was submerged under nearly 
the same circumstances. The absence of conglomerates 
and dislocations appears to prove that these submersions 
were effected quietly and gradually ; certain beds of 
oysters show that the waters were at least occasionally 
brackish, the sea again regained its dominion, and de- 
posited the cretaceous rocks and marine testacea, and 
finally yielded place again to a lacustrine deposit. 

Wealden Formation, 

Until the appearance of Mr. Mantell's Works on the 
Geology of Sussex, the peculiar relations of the vast 
thickness of sandstones and clays of the interior of Kent, 
Sussex, und Hampshire, were entirely misunderstood. 
No one supposed that these immense strata were alto- 
gether of a peculiar type, and interpolated amidst the 
rest of the marine formations, as a local estuary forma- 
tion, of which only very faint traces can be perceived in 
other parts of England. Always striving to make par- 
ticular results harmonize into one general system, Mr. 
Smith and other Geologists at one time referred the in- 
terior sandstones to the “ iron sand/' and the Weald 
clay to one of two beds, confused under the title of oak- 
tree clays. This mode of classification seemed, indeed, 


tolerably consistent with the mineralogical characters of Geology, 
the formations, but was found wholly at variance witli Ch. II. 
their animal and vegetable remains. For these, instead 
of being fossils of the iron sand and Kimmcriilge clay 
or Gault, were really a peculiar suite of terrestrial and 
fluviatile cxuvisc of which very few r traces have been 
perceived elsewhere. 

Mr. Mautell’s publications have clearly shown that 
the true place of the whole Wealden formation is below 
the iron sand or lower green sand, and, probably, im- 
mediately above the Purbeck limestones, which overlie 
the Portland oolite. 

The only places in England where analogous beds 
are known to occur, are at the back of the Isle of Wight, 
in the Isle of Purbeck, along the South side of 'he 
Dorset Downs, and in the Vale of Tisbury in Wilts. 

The Wealden formation naturally divides itself into U roups of 
two groups, which give distinct physical features to the ealden 
Countries which they occupy; and if to these we add the * 4,rm ‘ ltu,n - 
Purbeck limestones below, we have the following order 
of succession. 


Upper group. 
Weald clay. 


Middle group. 
Hastings Hands.] 


Lower group. 


Pale blue day, of considerable but variable thick- 
ness, having in the upper part septarm of ar- 
gillaceous ironstone, and in tlm lower part 
beds of the shelly limestone, called Sussex 
marble. 

Fawn-coloured sand and friable su ml stone. 
( Ilorsham beds.) 

Culciferou* sandstones, alternating with friable 
and conglomerate grits, resting on blue clay. 
(Til gate beds.; 

While sand and friable sandstone, alternating 
with clay. (South suiidstune.) 

Bluish-grey limestone alternating with blue clay 
and sandstone shale, and some buds of chIci- 
ferous sandstone. ( Aslihurnlutin beds.) 
jTlu* Purbeck beds, consisting of shelly limestones 
| alternating with clay. 


The Weald clay forms one general \ alley, most con- Weald clay, 
spicuous on the Northern side, between the elevated 
central ridges of the Hastings sands, and the chalk 
downs of Kent, Suney, Hampshire, and Sussex, from 
Ilythe by Tunbridge, Ilartiugcoinbc, Ilailsham, to Pe- 


vensey. 

The Hastings sundsdistiiiguisli themselves by fotming Hayings 
a central axis of elevation along what is called the wools. 
Forest ridge, by Battle, Crow borough, and Tilgatc Foiest 
to Ilorsham: Crow borough, the highest point, is SOI 
feet above the sea. This arrangement may he studied 
on Mr. Man toll's and Mr. Smith's sections, hut the 
general axis of elevation is so contused by a number of 
local disturbances, and is, moreover, so broad a ridge, 
that its character is often overlooked. Those who 
suppose the chalk of the Northern and Southern es- 
carpments to have once extended overall the area of 
the Wealden formation, and to huve been subsequently 
removed by watery violence, have rightly applied to 
this devastated region, the name of the great denudation. 

Whether, in truth, the Purbeck beds should he thus 
ranked in a separate section, or be considered as the 
equivalent of the whole argillo-calcareous formation of 
the Weald, is, perhaps, matter of doubt. It is however, 
certain that the most decided analogy prevails be- 
tween the upper part of the Purbeck series am! the 
marble beds of the Weald clay. We shall now add a 
few details on these groups in succession, beginning 
with the Purbeck beds. 

These consist of ninny thin strata of argillaceous Pnrlieck 
limestone, alternating with slaty marls and form an 
aggregate of 300 feet in ihickue^. Mr. Webster de- 
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scribes the beds of stone as consisting chiefly of shells, 
usually, hut without certainty, referred to the fresh- 
water nouns pallidum. They might, with equal con- 
fidence, perhaps, he supposed to belong to ail ancient 
littoral genus of the family tiirbinucea. Hut a small 
portion of these calcareous beds is fit for columns, 
chimney-pieces, and oilier architectural uses for which 
the “ Purbcck marble** is celebrated. Our cathedrals 
were formeily supplied from quarries in the very high- 
est part of the series, which are now extinct. The 
shells in this stone are usually small palud iniform shells. 
According to Mr. Middleton, three veins of good stone, 
not exceeding altogether 17 feet, lie in the midst of al- 
ternations of other stone compact or shelly, and black 
slaty clay, more than 270 feet thick. 

r l he Ashburiiham beds, above 100 feet thick, consist of 
shelly limestone and shale, alternating with blue clay, and 
containing subordinate beds of ironstone and sandstone. 
Limestone, of a. dark bluish-grey colour, full of immense 
quantities ofhivalve shells, more or less spathosc, is the 
most characteristic deposit of the group. The shale 
which is associated with this limestone, sometimes con- 
tains the same shells in a white friable state. Tu an- 
cient times the rich ironstone accompanying this lime- 
stone was, through the use of the latter as a flux, con- 
verted into iron by wood fires, and tints, in part, have 
the vast forests of Sussex been diminished. The shells 
are usually supposed to belong to cyrena or cyclas, in 
accordance with the opinion that the whole Wealden 
formation is of flirvialilc or estuary origin ; but this is 
still an obscure point, and some of the shells appear to 
resemble liticula. At Poundsford a bed of calciferous 
Til gate sandstone is found under a bed of the Aslihufn- 
ham limestone, and the same was found in some of the 
limestone pits of Lord Ashburiiham. 

The Worth sands and sandstones afford a fine soft 
building-stone, extensively dug at Worth, near Crawley. 
The sandstone is for the most part of a white or pale 
fawn or yellow colour, and occasionally contains leaves 
and steins of ferns, annuli nuceous plants, and other 
vegetable reliquise. They may be well studied in the 
cliffs near Hustings. 

The Tilgatc beds consist of three divisions. The 
lower one is clay or marl, of a bluish-grey colour, alter- 
nating with sand, sandstone, and shale, and containing 
stems of vegetables, and very rarely bones and shells. 

The middle division consists principally of* large eon- 
crctional or lenticular masses of a compact calciferous 
grit, or sandstone lying in sand. The stone is fine 
grained, of a light grey colour, inclining to blue or green, 
and is composed of sand, cemented together by about 
25 per cent, of crystallized carbonate offline. Its frac- 
tures frequently show glistening faces. The lower por- 
tions of this bed form a conglomerate, and contain 
•pebbles of quuitz ami jasper, sometimes evidently vvater- 
w'oru. (Ot this stone are three nr four layers, from 2 
or 3 inches to 1-1 or 2 feet, associated with sand.) The 
surface of the blocks is often covered with mammillary 
coucrctions. These are the strata from which Mr. 
Mantell has drawn the astonishing profusion of animal 
and vegetable remains. The vegetables are wholly of 
terrestrial origin, mostly of cryptogamous and gymno- 
spermous structure. There are probably no zoophytic 
remains. The testucea (mostly casts) much resemble 
the lacustrine genera, paludina, unio, cyrena. Fish- 
tcelh and scales abound, with remains of a land tortoise, 
a fresh-water and a marine turtle, plesiosaurus, cro- 


codile, tnegulosuiirus, hyhrosaurus iguanodon, and some Geology, 
kinds of aquatic birds. Ch. II 

Irregular alternations of sand and sandstone, of 
various shades of green, jellow, and ferruginous, the 
surface often furrowed like the sand on the sea-shore, 
co\cr the whole group. 

The Horsham beds of sand and friable sandstone, 
grey, yellow, or ferruginous, with occasional intersper- 
sions of ironstone, and a very large proportion of disse- 
minated small linear portions of lignite, form the upper 
division of the Hastings group, and cnciicle the im- 
mense Tilgatc beds. The sandstone is micaceous and 
ferruginous, and sometimes holds a considerable pro- 
portion of calcareous matter. These beds alternate with 
a stiff grey loam or marl. The lignite is conjectured to 
have been derived from carbonized ferns. 

The Weald clay group, besides its general physical Weald cluy 
features already mentioned, has little to detain us. The group, 
septaria of this clay are composed of a deep red, argilla- 
ceous ironstone, and w ith remains of fishes and cy prides, 
occur in layers of two or tlncc feet in thickness in the 
upper divisions of the clay. The shelly limestones, so 
well kuowu by the name of Sussex marble, appear to 
occupy chiefly the middle beds of the Weald clay. They 
occur in layers of a few inches or afoot in thickness, sepa- 
rated from each other by seams of day or course friable 
limestone. The compact varieties, when polished, exhibit 
sections of the enclosed shells. These arc usually re- 
ferred to paludina, and have been compared to the recent 
paludina vivipara, and they are associated with the shelly 
remains of a minute branch] opode, (cypris?) from which 
circumstance it is inferred that the Weald clay is a lacus- 
trine deposit. This shelly marble occurs all along the line • 
of the Weald clay from Leighton to l\»t worth. New- 
digate, South of Tilvcster hill, and Bellicrsden in Kent : 
potamiduV and cy reuse have been collected from this 
clay. . 

The evidence upon which it is now very generally Of frc«h. 
admitted that the Wealden formation was a fresh-water water 
or estuary deposit, is founded upon a contemplation of ori gin. 
the organic remains, and this subject admits of three 
general observations. 

First There is in all the strata of the Wealden forma- 
tion, whether sandy, argillaceous, or calcareous, an almost 
entire absence of decided marine genera of shells and 
zoophyte. In particular, the numerous and characteristic 
tribes of ammonites uud belemnites, of trigoniic, terebra- 
tulic, and ostresp, of cchiuida, stellerida, and polyparia, 
arc entirely absent, a circ umstance certainly unparalleled 
in any section of equal v ariety among marine strata. 

Secondly. What shells there are have most generally 
the forms of fresh-water or littoral genera, and it may 
be remarked especially that this kind ot evidence bear* 
with most force upon the middle group. 

Thirdly. The plants which abound in this middle 
group are of terrestrial, or marshy, and not of marine 
origin, and the saurian remains also indicate the htloia. 
or marshy life of those monstrous animals. 

We may therefore confidently adopt Mr. Manic IPs 
conclusion of the fresh- water origin of the materials of 
the Tilgale beds, and suppose these materials to have 
been deposited in an estuary by one or many nvers ; 
and also refer to a similar place of deposit , the lower 
bed of limestone and clay, and the upper group or Weald 
clay ; but that the materials of these argillo-calcareous 
deposits were also derived from the land is not yet 
proved in the same manner os has been done for the 
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Geology. arenaceo-caleareous deposits of the forest ridge. What* 
Ch. II. ever |na y j mvc been the causes, it is probable that the 
change from the truly marine Portland oolite to the 
supposed lacustrine Purbeck beds is gradual , and the 
same must be said of the change from the Weald clay to 
the lower green sand. The varying force with which 
the water-floods of the land were introduced into the 
.supposed estuary or gulf may, perhaps, explain both 
gradations of the extreme groups and Die determined 
fresh-water origin of the middle group of the Wealden 
formation. 

Oolitic System. — Foreign Localities . 

Rango and The oolitic system is so largely developed in England 

extent. as to form a very conspicuous if not the principal fea- 
ture in its Physical Geography, and its extreme ramifica- 
tions teach the Northern and Western coasts of Scotland, 
and the Eastern shore of Ireland. Rut the range of 
these rocks is still more extensive on the Continent of 
Europe, and obscure indications of the continuation of 
the lower formation of lias occur in North America and 
are repeated in India. In France, abroad belt of oolitic 
rocks borders on the East the primary rocks of Brit- 
tany and La Vendee, and sweeps round the basin of 
Paris from the coast of Normandy, (Calvados,) by Fa- 
laise, Alcnqon, Lcmans, Sautnnr, Poitiers, ( liateau- 
roux, and N overs, and through Burgundy, Tranche- 
Comte 1 , and Lorraine, till, along a line from Avesnes to 
Luxemburg, it abuts against the slate mountains of the 
Ardennes. From Poitiers the oolites continue them- 
selves Westward to La Rochelle, Southward to Angou- 
leme, Perigneux, Labors, and the vicinity of Montauhuu. 
A little discontinuity here occurs, but the oolites of 
Rhode/, and the C'evcmics mountains, by continuing 
themselves South-Wcstwaid to Montpellier, Carcassone, 
and Foix, along the Northern slope of the Pyrenees to 
Fontarabiu, and North-Eastward to Mon tel i mart and 
Grenoble, and so to the Jura, and South-Eastward to 
Marseilles and Nice, unite into one iricgnlar mass the 
whole area of the French oolite. Those formations are 
largely developed in Spain, and, in particular, form a 
band on the slope of the Pyrenees. 

Along the Swiss border of France rims the long cal- 
careous chain of the Jura, and this whole mountain 
region is a muss of the oolitic rocks. It is therefore 
generally assumed on the Continent as a type of the 
system, and the terms Jura kulk, Jura formation, are 
exactly equivalent to our oolitic system. This is con- 
nected below the alluvial valley of the Saoue with the 
oolites of Burgundy. In its continuation Northward, 
the Jura ranges pass in a broad belt through Wiirtem- 
berg, Bavaria, and Franconia, and reach the Maine as 
it issues from the Bohemian mountains. 

The Jura is also connected, by crossing the Rhone 
below Geneva, with the limestone which follows the 
range of the Western Alps from Provence through the 
Tarentaise and Savoy into the Valais, and continues 
. along the Oherlutid mountains, across the Lakes of 
Thun, Brieutz, Lucerne, and Wallcustudt, and then 
beneath the Tyrolese and Styrian Alps, by Inspruck and 
Salzburg, to the neighbourhood of Vienna. Nor is tin's 
the end of the enormous range, for the Northern border 
of the Carpathians about Cracow and Dynow is defined 
by vast breadths of compact oolite. 

On the Southern side of the Alps, the same limestones 
appear in great force, and stretch through Illyria and 
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Cannula to Trent, and the Lakes Guardu, Isco, Como, 
Lugano, and Maggiorc. 

Besides these immense ranges of rocks of the oolitic 
area, many smaller detached portions may be seen upon 
Yon Bucirs and other Maps, and one in the Northern 
part of France, around Boulogne, is of particular in- 
terest. 

It appears, then, that the sea which deposited the 
oolites Hunted round, or perhaps ] covered the spaces 
where now rise on high the Alps, the Carpathians, the 
Pyrenees, Auvergne, the Vosges, the Black Forest, and 
Bohemian mountains, in genera! coi responding to the 
basin in which the. saliferous system was formed. The 
original arrangement of the rocks has been in places 
immensely disturbed, and \nst regions ha\e been devas- 
tated by Hoods, yet no doubt the general geographical 
outlines of the system are nearly what they always weie. 

It may not be easy always, in the present slate of know- 
ledge concerning the extent of subterram an movements, 
to say what were the depths and the shallows ot this 
great oeoan ; blit even toward this very considerable 
approximations may be made by computing the mineral 
and zoological and botanical eliaraeteis ot the deposits 
in different places. 

Notwithstanding their vast extent, it does not np- |y u isio,,* 
pear that the continental oolites are any where subject ol'tliosy*- 
to greater variation and composition than the English ti>m * 
series. 

In the North of France most of the groups acknow- 
ledged by tlie English Geologists may be recognised, as 
the lius, inferior oolite, Bath oolite, forest inaible, Oxford 
clay, coralline oolite, Kimmo ridge clay, and even the 
Portland oolite, (Lie la Roche, (Seal. Trans.) and the 
01 ganic remains are either very similar or identical. 

But in the vicinity of the granites of Auvergne, it is 
difficult to distinguish muie than the lias, and one great 
overlying mass of oolites indistinctly divided, except by 
having in the lower part a ferruginous bed sometimes 
accompanied by ferruginous sand probably coi respond- 
ing to that of the inferior oolite. 

The Jura shows us distinctly the lias, and a mass of 
calcareous rocks, sometimes perfectly oolitic, in other 
places earthy or compact, occasionally intcrluminuled 
with clays, but hardly capable of any clear and satisfactory 
divisions. The lower parts arc often ferruginous and 
sandy, and clearly represent the inferior oolite. The 
upper parts, nevertheless, by admixture of chlorine grains 
and beds of green sand, appear to represent the upper 
oolite series of England, until, as may be particularly 
observed in the Salfive, it is difficult not to allow that 
the oolitic and cretaceous systems arc united in the cap 
beds of the Juia-kulk. This should be compared with 
the previous notices of green sand below the Portland 
oolite. The fucoid grits along the line of the Eastern 
Alps clearly belong to the green sand, and the ickitioiiH 
of the hippuritc limestone, which is at the top of the 
alpine kalkslciu shows that the causes which in Eng- 
land and the North of France have occasioned such de- 
rided differences in the oolitic series, and established so 
many groups, did not obtain in these parts. It is ex- 
tremely probable that this is merely the dillercnro be 
tween littoral and pclupinti deposits. In England, gene- 
rally, the disturbance of a shone is indicated by the more 
numerous alternations, beds of clay and sandstone, 
rolled shells, ripple mark**, and laud plants, and, whore 
these characters go to eMieme, the whole formations 
appear changed to a coal sy tem. Something like this 
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happens, as before mentioned, nt the Porta Westphalica, 
hut the greater part of the oolitic limestone of France, 
Germany, and the Alps, appears to have been deposited 
in deeper and more quiet waters. Through all these 
Countries the proportion of limestone to the more me- 
chanical deposits is much greater than the average of 
the English series, the marks of disturbance are mostly 
wanting, the lines of division are obliterated, and the 
products of the land infrequent. Perhaps we may in 
this way account for the smaller number of organic 
remains belonging to the Alpine limestones; fur if these 
were eminently pelagian, they should probably contain 
fewer marine exuviae, since we. have good reason to 
believe that the deepest parts of the sea, where light can 
hardly penetrate, and all is dull repose, are ulmost de- 
void of organic life. As the borders of a Desert are rich 
in every vegetable hue and resonant with all the voices 
of animals, so are the borders of the sea prolific of ex- 
istence, hut the Sahara and the Ocean are equally dead at 
their centre. 

The oolitic texture seems to lose itself in the same 
manner toward the Alps, amongst which it can be 
seldom seen, and in general the paucity of organic re- 
mains is greatest in the most compact or most crystalline 
of the varieties of these limestones. The Jura, through 
its whole range in Wiirtcmbcrg and Bavaria, uniformly 
shows upon the lias a cap of rocks associated with sand, 
and often passing upwards into ferruginous oolite, and 
the same thing happens above the lias of Hanover and 
Westphalia. 

In the centre of the German Jura, at Solenhofeu and 
Eichstiult, occur beds of white fissile limestone, now 
universally employed in lithography, which abound in 
organic remains, and have been long supposed to be 
much related to the StonesfieUl slates. This relation is, 
perhaps, not supported by their Geological position, for 
this is certainly above not only the inferior oolite previ- 
ously described, but also above a considerable thickness 
of Jura-kalk, mid a variable mass of dolomite. M. Von 
Dechin appears to think these beds of an anomalous cha- 
racter, as indeed their organic remains testify. The 
whole of tills slaty group is seen to thin out near the 
mouth of the Altmiihl between masses of dolomite, 
being entirely surmounted by greensand and cretaceous 
deposits. (Murchison, Gcol. Proceedings .) The author 
just quoted inclines to the opinion that the higher mem- 
bers of the oolitic groups of England, have not yet been 
satisfactorily defined in any part of central Germany. 
This subject will be soon cleared up by the active and 
intelligent Geologists of Germany. 

Dishtrbajiccs of the Oolitic System. 

The parallelism of beds over large regions, the repe- 
titions of similar rocks at frequent intervals, and the gra- 
dual change of the species of ovganic remains through the 
whole series, appear to indicate that the long period when 
the oolitic system was deposited was one in which the ordi- 
nary operations of Nature were uninterrupted by parox- 
ysms of igneous violence. Oil viewing the whole series of 
these strata, and considering the manner in which theirout- 
crops follow one another, it appears that only a very few 
instances can lie pointed out where any beds of the oolitic 
system are really unconformed to others of the same 
system below them. Apparent exceptions to this law are 
indeed presented by every detailed Geological Map, par- 
ticularly in the case of the coralline oolite, but this rock 


appears to have been an irregular and limited deposit. It 
is, perhaps, hardlyenough to justify the term unconformity, 
to show that some of the upper beds of this system have 
probably been removed by wasting effects of water before 
the deposit of the incumbent clay, as at Heddington: 
One case, however, may be mentioned, at Cave, in 
Yorkshire, where, amidst the more striking phenomena 
of unconformity between the oolitic system and the 
chalk, there appears reason to believe that the deficiency 
in cornbrash and forest marble systems may be ascribed 
to a local unconformity of the stratification of the Kello* 
way rock. Other instances will no doubt be discovered, 
hut they will probably be found equally unimportant. 

The case, however, is entirely different when we trans- 
port ourselves to the period immediately following the 
deposit of the oolites. Through a large part of England 
the line of the outcrop of the chalk, green sand, &c. 
follows pretty exactly the range of the oolitic system, 
and of course we must infer that for all those districts 
the bed and boundary of the sea were not at all changed 
in position in the interval between the two systems of 
strata. But at either extremity of the range the plane 
of the cretaceous system is carried over the edges of the 
oolites from the upper to the lower part of the system, 
so that at Bishop Wilton, in Yorkshire, it rests within 
25 feet of the top of the red marl. 

In Dorsetshire, the chalk and green sand by over 
extension rest on all the members of the oolite in suc- 
cession, and at length, in Haldon, actually touch the red 
mui I. 

Mr. Murchison, from his interesting observations on 
the Ord of Caithness, inferred that this granitic mass had 
been upheaved in a solid form, and thus that the contigu- 
ous or neighbouring oolitic strata were broken up. The 
brecciated character so frequent, in these limestones is re- 
ferred to a subsequent recomposition of the fragmented 
parts. Without dwelling on other cases in the British 
dominions, we may fairly infer from this important ob- 
servation, coupled with the former cases, that there was 
an extensive disturbance and angular movement in the 
interior of the Earth beneath the Sea in which the oolites 
had been deposited. Considerable faults, ranging East 
and West, accompany the elevation of the oolites in 
Yorkshire. 

On the Continent very extensive disturbances, hap- 
pening at the same era, show that this was indeed a 
period when the convulsive energies of the subterranean 
regions were strongly and extensively exerted. 

To tilts period M. Elie de Beaumont refers u very 
extensive line of dislocations, connected with the eleva- 
tion of Mont Pilat near Lyons, the Cote d’Or, and the 
Erzgebirge. It is observed that all these axes of eleva- 
tion range North-Eastward and South-Westward, and in 
the regions intermediate between these, marking ridges 
and lines of undulated stratification may be traced in the 
same North-Eastern and South-Western direction, par- 
ticularly on the broad belt of the Jura. 

Without insisting upon the exact parallelism ascribed 
by M. de Beaumont to these lines of disturbance, we are 
warranted in admitting that to the convulsions at this 
period, the long range of oolites connected with the 
ridges of the Jura both in France and Germany, end 
with the line of the Erzgebirge, owe, if not their actual 
height above the sea, some of their peculiar physical 
feutures. The cretaceous system in the vicinity of these 
lilies of disturbance appears to be unaffected by them, 
except by the new outlines which were then given to 
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Geology, the embosoming ocean, from which at a later period 
Ch« II. the chalk, green sand, &c. were deposited. 

The oolites which pass North-Westward from Lor- 
raine are probably continuous under the whole of the 
chalky plains of Picardy, but their superficial outcrop is 
extinguished by the overextension of the chalk to con- 
tact with the slates of the Ardennes, nor is it renewed 
on the Northern side of those mountains. Yotthis case 
may not happen through any unconformity, but be a 


consequence of the irregnlur bed of the ancient sea. Gaahjnr* 
Thus, the red sandstone may be covered and concealed ^ 
by the oolite, and the latter may be hidden below the 
chalk, and yet there may be no unconformity. Tins view 
is supported by the successive coming out in proceed- 
ing to the South-East from Avesnes, first of the oolite, 
then of the keuper, musdidkalk, and red sandstone, 
from their abutments against the older slates. 


Table of Organic Remain s in the Oolitic System . 

N. B. The different oolitic formations are designated, where known with certainty, by the letters/, m, and u, flower, middle, upper,) 

attached to the several localities. 


Plants. (The names chiefly from Brongniart.) 


Family. 


Name*. 


British Localities. 

In Lias. In Oolites. 


Alga Fucoides furcatus 

Stockii 

encellnidus 

tindescribcd England. 

EquisetaceflB.*E<juisetum columuare 

luterale, Phil 

Filiccs . ■ 1 • .Glossopteris N ilsuniana 

Phillipsii 

Pccopteris Agardhian.i 

poly pod ioides 

dent icul at a 

Phillipsii 

Whitbiensis 

Nebhuii&is 

teuuis 

Pingelii 

Reglei 

Dcsnoycrsii 

recentior, Phil. 

exilis, Phil 

rwspitosn,* Phil 

rrislata, Phil. 

Ncuroptcris lobifoliu, Phil 

Sphscnoptcris hyraenophy Houles* 

crrnulata 

denticulata 

Williumsoni 

macrophylla 

muMcoidea, Phil 

digitata, Phil 

Taeniopteris latifulia 

♦vittatn 

Pachypteris lanceolata 

ovata 


St ones field, /. 


Whitby, /. Brora, /. 
Scat borough, /. 


Ditto, /. 


Ditto, /. 

Ditto, /. 

Ditto, /. Colly weston,/. 
Yorkshire coast, /. 


Scat borough, /. 

Ditto, /. 

Ditto, /. 

Ditto, /. Kgton, /. 
Scarborough, /. 
Stonesfuddj/.W hitby ,/. 
Whitby, /. 

Ditto, /. 

Ditto, r. 

Stonehtudd, /• 
Yorkshire coast, /. 
Stonesticld,/. Whitby,/. 
Ditto, /. ditto, 4 

Whitby, / 

Scarborough coast, /. 
Ditto, /. 


Filicite* Bechei 


Cycloptcris digitata, Lind 

Bean ii, Lind.. » 

auriculath 

Clathropteris meuiscioides 

(Phy Ilites ncrvulosus, Phil.) 

Lycopodiaceac.Lycopodites patens 

Wilhamsoni 

falcatus. Lind 

CycadetB. . • .Pterophyllum Wdliamsuni 

comptum, Phil 

minus 

N ilsoni 

dubiura 

majus 

Zamites Bechei Lyme Ucgis 

Buck) and ii Ditto 

lagotis 

hastata 


Scarborough, /. 
Ditto, /. 

Ditto, /. 


Ditto, /. 


Ditto, /. Whitby, /. 
Whitby, l. . 

Whitby coaet, l, 
Scarborough coast, 4 
Scarborough, /. 
Whitby, /. 


Foreign Localities. 

In Lias. In Oolites. 

• ••• Solmhofcn. 

Ditto. 


lltfr. 

Ditto. 


Bornholm, /. 
Ditto, /. 
Ditto, /. 
M.imois, /. 

Ditto, 4 


Ditto. 


f Bornholm, /. Iltdsin- 
l bouig, /. 


Ditto Vosges. 

Ditto. 


Ditto. 

Ditto. 


Muim-is, /. 
Dido./, 
ii.lto,/. 
Ditto,/. 


Zaroia pectinata . . , 

patens 

longi folia . . 
penniformii 
elegans .... 


Stonesfield, /. 
Ditto, /. 
Scarborough, /. 
Ditto, /. 

Ditto, /. 


i o 2 
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Family. 


Niinir. 


Uritinh Lnn»liti«*n. Forrl^fi Localities 

In Lias. In Oolites. In Lias. in Oolites. 


Cycadew 


Conifer® 


Moiiocntylc- 
donuic . . 


Of iineei tain 

tribes . . . 


. Zaniiri Goldiwi Scarborough, /. 

acuta Ditto, /. 

lasvis Ditto, /. 

Youngii . , Ditto, /. 

Feneonis SeysKel, /. 

Mantelli Ditto, /. 

Ditto, /. 

Ndsonia brevia 11 or. 

elongata Ditto. 

(’ycadeoideu mn K iilo|.hjlla,1 Portland, u. 

Drown J 

mic rophylla, D. ...... Ditto, w. 

.TnxitCH podocarpioides Stonesiiold, i. 

Dmchypliyllum mam mill are Whitby, /. 

Tluiytos <li vnric.it a • Stoncsfield, L 

exjmusa Ditto, /. Colly western, /. 

ocutifolia Stum*. s field, L 

ci iprvsai formis Ditto, /. 

,, . r . . . . .. „ fl ... „ fin lower, middle, and 

Conifer® of uncertain tribes. . \\ Inthy, Ac | upper oolites. 

| Diu'klandi.i squamnsa Stoncsfield, l. 

Fluhcllariu vnninca Whitby coasf, /. 

C'ulmites Nilsonii Ditto. 


Mamimll.u ia Desnoyoi sii 


Mainers, /. 


The Valorsine and Tarentaise slaty rocks, supposed 
liy Klic tie Heaimumt to lie of the age of lias, contain 
plants of the carboniferous epoch. If the Geological 
situation of these rocks be rightly determined, wc must 
conclude that certain tribes of plants which flourished 
in the caibonifemns epoch, existed in Ihe vicinity of this 
deposit, under some peculiar circumstances, through the 
whole of the new red sandstone period, and were finally 
extinguished at the commencement of the oolitic eia. 
These plants are in a singular slate of conservation, the 
vegetable substances being replaced by talc— perhaps 
an e fleet of the igneous agency exerted in elevating the 
Alps, which is most rcmuikably exhibited in the granite 
veins and interposed masses of the Valorsiuv. The 
lias along the Alpine chain is frequently prismatized and 
converted into a kind of slate. 

Poly pari a. 

N. D. The has contains very few traces of Polyparia. Antho- 
phyllum sessile is described by Gold fuss from “ tlu: upper part of 
the li.is, M Thill nan. 

Upper .Turn limestone of Wdrtrm 
ben;, Ibivnrm, SnviincrUiul, &c. 
... Solonhofon. 

. . . Streithcrg. 

, . . Ditto. 


Fumlly. 

Fibrosa. 


Name. 


Upper Juru limestone of Wflrtem- 
berg, Ruviiria, Ssiibbuilund, &.c. 
.Sf/pliia articulata Muggcndoif. 


FainUy. Niinie. 

Fibrosa. . Ai'hilleiun diibium.. , 
cheirotoinum , 
nun n*.i twin . . . 


tuberosum llattlieim. 

cuiicellatum Diitu. 

costatinn S'reitberg. 

Manon pe/i/.a Ditto. 

lu.ugiiiiitiiin Daireuth. 

impression Muggendorf. 

Sc}phin cyliiulrica Streiibcrg. 

vbguis Thtiruau. 

r.ilnpor.i Ditto. 

lexturata Gicngcrn. 

* cost sit ii Haircut h. 

vcrrucnsi Chaumont, Struitberg. 

textata Ccgerberg. 

curiosa P.ihs.iu, 

polyumiimta Stieitberg. 

cl.ithrata Ditto. 

niilleporuta ...... Daireuth. 

parullcbi Strcitberg. 

psilopora Muggendorr. 

obi i qua Ditto. 

riigosa Streitberg. 

tenuislria Ditto. 


pxnlonnis 

... St row berg. 

punctata 

. . . Ditto. 

radio for m is 

, . . Ditto. 

reticulum 

, . . Ditto. 

dicty ota 

. . Ditto. 

procumbent 

. . Daireuth. 

parudoxa 

. . Ainberg, Strcitberg. 

empleura 

. , Streitbeig. 

stneta . . . 

. . Ditto, Muggendorf. 

Munsteiii ...... 

. . Strcitberg, Rat is bon. 

prupinqiia 

.. Strcitberg. 

cancel at a 

. f Ditto. 

decurata 

, . . Muggendorf. 

Tlumlioldtii 

. .. Ditto. 

Stembergii . , . • , 

. . . Strcitberg. 

Soldo! tlu-iimi, . . 

. . . Stivitberg, Thurnau. 

Sec. umla 

. . . Streithcrg. 

Verrucosa 

. . . Ditto, Wurgiiu. 

Hrmmii 

. .. Daiieuth. 

inteinvdiu 

, . . liaitheiin. 

Ncesn 

. . Stivitberg. 

**tin biioita 

. . Ditto. 

*cl.»thrata 

.. Ditto. 

cel.ulosa 

. . Osnabruck, Orlenberg. 

Tragus pezi7.mdt*8 

. . Muggendorf. 

*«ieetal>iiluni . . . . 

. . Streitberg, Kirn den. 

pa< eli a 

. • Umiileii, Sieginanngt'ii, 

sp'ienoidea . . . . . 

.. Wiiitemberg. 

tuberosum 

. . K.ibensioiu. 

radiation 

.. Streitberg. 

I'ugosuin 

. . Ditto. 

ret iculatmn 

.. Di-to. 

▼errucosiun 

. . Ditto. 

tubuiOHiiin 

. . Daireuth. 

Gnemiditiui lumellosum . 

. . Damien. 

Ktellatnm 

. . Ditto. 

striatopunctatum 

. . Ditto. 

rirmnoMim 

. . Ditto 

uiummillnro . . , . 

.. S leitberg. 

rot utum 

. . Thiit'Dait. 

tulierosum 

• . ( aien. 

grainilosum 

. . Streitlieig. 

astroplioruni. . . . 

.. Haithvun. 

capital uni 

. . Am berg. 

Siphonin piriformis. . . . 

• • Chaumont. 

Myi inecium hemisphaericuin Th'inuu. 


The preceding catalogue of fibrous polyparia, ex- 
tracted from Gob I fuss, (i Pelrpfactenkund * \) contains, 
probably, many species which further research will idcu- 
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Geology. tify i‘h England. All of them, except when the locnli- 
Ch. II. ties are marked /, are to be referred to the upper or middle 
oolite. All the ascertained British species arc comprised 


in the following singularly short list, which we will ven- Otology. 
ture to say ought to be decupled. Ch. II. 


Spongia floriceps, Phil Yorkshire In middle oolite. 

cl&varioulcs, Lam Wiltshire Ditto. 

Alcyoniuui? Ditto Ditto. 


Family. 

Gorticifera 

Cdlulifera 


Lamellifera 


Nsm«. British Localities. 

.Isis, Park Caine, m. 

.Cclleporu orbiculata 

echinata 

Coscinopoia sulcata 

Retepoia Yorkshire,/. 

Flustra Wiltshire, /. 

Ceriopora radiciforiuis. 

♦dichutoma 

•chivuta 

striata 

angulosa 

alata 

crisp, i 

itWOSH 

radial a 


compress, i, Miin 

orbicul.itii 

Aidoporu. comprcssa 

intermedia, Miin 

decipieus 

dichotomy 

Kntulophora rellaiimdcs, Lam. . . 

Spiropora tetragon, i, Lam 

CiPspitiiN.i, Lain Wiltdiue, /, 

elegans, Lam 

intnc.it, i., Lam 

Kunomea radi.ita. Lam Hath, /. 

Clirysuoi’a diiimceornis, Lain. ... Wiltshire,/. 

spiuosa, Lam 

Thconea eluthr.it, i, Lam Ditto, /. 

Idmonea trifjuetra, Linn Ditto,/. 

Alceto dichotoma, Lam Ditto, / 

Berenice;! dihiviana, Lam Ditto, / 

Snuthii, Phil Scat borough /. 

Tcrebellaria rumosissiinii, Lam.. . Hath, A 

ant dope, Lam 

Thamnastona Luinomouxii, ^ 

Le Sauvugo J . • • • 

Millepora strain inea, Phil. ...... Seal borough, /. 

dumetosa, Lain 

curymbosa, Lain 

couifcra 

pyriform is 

macroiMiilis 

Conodictyuin striatum 

.Mudrepora liinbata 

Pavouia tuberosa ? Wiltshire, Yorkshire, m. 

Kxphmariu mesenterina, Lam. 

lobata 

tilveolaris 

Agaricia rotata 

boletiformis 

crassa 

grantilata 

Meimdnna astroidis 

tenclla 

SoomruPringii 

virgimnmi 

Astr&a microconos 

concinna 

oculutn 

alveolatn 

hebauthoidea 

conflueng 

rosacea 

caryophylluidcs 

cri statu 

agaricites 

sexradiata # 

limbuta 

formosa 

pentngonalis, m 


lu the Oolites of Wtirtembcig, Barirla, France, Ac, 

St re it berg. 

Haute Saone, /. 

Swisseilund. 


. Thurnau. 

. Ditto. 

. Ditto. 

, Ditto, St roil berg. 

. Tin i man. 

, Ditto. 

, Ditto. 

Ditto, St reit berg. 

f ! bin nail. 

Ditto 

1 1 nutc Saone, /. 
HiihcnsL'iu, (Jrn fen berg, /, 
SlreitUrg. 

Htixweilcr. 

Sticitbeig. 

Normandy, /. 

Cucn, /. 

Normandy, /. 

Ditto, /. 

Dii to, /. 

Ditto, /. 

Ditto, /. 

Ditto, /. 

Ditio, /. 

Ditto, /. 

I Into, /. 

Ditto, /. 

Ditto,/. 

Ditto,/. 

Ditto, /. 

Ditto, /. 

Ditto,/. 

Ditto,/. 

Ditto, L 
Ditto, /. 

Streitbcrg. 

llcidenheiin. 


H.iireuth. 

Ditto. 

Hninlcnbcrg. 

Soismujs. 

Ruiidcn. 

Hatfheim. 

Ciicngen. 

Ditto. 

Near Basic. 

Ch.iumout. 

Muggcndorf. 

(iien gen. 

Ditto. 

Ileideubeini. 

Ditto, (fiengen. 
Ditto, ditto. 

Basle. 

Giengen 

Dirio, Ifeidenhe im. 
Salzburg. 

Giengeii. 

Ditto. 

Salzburg. 

Ilultheim. 
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hail?. 

Lamellilera 


Niuno. British Localities. In the Oolites of War Lemberg, Davurla, Fraucc, 

, Astra* a gracilis, m. Bull. 

explanata W in tern berg. 

tubulosa Ditto. 

tubulifera, Phil Wiltshire, m. Yorkshire, m. 

favouioides, Smith Wilt shire, m.Oxon,m. Yorkshire, m. 

inirquulis, Vhil Malton, m. 

inicraatron, Phil. ....... Yorkshire, m. 

arachnoide*, Phil Malton, Wiltshire, &c. m, 

several other species, Smith, in tlio lower oolite. 

Lithodendron elegans Ditto. 

comprcssmn ♦ Ditto. 

gruuulosum Salzburg. 

Caryophyllia annulata, Flem. ... Wiltshire, m. 

cylindrical, Phil. Malton, &c., Yorkshire, tru 

truncato, Lam Normandy, /. 

Brebiusonn, Lam Ditto. 

convexa, Phil Whitby coast, /. 

other species Wilrshiic, Yorkshire, &c. /. and m. Ditto. 

(lyuthophyllum tiutinnabulum Bunz, Bamberg. 

mactra Ditto, ditto. 

Turbiuolia disp.ir, Phil Malton, &c. »/«. 

cuneala Salzburg. 

other species Near Iiath, /. 

Autliophylliim tiubiiiatum Hattheim, Ileidcnheim. 

oheomeum Ditto, ditto. 

sessile Thiirnaii. 

Fungia orbiculites, Lam Bath, l. Normandy, /. 

lac vis SwisNcrluud. 

numisuialis Giengen. 

poly tnorpha D.iuphiu£. 

umlulata Salzburg. 

(liscoidca Ditto. 


Geoloi 

Ch.l 


Radiaria. 


Family. Name. Forcl|pi and ltrithli localities British Localities in Oolito. 

Crinoidea. . • .Eugeniacrinus caryopliylla - \ 

tus, (r / * ' 

nutans, G 

compress ti a, (J 

py Tribune, M 

momhtorme, M . .• 

Hoferi, M 

Solatiociiiius costutiiN, G 

scrotiiculatus, M 

Jaeger i, (i . 

Kncrinites echm itus. Sclil 

Pentdcrinus brmreus Wluthy, Lyme, Boll, 

subaugiilaris Rutland Oxfordshire, /. 

basalt l form is Alsace. 

tuberculatum Ditto. 

caput Medusa; Lyme. Whitby, Alsace. .... Yoikshire, /. Wiltshire,/. .. 

scAlariw, G ’ Wiltshire, /. 

ciugulatus, M 

|ientagmuiiis, G Boll 

momliferus, M Baiieuth. 

aubsiilcat us, M Ditto. 

eubtuiTs, M . 

paradoxus, G 

Jurensis, M 

Apiocriuus rotuudus Bath, / 

clongatus Ditto. / 

rosaeeus, Sclil 

nicspdi fortius, G. ... 

Mrileri, Schl 

Hexuosus, G 

oliconiciiB, G Ditto. 

Rhodocrinus * echinatus, G " [ ' * Ma’.ton, tn 

Bttlierida • • • .G'omatula pumata, G 

tenellu, G ....!..!!!!!! ! 

pcctinatu, ...!!!!!!!! ’ 

filiform is, G 

undescribed, Phil. .. Frathein, Glmieexleibhiiv. 

Opliiura Milleri, Phil. ..... Staithe*, Yorkshire. 

Hpeciuea, M 

carinata, M 

Asterias lumbricalis, Schl.. . YYalzeudorf, LichtcuUK 
lanccobita, G. ...... Lichtentels. 

areuicola, G Porta Westphahcu, /. 


Foreign I.ornli.lcs in Oolite, 
f Baneii.li. Will le.iiheig, Swiss- 
1 eil.iiut. 

f Stieiilieri;, Miiggendorl’,S\viH! 

( t i land 

B. >ii eii'li, W in temberg. 
Uaiulenbir«4 
Baiieuth, Swtsseiland. 
Stieitbeig. «ntn> 

Guutireu, Hcideidu im. 

Tbm nan, Slieitbei g. 

Baiieuth. 

Haute ban ne. 


Alsace. 

Rtreitl»erg, Thin mm. 
Ditto, ditto. 


Stieitherg. 

Bain inli. Wmtembcrg. 
Haute Saniii . 

A I sac. . W mil mhiTg. 
Solene, Belort. 

S.Jruie. W prunriicig. 
lleich iiheuti, Git-iigi n. 
Hail In im. W' inici 1 1 hi rg« 
W uitembevg. 

A inhere, SwissciluuJ. 
Sueuluifeii. 

Dmo. 

Ditlii. 

Du to. 


Ditto. 
J>n u 
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Ch. il. 


Family. 


Name. 


Foreign ami British Localities 
in Lias. 


Urltisli Localities in Double. 


Stellerida . ..Asterias .Tureimis, M 

tnlmUitn, Ct 

SClltiitA, G 

stelhleru, G 

priscu, G W asset ulfingen, Wiirtemb. 

other species Hath, /. Malton, m. Yeovil,/. 

Eehinida • • . . Cidaris maxim us, M 

Bluineuhacliii, M. . . PreUfeld 

nnlulis. M * 

elcgans, M 

momlifenis, G. 

. marginal us, G 

ninumlus «••••• 1 Wiltshire, m. Yorkshire, m.. 

flnrigemma, Phil. . . | 

jiropuiqiiiis, M 

gl.Lllllllei IIS' G 

Schuildclii, M 

Burhii, M 

crenuluns. G 

sulmugulai i", G 


Foivijjn Lucidities in Oolite, 

Baireuth, m am! K 
Sr re i flier g. 

Ditto, Hciligenstadt. 
Strcitherg. 


VAVlulliriS, (r. 

varans. Phil. . . . 

in termed l.i, Phil, 
inomlipoia, Phil. 


J Somerset nIi i re, /. Yorkshire, 

( /. Yorkshire, tn. /. 

Spines of Cidaris Yorkshire, Wilts, m. 

Somersetshire mill Yorkshire. Yorkshire, tn. 

otlit-r species Near Bath, /. 

Echinus gemmians, Phil Yorkshire, tn. Yorkshire, /. 

lineal us, (t 

cxcavotus, Leslie. 

nodulosus. M • •• 

hier«»gl\ phicus, G. . - • 

sulcatuw, (t 

J Yorkshire, rn. /. Bath / 1 

G»lrr.tis .Upres-.is, Lam \ Haute Sum.., / 

speciosiis, M 

pitclla, M Oxfordshne, /. Normandy,/. 

Noclcolites granulosus, M 

semiglobus, M 

excentncus, G 

eanalicuhitus, G 

scut at i is, G 

*testiidinurius, G 

coluinh.iria, G • • 

f Oxfordshire, in. /. Somer- 

Clypeus sinuatus, Deske { setsl.ire, /. Yorkshire, m. 

emnrgumliis, Pliil I orkshiie, m. 

dimidmtus, Phil. ... Ditto, tn. 

/Yoikshiie, /. Normandy,/. 

clunicularis, Smith \ Jhitli, /. Yorkshire, in. 

I liutli, tn. &c. 

orbicularis, Phil. ••• Yorkshire, /. 

BetTiisidcatiis, Phil Ditto, /. w. 

Spatangus ovalis, Phil Sctirhorough, tn. 

intermedins, M 

rctusus, * 

cariuatus 

capistratufi 

Clypeastcrpeiitugonalis,Phil Malton tn. 


Baireuth. 

Thurnau, Muggimdorf. 
Baireuth. 

Ditto. 

Swisserhuid. 

Bavaria, Swisserland. 

Thurnau, Streitberg, 

Streitberg. 

Abdorf, Randeii. 
Di.srhmgen. 

Kuncburg in Tyrol. 
Swabia, Swisserland. 
Baireuth. 

Stmtlierg, Untisbon. 


Kegensburg, Basle. 
Uegeiudmig. 

Baiieuth. 

Jtegoiishurg, Thurnau. 
Near Baireuth, See. 

Bavm ia, W ii. tcinberg. 
Ileidenheiui. 


Ambeig. Sti eitberg. 
Piippenhi’iin, Manheim. 
Kcldheiin. 

Stall*. ll«ei g. 
Swisscil.iud. 

Ban cutli. 

North of Fium e, /- 


Blftuheuren. W arteinherg. 
Blauhemen. 

Baireuth, Win I cui berg. 
Bail cut Ii. 


Oxford 


| Yorkshire. 


Hcddington. 


Conch ifera. (The names chiefly from Scwerby.) 

Family. Name. In Lias. In louver Oulits. In Middle Oolite. In Upper Oolite. 

Plagymyona .Pholas recondita. Phil 

compressa 

Gastmchfena tortuosa Bath, Yorkshire. 

Pauop*a gibhos.i Yorkshire, Dundry. 

intermedia Dundry. 

Pholadomya Murchisoni In Strasburg Mua. ... { ^York sliire, "savoy 

lirata Normandy Dundry, Haute Saone. 

deltoidea Near Bath, Scarborough Ditto. 

•implex, Phil Cav *S Scarborough. 

obsolete, Phil : Scarborough. 

oblinunta, PhiL . Yorksh. Gundershofon . Yorkshire. , _ 

ovabs Ditto Normandy. Portland, (t onyb., 

acuticosta Ditto Angoulfime, i ahoi*. 

nano, Phil Ditto. 

pioducta Ditto, Bath. . 

tidicidu Yorknli. Somers. Savoy. 

obtusu Dundry. 



geology, 


fi40 


Geology* 
Ch. 11 . 


fS of France, Soleurc,! 
\ lliihliiigeti / 


Family. I «« Liu 

Plagymyona .Pholadomyn nmbigua 

icqu.d'n ..... 

gibl.osa Normandy, Soleurc. 

Proteii, Bt 

Mya v. scripts ....... Yorkshire. 

literata 

augulifer.i 

eaiceiforini^Phil ...... 

diUtft, Phil 

nquita, Phil 

depress^ 

uiitudihu'afii 

T.utrarin Jmiissi, Hi 

Mactra 

Amphidesma decurl.i-J 


In Lower Oolite. 


Dimitry . . . 
Normandy 


Bedford, Brora, Alsace. 

li.ith, Yorkshire 

ll.ith, Alsace ? 

Yorkshire 

Ditto. 

Ditto. 


forhul.i cardioulcs,Phil j ^ 


Inin, Phil. 

reoii.Miwi, 1’lnl 

seem ifoi ui‘ , .I , htl 

don.u ifonm 1 , I’li. M hithy roast. 

/Whitby coast, Bah- 
rotuiidatum.PJiil. { linden, W aldharu- 

Sl'llli'f. 

Yotkshnr coast, Bus 1 
Khin, Mcurthe. j 

depivssa, Piiil 

oh’.cuia 

cmtnnsatj, Phil 

Satiguimduuu undukitu 

eleg.im* Yoik*dme, Lincolnshire. 

Corbis uinlormis, Phil. Whitby. 

hr* in 

ovalis, Phil 

Toll mi ampli.Ua, Plul . . . 

Psnimnobia lieviguhi,Ph. 

T.ucinu ilespecta, Phil 

crass, t. Plul 

lirala, Phil 

CrWma,«r Asfule I , 

minima, Plul. 1 3 

elogans 

lurida 

excavuta 

trigonal is 

oval a, Smith 

rnhicul.ins 

pnmila 

ulienu, Plul 

extensa, Phil 

c.irinata, Plul. • 

liurata 

cn neat a 

jd.imita 

rugutu 

iinhrieatu. 

Voltzu, Hieii. .. 

vuncosa 

Venus Yoikslure. 

Cyther.i dolahru, Phil 

trigonolluris, ) 

Voltz / 

lucinea, Vollz 

cornea, Voltz 

Fullastr.i recoil (lita, Phil 

ohlat.i, Ph 

undetermined .. IVhithy. 

Cardium t rune atom . . . Whitby coast. 

cognation, Phil 

aeutanguUim.Ph. 

incertum, Phil 

gibber ilium. Plul 

atriatiiluin, Phil 

dissimilo 

8einig1abnim,Fli. 

citrmoidcum, Ph 

lohatmn, Phil. 

striat ulum 

Cardita similis 


Ligny. 

Braiwlsby, Yoikshire. 
Yorkshire coast, Bath. 


Iu Middle Oolite. In Upper Oolite. 

Normandy. 

. ? Weymouth. 

Havre. 

Brora, Yorkshire. 

Yorkshire. 

Yorkshire? Havre.... Yorkshire. 
Angouldme. 


Ditto, ditto. 


Yorkshire Havre. 

Ditto. 


Westmv iu Yorkshire. 

Yorkshire. 

Brora. 


Brora, Scar boro*, Bath 


Yoikshiru. 

Ditto. 


H. II. Bay, Yorkshire. 

Ymksbire coast. 
Gloucestershire. . • . . . 
Diuidiy. t 
Ditto. 


Ditto. 

Scarborough. 

Yoikshire. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

, Ditto. 

llaute Saone. 
, Scarborough. 


Haute Saone. 


Ancliff. 

Ditto. 


Yolkshiic, N. Wilis. 


Malton. 

Ditto. 

Yorkshire. 

Ileddmglori. 


Noimandy. 

Ditto. 

Dtto. 

Vesoul 3 Banz. 
F elnicrsh.im. 
Yo.kshue, Bath. 
Ditto 


[Chilmark, near Ayles- 

| buiy. 


Yoiksh. Normandy, &c. 
Yoi ksliire. 


Gundershofeii 

Ditto. 

Ditto. 

Yorkshire. 

Ditto. 


Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Collyweston ? 

Y orkshirc. 
Ditto. 


Brora 


f Portland, near A) lea- 
[ bury, Ac. 


Yoikshire, Brora. 


Yorkshire 


Diiudry, Yoikshire. ... Ditto, 


Geol 

Ch. 
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Geology. Division. Name. m win. In Lower Oolite. m nuadieuome. in i |*p.c Oolite, 

Oh. 11. Plaffymyoiia .Isocardia rostrata Cotawoldi. 

/ /Portland, Kim me- 

-V excentnco, Volta {ridge, H.utdS.on^ 

concent rica Yorkshire. 

nitida, Phil Ditto. 

minima Ditto, Wilts. 

striata, Dnrhigny - Ditto, ditto, ditts. 

angulata, Phil ? Yorkshire. 

tumid*, Phil Yorkshire. 

rhomboulalis, \ ..... Tiitto. 

Phil } 

tcnera Kelloway in Wilts. 

Bippopodium pondero- 1 Whitby coast, South 1 Ditto. 

sum f of England J ******* * * 

TWgoni. lil™t., V.j W hitby coast. 

navis, Laid Cl tinderahofen. 

costata Hath, Yorksli. Alsace. . Ditto, Oxfordshire. 

striata Figeac, S. of France .. Yorkshiie, Duudry. 

elongata Alsace, Wilts. ........ Normandy. 

duplicata Sod bury, Normandy. 

angulata Swucrselsh. Yorksli. 

conjungens, Phil Yorkshire. 

imhricutu ...... Ancliff. 

cuspidatu ■••••• Ditto ...••■•■• Haute Soone. 

pulhiH Ditto. 

clavellata Hath, Yorksh. Brora. 

gibbosa • . . . Pi<vl1.r.id, Ti^.uuy. 

incurva, Hcnett. Tisbui}. 

Unio ? crassissimus . . . Lincolnshire, &c. 
crassiusculus ... Yoikshire. 

Listeri Ditto Middle & S. of England. 

j Yorkshire, Bath. 1 n 

conci,l,l,l » { Gmiindt. ....... J Bdlh ‘ . 

peregrinus, Phil. Yorkshire, Bath, &c. 

abduct us, Pnil. . Yorkshire. Yorkshire. 

Modiola laevis Souih \V ales. 

. /Central and Southern 

dcjiressa [ Ki.gl.nd. 

minima Ditto, ditto. 

Ilillana South Wales, Whitby. 

. t Whitby coast, West of 

.calprum ( Scotland, «cc. 

t . . • ( Bath, Colly weston, Clia- 

1 nar. 

cun'eata Scarborough, Liucolnsh. 

imhricata Yorkshire, Bath. 

ungulata Yorkshire coast .... Malton. 

Ditto. 

reuifurmis Bath. 

gihhosa Ditto, Chanar. 

bipartita Yorkshire, Brorn. 

pulchra, Phil Scarborough, Brora. 

subrarinuta,Lam Normandy. 

elegans Normandy. 

tulipea, Lam North of France. 

pallida Broia. 

livida, Goldf. .. Chuufour. 

ventiicosa.GoIdf. Soleure. 

inclusa, Phil. ... Malton. 

Lithodomus Bath, North of France. 


lu Middle Oolite. 


In t pp.r Oolite. 


Ditto, ditto, ditto. 


Ditto, Oxfordshire. 


Geolo^r. 


scalprum , 


Mytilus pcctinatus | 1 j lJt i, 

cuneatus, Phil Whitby coast. 

aiLplus Bath. 

subhevis Felmersham. 

solenoides *••■••• Cahors, 

Nucula ovum Whitby, 

complauata, Phil. Ditto. 

variubiUs Buth, Yorkshire. 

lachryma Ditto. 

axinilbrmis, Phil ^ orkshirc. 

cluviformis. .... South of France Northamptonshire. 

mucronatn Anrliff, near Bath. 

elliptic*, Phil Scat borough. 

niula, Y. and B Ditto. 

pectinata Wilts Normandy. 

myoidea Mendc, Bans. 

Hainrmri, Defr Gundemhofen. 

acuminata, V.Buch Wisgoldingen. 

lobata, V. Buch Mitzingen, Bopfingen. 


We\ mciulb, Tlumc, 
Bui hello 
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Dirblon. 


Name. 


Ill Lius. 


In Lower Oolite. 


In Middle Oolite. 


Plagymyona . Nucule suhov.dis, Goldf. . , .................. Wusieralfingen. 

rush at a. ]):tto. 

ehuigata Ditto. 

arr at Bans, Baireuth. 

Pectunculub minimus Aucliftl 

ohlmigus Ditto. 

Area quad ri sulcata • Malton. 

auimlu, Phil Ditto. 

pulclira ....... Ditto, Rochelle. 

trigonella, TI;ui W.isseralfingcn. 

idongata, Il/rn Ditto. 

rostr.ita. lla'ii Ditto. 

Cucullsra ohlmiga Collyweston, Dundry. . Ditto. 

cloug. it. i (lloucostenihire. Yorkshire. 

reticulata, Pinl Yorkshire coast. 

caucell.it.i, Phil. Dilto. 

imjierudis, Be.ui Ditto. 

cylmdiica, Phil Yoikshire. 

in i nut a AnrlitT. 

rudis Ditto. 

contractu, I Mill Malton. 

triangul.ii is, 1 'lul Ditto. 

conn n na, Pin) Scarborough. 

pertinnfa. Phil Multon. 

dcciiss.itii Normandy. 

Pecton Mjuamosui, V. I Iht'.vccn Nuremberg 

Buch J and Augsburg. 

contrarius, V. B. Will berg. 

CUualictdatiiH, G. Culm bach. 

Mesomyona Pinna folium, Y. and B. Whitby coast. 

grunulata, Bt. . A Rare, Arommiche. . . . La Rochelle, 
quadiivalvis, lit. Alsace. 

in it is, Phil Scarborough. 

lanceolata Scarborough coast. 

cuncatii, Beau Near Coxwold, Yrnksli. 

pmnigena Normandy Normandy. 

Trigouellitcs, or Ajity-% 

elms nntnjua- l Malton, Yorkshire. 

tus, Pint J 

politus, Phil. ... Scarborough. 

discus Solenhofeu. 

l.xvis Bunzheig near Amlierg. 

ludUtiis.V Meyer H.uiz, Boll, 
el soon a, V. Meyer Ditto, ditto. 

GeivillU lata, Phil Yorkshire const. 

acuta Collyweston. Yorkshire. 

f Gundershoten, Boll.1 

aviculordiw „ < G.-rms, Ntuem- > Oxford, Yorkshire. 

| berg, Duudty. . . j 

ponmides, Desl Normandy Normandy*. 

Mlujua, Desl Ditto ............... Ditto. 

mount is, Desl Ditto. 

costellata, Desl Ditto. 

A v icula lanceolata .... Lyme. 

elegant issima, 1 „ u 

pi,ii :.} MaUon - 

totisijilmna, Phil Ditto. 

oviilis. Phil Ditto. 

expans.i, Phil Near Malton Ditto. 

IJraumhuriensH Scarborough Brora, Scarborough. 

( Yorkshire roast, Lyme, "l Yorkshire coast, Nur- 

intequivalvis. . . . J Baireuth, Harz, Gun- > niaudy , Banz, Schep- 

I durshofen ......... j penstodt. 

cygnipes, Phil. . Whitby coast. 

ovata Stoncsfield, 

cost.it. i Bath, Normandy. 

ccluroita ? Yorkshire Bath, Lincolnshire. 

Caen. 


Meleagiina Cuilninen-I 
sis, Defr. . . J 


( Yorkshire, Bath, Al- 
\ Mice. 

( Bath, Yorkshire, Gun- 
( dershofen, &LC. 

nisticum Mittuu 

seniilunnre Alsace. 


PJagiostoma Hermann! 
gigantcum . . . . 


Yorkshire. 


punct.itufn . . 
pcctinoideum. 

concentrirum. 
duplication . . 


South Wales, Figeae... Normandy, Dundry. 
j Whitby, Pickeridge, 

{ Vachingen. 

West of Scotland. 

Rochftddau, Bath Normandy 


Pith*. 


In Upper Oolite 
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Geology. 
Cb. II. 


Dhiaion. N .mu*. lu Lias lu Lowrr Ooliti*. In Mi.i.lle Oulu.' 

Mesomyona .FUgiostoma la-viiuctiluin { WuTi’, > *, 1 ,^ dd h ‘"'’ 

Hga Ymksh - 

rigiduluin, Phil Scarborough. 

cardnibrme Yorkshire, Ghmcc.stertdi. 

““-■j Yorkshire. 

ovale Bath, Mauriac Strcitberg. 

obscurum Kollo way a. 

sulcatum South of France. 

tr — V | Stufenberg, Bopfiugen. 

Lima gibbosa Bath, Not mainly. 

a' i i ■ f Mallim, &c\ Oxford, 

™l'» lurks W | Hroia. 


lu I’pptr Oolite. 


Gcolof 
Ch. I 


, lYu.Ul.iw, Dundry,l IWoymrull., 

probosciden ) Normandy, Soleure, > < f , 

1 Haircut li, Basle. . .* 1 1 “ ' 


Ncuf- 


antiqua 


f Middle and South of 
l Kugland, France. 

Pecten lamellosus ('hiek.sgrme, Th.une. 

subla'vis, Y. & B. Whitby coast. 

sequivalvis Yuikshire coast, Avalon. Bath, Gloucestershire. 

dentalus Bulb rh.id, Leicestersh. 

virguliferus/Phil. Germany. H hit by coast. 

rigiduH Near B.itli. 

lens B.ith, Haute Saoiie. . .. Oxfmd, Multoii. 

obscurus Stoncbtield, Nonnuiidy. 

librosus Bath. 

laiiiiimtus Ditto, Stoneslield. 

anuuliitiiH Felmcrsham. 

haibatus Bath, Normandy Diindry. 

abject us, L'lul Yoiltshire Oxford, i'orkshue. 

Vagans Bath, Ymkshire Yoikslnre. 

deimssus, Phil Yorkshire Ditto. 

sirnilis Haute Saone (Kfoiil. 

viinineus • • Ditto, Yorkshire, &c. 

c.ineellatus. Bean 

iiu.ii»i<-i>statu., 1 OjJ'ord ..ml Yorkshire. 

Phil J . , 

? Cornells Normandy. 

Mono! is sal maria. Broil Begenshmg. 

sirnilis, Muii K, Pappeulieiin. 

_ , f HiUlesbeim, Buckc- 

decussate, Man j Ae- 

concinnus, G Minden, Wurtomherg. 

Ostrea ltiiviuscula Batli, Am berg. 

Marshii Felmersham. Alsace. . . Yorkshire, Normandy. 

palniuthi BathjNoiiuaudy, Alsace. 

. (Bath, Oxon, North of 

nfu,muttlil \ France. 

... .i a/ i i ■ ( Weymouth, Yorkshire, 

solitaria Bath, Yorkshire I 

Meadii Bath. 

obscura Ditto. 

, ; ( Ditto, North of France, 

cu! ’ t,lli, I Huxwetler. 

I Western Yorkshire, 
sulcifera, 1 lul j Wilts, Haute Saone. 

rUK ° Sa B,, ' h ’ I Wilts, Oxon, Wey- 

gregarea j mouth. 

duriuscula, Bean ' 0, kslnre. 

iiuequalis Scai borough. 

undusiL, Beau 

archetypum Ditto. 

deltoidea 


expansa * ! 

minima, Desl Normandy. 

plicutilis Ditto. (De Cauin.) 

"carinata, Lain W * t T to ' „ 

f North of If ranee. ( Bo- 

pectinati* { Have.) 

penimria , . Ditto, ditto. 

flabelloidcs. Lum. North of France. 


J Havre, Oxfordshire 
Yorkshire. 
Chicksgrovtij Ac, 




tubulifera. Phil. 1 ..... 

M.S. ..... J 1),tt0 - 


Oslrea irregularis, Mini. Amberg. 

ungula, Mini.. . . Buna, Amberg. 


4 p 2 
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ec ology- XtlvUloa. Name. In Maa. In Lower Oolite. In Middle Oolite. 

Ch. II. Ifesomjona .Ostrea synamn, Miin... • Baireuth. 

* j— — i 1 simplicdtu, Miin. Ditto. 

rimosa, V Buell. Bablingcn. 

Exogyra digituta Wilts. 

mima, Phil Yorkshire. 

cransa Bath. 

renifurmia, Goldf. Westphalia. 

« , . ( Rath, Lincoln, Bayeux, 

Gryphaa incurv. { Met*, Si-nilui.il. 

S pmbium Figoac, A in berg P Caen. 

epressa, Phil... Yorkshire. 

.... i Rath. Scotland. South 

oWl T la,a { of France. 

,, ■ {Scotland. Yorkshire, 

Maccullochii ... | Hath, Normandy. 

gigantea Gloucestershire llminstcr. 

gigas, Schl Mezieres, near Caen. 


In Vpper Oolite. 


Geology. 
Ch. 11. 


( Wilts, Yorkshire,IIaute 

| iSaone, Ac. 


| Saone, Ac. 

bull ltd Lincolnsh.Yoiksh.Brora, 

iulucrcns. Phil , Yorkshire. 

( Oxford, Brora, North of 

I France. 

chanin fbrniiv,Pli Yorkshire, Brora. 

minuta Bath. 

cymbina Kelloway Biidgo. 

...... f Havre, Weymouth, Ox- 

virgula, Dcf. . . • . • J ford, South of France. 

lituol.i, Lam North of France. 

columba, UP Northamptonshire. 

f 

squamosa, Goldf. Klligser, Brink. 

Inoceramus dubius Whitby coast. 

Pomdoiha Bronnii, Goldf. Uhstadt, near Bruchsal. 

Pern a (juadrata Yorkshire Yorksli.Norlhamptonsh. 

isugonoide.-ijGold Gundershofen Vachcs Nui res, Germs. 

Crenatula ventricou . . . Yorkshire, Boswortli. 

Brachiopoda .Lingula Beanii, Phil... Yorkshire, Gundershofen. 

another species . Wuldenheitn, Bas Rhin. 

Orbicula reflexn Yorkshire coast. 

radiutd, Phil Malton. 

gram data Bath. , 

hitissi ui.i Yorkshire. 

Snirifcra WaUttii .... j“»^* I u, !? h % H “* 

1 1 brides, South oi r ranee 

m 3 other species.. Bath. (Smith.) 

Vermcosa,V. Buch \V iirtemberg. 
granulosa, Goldf. Ditto. 

Terebrutul.i punctata. Rutland, Leicestershire ? 

ornithocephala. . Lyme, Figcac Near Caen, Jura...... Yorkshire, Wilts. 

luinpas ........ Lyme. 

serruta Ditto. 

acuta Yorkshire. 

Lidcni, 1‘hil. ... i m '"> OKa.cc.Jcf.hicc, 

1 l ANaciqWuneiniHTg 

tiiplirafa, Phil. . {'““S.,, 

trilincatii,Y. & B. Yorkshire Near StoUesley. 

crumuna Bath. 


Lidens, Phil. • • 
triplicata, Phil. 


tctrai-Mrii { '''v ork!i 1 ,>e" C '' 1,, ''’ llre ’ 

obovata Bath, Wilts. 

r-tsfi.. }*■**•• 

ditjona Bath, Wilts, Caen. 

glubuta Yorkshire, Nunncy ... ? Ditto. 

peruvalis Batli, Grantham. 

null nt a Near Frame. 

cmarginata Ditto, 

snaxillata Near Bath. 

sphocroidalia Dundry. 

cor nut a llminster. 

resupiuata Ditto. 

triquetra Fclnursham, Bcdfordsh. 

coarctata • . . • Bath. 

reticulata Frome. 

heinisphserica Ancliff. 

nidis Am berg. 

o?ata Ditto. 

bucculenta Ditto* 
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Gedogy. 
Cli. JI. 


Dirliiion. 

Braclnopoda 


Name. 


In Mm. 


In Lower Oolite. 


In Middle Oolite. 
Brora. 


In Upper Oolite. 


spinosn 

J Bath, Yorkshire, Cha- 
* * a \ rmr. Jura. 


orbicularis , t 

f Near Bath. 


fimbria f . 



plicatdl.i 

o 1 )ro let a 





axperu, Koenig 

tfahellula ,, , 



furcata, 



soci.dis, Phil. 


Yorkshire. 

inconst a mb 


impressa, Sclil 


I Hohenrolleru, Stiffen* 

undent a, Schl 


\ berg, Thurnau. 

Ditto. 

SI rpillirffp 

plicata, Lam 


loricata, Schl 

spinosa, Schl , ........ 

alata, Lam 

J Bloinlierg, neur Donuu- 
( m'hiugeu. 

OUvlUA I Li 

g minis, Ileriitilt 


i x u n rn Kui icrn « x\ trir d nt; 1 ill 9 

trilohutu, Miin 




Geology. 

Ch. li. 


Mollusc a. 


Gasteropoda .Patella disruidr^Schl 

Iitvih Whitby. 

mgONU 

kncyloides 

liana 

lata 

papj rucea. Goldt'. . Bans. 

Kmarginula tricariuufii 

ML'iilarid 

Fissurella cluthr.ita 

Pileolus plic.itus 

hevis 

Bulla eUmgutu, Phil 

Actaeon ictusus, Phil 

glaber, Phil 

humerahs, Phil v . . . 

cuspidatus 

acutuN 

Aurirulu Sedgvici, Phil 

Cirrus cannatu* Cheltenham. 

Lenrhii 

nodus us *. 

cinguliitiis, Plnl 

depicssu's Phil 

Solarium ciilix, Bean 

Coi.uideum 

Dclphinid.i coronata 

other species 

Trochus ii nd Plenroto-1 

maria duplicatus | " ' l,,re '* 
similis South of England 

imliric.tu South ot i 

l r ranee, Soletm*. . . J 

(Hath, YiuMuri-. Thi-1 

- I on vi lie, Banr / 

omntus North of France 

granulatus 

pyrnmidafiift, Bean 

hisertug, Phil 

inon ill tee tus, Phil ...... 


Gundersliufen. 
Hampton, GlouccBternh. 

Aiu-iitr. 

Ditto. 

S to ms field. 


An rl if! 1 . 

Ditto. 

Ditto. 

Ditto. 

Ditto. 


Scarborough. 

Ditto. 


Yorkshire coast. 

Ditto. 

And iff. 

Ditto. 

Blue Wick, Yorkshire. 

Dnndry. 

Ditto, Yeovil. 


Ditto. 

Ditto. 


Y orkshire. 


duplicatus ... 

dimidiatus • , 

puuctutuf 

elongatus .... 

abhreviatus . . 
faHciiitiis .... 

sulcHtus 

lucarinatus . . . 
turn atilt % Phil 


Ancliff. 

Yorkshire Yorkshire, 

Dundry. 

Norm Andy. 

Haute Saonc, Shot burn. 

Dundry, Normandy. 

Yorkshire Ditto. 

Blue Wick, Yorkshire. 

Ditto. 

Ditto. 

(Little Sudbury, Nor- 
( mandy. 

(Little Sodbury, Gun- 
t demhofen, Bans 
Little Sodbury. 

Dundry, Normandy. 

( Dundry, Wiltshire, 

( Norms ml y. 

Dundry, Normandy. 

. Ditto, ditto. 

. Ditto, ditto. 

Ditto, ditto Ditto . 

Ditto. 


Portland) 1. 



646 


GEOLOG Y 


. Dlvlaion. Name. In I,! ok. In Lower Oolite. In Middle Oolite. 

rh. Ilf " OaKtcri-l'u'U Troclms & I'leiirolomit.) Yorkshire. 

rm guttatus,Plm . ) 

(nblmii Nuimaudy. 

mint icitbrmis, Stahl Shifenbvrg. 

rcticulutus Normundy Weymouth, Oxon. 

decor at ;i , V .Hath N euhauseii. 

rugauis, Bem-tt 

TU ‘ b ° Buun““' 1,US ’ } Bl>,« Wick > Yorkshire - 

lwvi^atus, Phil Ditto 

obtuHUM And iff. 

umlulutns, Phil. . . Yorkshire coast. 

omul us Dundry, Gundershofen. 

yulc-oHtoinus,Phil Hack ness, Yorkshire. 

fuuiculatus, Phil Malton. 

.ni.rio.tu, (Scarborough, Wilt. 

I shire, Weymouth. 

rotunda! us Nuimaudy. 

cost, wins, D France. 

troehihiiinis, Still. Bull. 

Phasiarulla ruif la, Phil Scarborough. 

anj»iilosa Pori a West phulica, Ham. 

Kissii.i hex is Andiff. 

acnl.i Ditto. 

oliliijM.il, i Ditto, 

duplicata Ditto. 

Turritelki (ju.idrivit. 1 m„ c Wick, Yorkshire. 

tata, Phil 1 ’ 

lnuricat* Blue Wick .... . Oxford, &c. 

e\c uvula .»*•••••*••• 

1 ‘duiiata, V. Budi B.mz, Langhciin. 


In Upper Oolite. 


Tishury, 


Geolog 
Gh. II 


Chilmark, &c* 


Yorkshire. 


. f Yorkshire, Lincoln- 

Neiim .1 nngemlu { .hire, Bath , 

tubeicul.it a, Blaiu . Near Auxeiic Auxenre. 

lun^iu. Dos ? St. Miliiel, Pouilly. 


Ceiiihiuin ? iuleune 
diinii, llicii 
Teiehru 


■:} 


Near Mindcn. 


i iiidiinioides, 1 Malton and Pickering. 

grunulnhi, Phil Hcai borough coast Yorkshire. 

vetusta, Phil Ditto • 

N ,i( if a Uunidul.i Dundrv, Yoikshirt*. 

add uc la Him YYicU, Yorkshire. 

Smith Lmcolnshnc, Hath, &c. 

argula, Smith Yorkshire, Wilts, &c. 


iindulatn, Phil Malton. 

(‘mein, Phil Ditto. 

Melania ? 


Hcddingto-^ 

neusis . . . 


) 


/YorkshiH-, Dundry, P'w’ymouth, 
\ Caen,’ Haute Saone. ^ heiin 


Oxon,| 

Kil-} 


H avre,N orth W iltshiie 


Oxon,l Havre. 


-. , , . r Yorkshire, 

sbiata P Lymington Yoikshire j Weymouth. 

vil tata, Phil. Yorkshire. 

. . j Yorkshire, Dundry, 

,,,u ; a, “ I Nonnundy. ' 

Plauorhis^cuoinphalus ? ? Bath. 

Ampnllxiin Von 1 Kuhleberir near Kchtc. 

Stromb J 

Ildicin.i polita . i Cropredy. 

coinjiressa Leicestershire. 

ex pan su Lyme. 

soluriuidos Ditto. _ 

Ncrihi sinuosa . # Portland. 

hex i gata Dundry. 

iniiuit.i Anditf. 

custata Dundry, Yorkshire. 

Ro.tcllari i compos'd {*%SS£ 

his|>inosa,Phil Scarborough. 

trdida. Bean Ditto. 

■ . Phil Whitby coast. 

Buccinum unilineatuiii AndifT. 

Pterocerns oceani, lit Alsace, Mantua. Havre, Haute Saone. 

Ponti.Bt Havre. 

Pelngi, Bt Ditto. 

MnrexIIaccauensis.Phil Hackneys, Yorkshire. 


Doulalmm ^Kuteum, J S(aithc9) Yorkshire, 

cylindricum Devonshire, 

quudnitum, Phil.. Scarborough. 

Cephalopoda. Bdemnites tubularii, ) .... ... , 

* * Y. and B / W1,ltb - V c0 “‘ 
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Geology. 

Ch. 11. 


Dnigion. 


N.lllir. 


1(1 Lower Oolite. 


la MiJ.lU- O i'ile. 


CephalopodaBelemnitcseloug.itus.MiU L\ me, Wlutliy. 

ailunc itiH, Mill. .. L\me, B.ith. 
Conijin^siiH, l J liil. . V\ hitny coast, 
lou^issuims, Mill.. Lyme, Hath. 
pistilliloimiN, HI. . (Hi iriiicufli. 

aentus, HI Ditto. 

penicillatus Ditto. 

brevis, Bl.un % Alais. 

apiciruivatus, HI. . . Dnto. 

ppgunteus, HI Amherg. 

penicillatus, HI.. . . S.ilms, Amltize. 

bisulcatus, HI Caen. 

nuleusis, HI. Voltz 

coiiicus Whitby. 

sulcatus, Mill i South of France. 

ellipttcuij, Mill 

uhhreviatus, Mill 

futaiunnis 

gracilis, Vhil 

trisulcatus, lil 


In tipper Oolite. 


Giindcrnhofen. 


rompressus, Bl 

dilatatus, 61 Baircuth 

canulicul.itns, Schl 

longus, Voltz 

ferrugmosus, Volt/.. 

scmisulc.itus, Miiu 

snhclav.itus, Voltz. 
sululepressiis, Voltz 
ttubd(luucatus,Vultz 
brev.lbimis, Volt/.. 
veutro|il.uius, \'oltz 
longisulc.itus, Voltz 
trifiibis, Voltz .... 
comprint, itus, Volt/. 

tenuis, Miiii 

paxilhisiis, Schl . . . 
anurias, Schl .... 
crassus, Volt/ .... 
tripartitus, Schl. . . 
semistriatus. Miin. 
oxyconus, llchl . . 

ulong.ttus 

incurv.itus, Held . . 
pyramul.ilis, Muu.. 
rostratus, Held. . . . 

cluvatus, HI. un. . . . 

tores, Stahl 

laevigatas, Zicten . 
papillatus, Phoning, 
carinatas, llchl . . . 
pygmirus, Zictcn.. 
unisulcatas, Ilart. . 
binulcatus, Hart . . . 
quad risulcut us, Hart, 
tricanaliculatus, \ 

Hart.... I 

quadricandlicula.’ 1 

tus, Hart [ 

quinqtiecatiahcu- 1 
latas, Hart . . . . J 

pusilhiH, Miin 

efurmis, Miin. . . . 
umhilicatuH, HI . . . 

gladius, HI 

Blainviilii, Voltz . . 

hast at us, Bl 

semihastatus, Bl.. . 
quinquenulcatuM, Bl . 
grandis, Schuller . . 
tumulus, Zicten . . . 
acuminatus, Schiil. 
Bubhastattw, Zicten 
bipartite, Hart. . . 
unicanaliculatuB, ) 

Ilart / 

bic.inaliculatus, i 
Ilart } 


Bopfingen, Baireuth. 

, Duiulry Malton. 

, Diuuby, Haute S.ioiie. • 

, Duiulry, Yorkshire ... . We) month. 

, Stonesiicld Mnltori. 

, Scarborough. 

Noith of Kr.mce. 

I York shin* coast, Gun* 

( dershofcii, .See. 

( North of France. ^Bo- 
{ hlaye.) 

Haute Saone Haute Saone. 

Ditto. 

Bw.ibia, Bavaria . . 


JJefort, Gundershofen. 


Giindcrshofcn. 

Ditto. 

Ditto, 


Ditto. 

1 ? Hrihringen, Miigglin* 
l gen, H.ihlingeu 


Ditto. 

Ditto. 


H.ihluio'cii. 

Altilorf. 

Bcfort, H dl. 

Ban/, Altilorf. 

Uis.iiiym. 

Altilorf. 

Ditto, Baiix, Boll. 

L) nit; Uogis. 

H mz, Hull. 

Hauz 

Ditto. 

j Lyme, Boll, Amlicrg, 
t Bail/. 

Gosh icli, Wiirtembcrg. 
Boll. 

Ditto. 

Ditto. 

Ditto. 

Wurtcmhcrg. 

Boll. 

Goppingen. 

Stufetibcrg. 

Dilto. 

Goppingen. 


Muicuiierg. 


Nonnamly. 

Met/.iugen, Baireuth. 

, Swabia. 

■ Baireuth, Banz, Metz. 
Baireuth. 
Wiirtembcrg. 

, Stulenherg. 

, Ditto. 

, Ditto. 

, Ditto. 

, Gnibingen. 

, Douzilorf. 

. GunzMren. 


Streitberg. 

South of Germany. 


Geology 
Ch. It. 
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f Divlulon. Name. In LLn, 

Ch* II. * Cephalopoda. Nautilus annularis, Phil. Whitby. 

truncatus Kcynvham. 


lu Lower Oolite. 


Xa Middle Oolite. 


i Upper Oolite. 


(uoup. 
Arictes, vtx 


Fnlciferi, &c. 


. . v J Ditto, Lyme, \Vi 

intermedins \ bt . t * gi } A i itt ’ ce . 


W Ur tern* 


■hiatus Lyme. 

&«tacoideg,Y.and B. Whitby. 

iineatus Yorkshire, Bath Yorkshire, Bath, Diindry. 

obesus Gloucestersh Noimundy. 

simmtus Yeovil. 

ezcavutiiH Dorsetshire. 

hexagonus 

angiilostut, I)’ Orb 

poiy^oualis .. Ditto. 

reliciilatus Trance. 


Yorkshire, Oxon. 


Isle d’Aix. 


Name. In I.i 

.Buekluudi Bath, Whitby 


A?n7noniies. 

British liVinlitln. 


In Oolite. 


Conybeari ....... Ditto, ditto 

Tiirueri ......... Whitby, Wauhet. 

Drookii Lynn*. 

Suuthii Near Yeovil. 

rot it or in is ....... Near Bath. 

Ki idioii. Rein 

(ibtiisiis Yorkshire. 

stclUri* Lyme. 

imdticostatus Bath. 

W r aleottii ........ Whitby, Bath, Lyme. 

redeurcusis Red car, Yoikshire. 

.Strangwaysii 

elegans Yorkshire 

striatuliis Whitby 

Miilgraviuii,Y. & B. Yorkshire 

Lythensis, Y.andB. Ditto 

o vat us, Y. and H. . Ditto. 
inipendens.Y.andB. Ditto, 
cxurutui, Y. und B. Ditto, 
plunui hit\<riniii,M u 

canaliculutus, Mini 


Foreign Localities. 

In Lias. In Oolite. 

(Near DonuucKchmgen, 

{ Phil. 

jMeurthc, near Donau- 
l eschmgon, Phil. 


Stuttgart. 


# North and South of 
J Fiance, Boll, Befort, 
l Achclbcrg. 


.. Yeovil, /. Ulouceitenh. /. } Haute fW, 4 

. . Yeovil, /. Bath, /. 


Boll, Normandy. 
Baa lihin 
Boll. 

Meurthe. 


Bavaria. 


MurcliLbome • • • Bridport, Hebrides . 

subrudiutuH Bath. 

Ijcviusculus Whi thy coast Dundry. 

dejiressus, Bon. .. Ditto, jfeyeux. 

font i cola, Murcli 

Deluci, Bgt \ 

biiius, Sow j 

coinensis, V. Buch 

fulcifer 


I Dundry, Ilminster, 
( Wiirtei 


Wiirtembcrg 
Scarborough calc grit. 


Amalthoi. 


solar in, Phil 

obliijiiutus, Y.andB. W T hitby. 

Boulbicnsin, Y. & B. Ditto. 

jugoHua llminster, /, 

Grccnovii Lyme 

Loscombii Ditto. 

Stokesii Bridport • , 

vittutus, Phil Whitby. 

acutus 4 . I 4 . . I 


f Wos hn.iu,m Fiirsten- 
| berg, mi. Buhlingen,m. 
( (jundersholen, \V i**- 
\ goldingen, Goslar. 


rThnmau, Bamberg, 
| Dives, Besau^ou 
l Haute Saone, m. 

Neiihauscn, m. 

, Ditto, m. 

(Normandy, South of 
’ \ France, Wttrtcmb. 


Dunkesbuhl, /. 


t Normandy. South of 
\ F » aurcjW U r tern berg. 


Ditto. 


Bigmifer, Phil. . . ) 
costulatus, Rein, j 

colubratus, Montf 

Johnstonii Wntrhet. 

Clevelandicus .... Whitby coast, 
crpnulariir, Phil. .. Whitby, 
heterophyllus .... Whitby const, 
lenticularis, Phil.. . Lyme Regis. 
Hawkerensin, Y. 

Aiul B 


Normandy ..... 

Wasseralfingcn. 

f W aichingen, Diinkes- 
\ biihl. 


f Haute Saouo, Wussb- 
| rulfingen. 


nodulosua, Schl 


. . j Whitby coast 


Wiiitemberg. 


Geoluri 
Ch II. 
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Am&lthei 


Name. 

.alternant*, V. Buch . 


British Localities. Kun-ifn L 

In Iila*. In Oolite. Iu Lim. *' 


.... (Yorkshire, Oxon./n. So- ) 

{ murgutshire, / f 

quadratic 

exc&vatus Oxford, wi. Walton, m. . 


Lamberti Portland, u 

omphaloides Ditto, u. Hebrides, «n. 

cri status Weymouth, 


Capricorn i 


Planulati , 


pustulatus, Rein 

funiferus, Phil Yorkshire, m. 

discus Lyme Bedford, /. 

nodosus Scarborough. 

fiexicustntus, Phil Ditto, rn, 

.planicostntiis Marston, Lyme liar/., Amberg. Altdorf. 

nmculutus Whitby coast Bahlingeri, Heligoland. 

“-S, I »” I*SSUSSS? 

.ngulifvrtii, Phil.f l 1 

N.S. CJundershofeii. 

scututus, V. Buch Banz, Ghppiugcn. 

natrix, Schl {“ AuZf"’ 

t Normandy, Monde, 

n . - . «... ... I Confians, Rennet storf. 

r,ml,nat,,s " h,,b y \ Aristorf, Hull, ii.ihlin- 

l gen, Hanr, Sic. 

baltcatus, Phil. , • . Ditto. 

Jameson 1 Yorkshire, Hebrides. 

bruvispina Whitby, Hebrides. 

gaguteus, Y. and 1). Whitby coast. 

, . 1VI . , t fSolenre, Lvons, Mont 

■ i,nn,,lnt,,s &t { d-Or. Wartl-mterB. 

communis Ditto. 

luigulatus Ditto. 

cruMsus, Y. and II. # Whitby, Ilimidayanmtn. 

hiplex I Ross, Cromarty, I. 111 - \ 

| colnshire J * 


if .illt ic<*. 

In OolUe. 

| From liaiinlterg to 
( Su isserland, m. 

Haute Snntie, mi. 

Normandy, /. 

/ Noriiiiiiidy.r/r.Aarau,/. 
t Altdort, /. 

| Rochelle, u. Am au, ///. 
^ B.imbeig, in. Kllig- 
' him brink, ?•». 
Normandy, mi. 

| Il iuteS.ivme, mi. Cot. 
s tenberg, tn. ^tifit- 
l Iwrg, # 11 . 

Thuriiau,i/i. Coburg, m. 
Spuicbiiigen, /. 


Geology. 

Cb II. 


Parkinsoni . 


Bath Yeovil, /. 


funiculnris, V. Buch Vic. 

triplictttus Malton, mi., Portland, u. 


plicatilis Malton, m , Oxford, mi. 


polyplocus, Rein 

polygyrutus, Hein 

coniptus, Rein. ... ••...* 

giganteus Portland, tt. 

trifidus Oxford, tn. 


bifurcatus, Schl. 


trifurcatus, Rein . . . 

plir.omphalus, \ J Yorkshire,**. Lincoln-^ 

mutabilia ... ) l shire, u. ........ j 

multiradiatus,Reng 

, T /Wiltshire, m., York-1 

Ka>n W ? L y m « t shire, m. } 

Brownii Dundry, l. 

longidorsalis, V. ( 

Buch J * * 

mutabilis, Phil Scarborough, m. 

planorhis Wutchet. 

nitescens, Y. and B. Whitby, 
arcigerens, Phil. . . Ditto, Cheltenham. 

erugatus, Bean. . . Whitby, Cave, &c. Coregna, Do la Beche * 


/Randeu.iM. Raihsbnu- 
I sen, m Htieitherg, tn. 
1 Haute Sao ne, tn. 
\ Noun ai oh , /. 

/ TheSwissJura/. Was- 
/ seralfingeii /.Wisgol- 
l dingeii, Boptuigen. 

fRandcu, mi, Suiibii, 
( mi., Normandy, /. 

{ Haute Saime, lVrcy 
)e grand Cham pci, 
Hiindeii, mi. 
German Jura, rn ? 
Donzdorf, Kanden, •«. ? 
Dun/dorf, Am berg. 
/Isle d’Air, »/. Syn- 
( bir.sk, on tlteWolga 

.Rathshausen, m. f 
J Lochenberg, mi., 
I Coburg, mi., Hai- 
1 reuth, m. 
Wlirtemberg. 

Normandy. 

/Willibaldsburg near 

\ Kichstedt. 

I Hohenzollerii /.Gnm- 
I melhausen, /. 

Croizeville, tn , Cuen,/. 


* From the same locality Mr. De la Beche figures A. cylindricus, stella, Phillipsii, biformis, Listen ? coregnensii, Guidoni, articulatus, 
discretus, ventricosus, comptus, catcnatus, trapezoidal is. Man. of Qeol, p. 319, 

VOL. VI. 4 Q 
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Geology. n,0U P- 

O'- II. „ .. 

DoTBStU « « 


Namr. 


llritisb Localities. 

In Lias. In Oolite. 


Foreign Localities. 

In Lins. In Oolite. 


{ N r,S: 


Corouarii. 


.arm at us ... 

Davau Lyme Pouilly near Autun. 

fibula! us Whitby. 

Hiibarinatus Ditto. 

Brndisvi Portland, u. 

•crtMiatus, Rein. 

Huriiphresianus Dundry, A South of France. 

Bollensis, Zicteu . . Boll. 

Bechii Lyme.. Rottweil, Buhlingcn. 


m.i Haute 


Germany, m. 


Blagdeni . 


), A Sher-) 


Brake nr id gii 


home, A, Dumlry 
Dumlry, A 


Macrocephuli . 


Arinati . 


Dentati . 


longLpiuus. 

catena • Berkshire, »//. 

biumu\tus,V Zieten. 

at 1 ilc til, Piul Yorkshire, in. 

Ziphus, Hold. 

Wilh.imsoui, Phil Ditto,//! 

Bakcri.e 

lufrous, Phil Scarborough, m. 

Inn ig.it us Lyme Regia. 

Birclui Lyme 

, .Jason, Rein. 

(.'uIIoyh 


Ornati . 


Flcxuosi. 


Geol 

Gh. 


(Spaiklingen, A, Met- 

< zingen, A, Normau- 
l dy, A 

| Normandy, /., Gcr- 

< many, m , Gum- 
* melshuusen, m. 

Vernoni, Bean . Scarborough, m. Brora, m. 

contractus Dundry, A Normandy, A 

ilukms, Schl /. { < ’Thurnau nl r D ’ '' 

{ SC ur r Iy, r »' Kh ’ ^ 

Birchii Ditto Mczieres. 

.tutnidus, 

inflatus, 

SutlierlandioPjf 

stililicvi* f Wiltshire, «... York -1 j Now K.md«M V « ,i 

1 shire, wi / ] \ ilhngen, m. 

modiolaris, Smith Bath,/. 

IT., r«mt.; J Wiltshire, A, Lincoln - 1 f Wurtcmborg, /., Bava- 

* * ) shirt*,/., Yorkshire,/. J * * ' ( rin,A,Su lssvrland,/. 

tcrebi.itus, Phil Yorkshire, /. 

Banksii Sherborne,/ Basle, A 

Brocbii Dundry, / Haute Saone, A 

Gcr\illu Normandy, A 

Bioiigniurti Yemil, /. Ditto, /. 

Mil *c ui i nat us,Y.A B . W h it by. 

( Near Bans. »i., near 

.i>mirm.it in Yorkshire, /., Oxford,/. -I Niinilifig, w , Kan. 

* I " l ' n » ,#l -» Normandy, 


inidus, Kein rAan.i, m., Coburg, m. 

\ \ aches Noires, m. 

flatus, Kein. ..1 I Kaiiden. «»., Thurnau, 

therlandiop,Sow. J *”** ***** , ’’ ^ | Wf . Slatlelberg, nr. 


(Geschiehe bei Berlin.) 
Normandy, nr. 


: nearOrenburg. 
Klligscrbrink, in. 


Gdppingcn. 

> t Lifollepetit.Gammels- 

.vionsi., Sow.} | h t"' vn < /• Bel °- 

l setzk nea 

7 :'.“;} 

hylus, Rein. 

lliinr'-tni | Scarborough, m. St.{ /Normandy, m. f Haute 

* * I Neot’s, m ) * * * I Saone. m. 

. . A. Pollux, Rein j N«n»ui«!y. Uos- 

’ 1 lar, wi., rhiirnuu, m. 

gemmatus, Phil Scarborough, m. 

spinostm, Sow Weymouth, m. 

castor, Rein. 

pustulatus, Kein Coburg, Thurnau. 

, .fl.xuosu., Man 1 Alon K *J“ Qet ' 

* 1 man Jura, m, 

Asper Neui'chatel, n. 

oculatua, Phil Yorkshire, m. 


Unarranged Foreign Species. 

A. granulatus, Bt 

Reinechii, Hull 

gigAN, Zieten. 

Sowerbii, Moll Dundry, /. 

Deslongchampii, 1 

Bold J 

vulgaris, Bobl. 

co r ruga t us, S Dundry. 


Coburg, m. 
Ditto. 


North of France, A 

Ditto. 

Ditto. 
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_ - T llrilinh Locnlitipi. Vinvini 

F “°” lir - N ““- In Lius. In Oolite*. I» Liu,! * " U0.4IU* 

Cephalopoda A. interrupts, Schl •. Haute Snone, w. 

decorat us, Ziei Gwttenberg, l. 

bipartitus, Ziet Ditto. 

bibpiuoHui, Ziet • • • \V asscrnlfingcn , / 

Scaphites refractu8,Rein GummeMiauseii, /. 

Yoanuii Uiiwuh Alpcs. 

Hamites unnulatus, Dc»h France. 

" Mon * • * Rabcnsh'iu, Thurn.'ui. 

Tiirritcs Bubili, lit North of France. 

Onychotcuthis angus-l ,, . . 

ta, Miin. ..... f Solenholen. 

Loligo prisons, Ritppcll Ditto. 

antiqua* Miin. .. Ditto. 

Stpia haaftsfortniH, Riqqi Ditto. 

I.yiue Begin. 

tthyncolitea Lyme, Bath. 

Avnum^a. 


Geology. 

ch. n; 


N 111111*. 

Yermicularia concinna, Phil. . 
comprcssa, Y. and B. . 

Li.irt. Lower Oolite. 

i 

ovuta 

nodus 

Serpula capitata, Phil 

deplexa. Be.ia 

squamosa, Phil 

iutestinalis 

j 

R. Hood's Bay, Yorkshire. 

quAihatn 

lace rat a. Phil 


triangulata 

tetrugoua 

ninciuat.i 



Miilrilo Oollti*. 
Sc.ul tvough. 


Ditto. 

Ditto. 

Ditto. 

Khotover, Oxon. 


N. B. Gold fuss (Petrefactenkunde) has figured anil described forty-two species of serptila from the oolitic 
system of Germany ami France. According to Von Declien their Geological relations are as under : — 

From the Lias. Serpula tilaria, G Grirfouberg 


Serpula tricristata, Goldf. Hanz. 

quinqueenstuta, Mull. . . . Ditto. 

circinalis, Mtin Ditto. 

quir.quesulcata, M\in. . . . Baireuth. 
complanata Ditto. 

From the Lower Oolites. 

limax, G Haireutli. 

lituiimmis, Miin Ditto. 

capituta, G Stieitberg. 

limata, Miin Ditto. 

plicutilis, Miin Gra* fen berg. 

spiroliuitcs, Miin Streitberg. 

tricariuata, G Rahrnstein. 

peutagona, G Streitberg. 

quadrilatera, G Ribensteiii. 

qiiadmtriata, G birrach. iHuigundy.) 

canaliculata, Miin Streitberg. 

volubilis, Mon Rabenstrin. 

cingulata, Mun Streitberg. 

substriata, Mini Rabciistein. 

flaccida, G Kabeiisteiu, Alsace. 


HOCiuliH, G Bavaria, Swabm. 

From the Upper Oolites. 

grand i& Heid«mhcun,f also in lower oolites.) 

conformis, G. liiixwedcr. 

delphinula, G Streitberg, Thurnau. 

gibbrma, G Muggeudurf. 

noilulosu, G .Streitb«.rg. 

quinquangtiUrui, G. ... Noriuuiuly. 

prolifeia, G Streitberg. 

planorhitonnis, M Ditto, Thurnau. 

trochleuta, M Stivitbeg. 

limcrocephala, M Tlmrii.iu. 

huliciformis, G. ....... NeulVh.it el, Haute Rive. 

quadrihtriata. (i \niberg. 

convoluta, M .Stieitboig, Haircut h, Ate. 

Deshu)esn ** Streitberg. 

bpiniiiN, i\l Muggend. Nuttli. Ileidctih. 

flagellum, M. Slrvltheig. 

gordulih. Si Id Nuttli. Meulenh. Biixweder. 

interceptn, G Stieitberg, t 'ulmb.ieli. 

Ilium, G Slieiibeig, Thurnau. 


N»m i* 

Astacus longiniiimis Koniig. . Lyme. 

rostrutus, Phil 

miiis, Phil. MS 

scab roans, Phil. MS 

New genus ? Phil. MS 

Cancer 

The following are from Soleithofen : — 

Astucus spinimunuN, Germ, 
leptnductylus, Germ, 
lnodestiformis, Iioll. 
minutiis, Hull, 
fuciformis, Iioll. 

Pa gurus mysticus, Germ. 
Scy llama dubius, Iioll. 
Eryon Cuvieri, Desm. 


Crustacea. 

Lini. 


licwn O.jliti*. Miiblh* Oolite 


Scarborough Scat borough, Malton 

Ditto. 

. Mahon. 

• Scarborough. 

Malton. 


Eryon Schlottheimii, Hull, 
acutua, Germ. 
muticuH, Germ. 
Kpiuimunus, Germ. 
Mecochyrus locust a. 
Palatmon spinipes, Dcm. 
gquillariu^Dem. 
Wulchii, Hull. 


Insects. 

Traces of Insects occur at Stonesficld, and very fine specimens of libellulida; and hytnenoptcra at Solenhofen. 

4 q 2 
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This list is principally taken from Von Meyer’s Palwofogica and De la Beetle's Manual. 


Family of Saurians. 

Pterodactylus macronyx, Buckl. . . 

longirostris, Cuv 

brevirostris, Cuv 

S andis, Cuv. 

ucklandi, Von Meyer . . . . 

crassirostus, Goldf. 

medius, Miin 

Munsteri, Goldf. 

Crocodilus cylimlrirostris, Cuv 

pr incus, Soem 

Altdorfcnsis, Cuv 

Geoffroyi, Von Meyer . . . . 
Of Mans, Cuv 

undetermined species 

Teleosaiirus Cadomensis, G. St. II. 

Geosaurus Bollcnsis, Jipg 

Sucmmeringii 

Megalosaurus Buck land i 


{ 


Lacerta Neptunia, Goldf. 

Iguanodon Mantclli, Von Meyer. 

IlylsroNuurus , Mantell 

PJeurosaurus, Goldf., Von Meyer 

Rhochcosaurus gracilis, Von Meyer 

Family Enaltoxauri , Conyb. 

Ichthyosaurus communis, Do lu B. and C. . . 

tenuirostris, IX; la B. and C 

platyodon, De la B. and C. 

intermedius, De la B. and C 

grandipes, Sharpe 

cmiiformis, Haitian 

other species 

Plesiosaurus dolichodeirus, Conyb 

recent ior, Couyb 

carinatus, Conyb 

peutagonus, Cuv 

trigonus ? Cuv 

macrocephnlus, Conyb. 

new species, Hawkins 

Family Chehniu. 

Kinys, Mantell 

C he 1 uni a of Gluris, Cuv. 

others 


In lias, Lyme Regis. 

In slaty limestone, Kichstadt. 

Ditto, ditto. 

Ditto, Solenhofen. 

Lower oolite, Stonesfield. 

In slaty limestone, Solenhofen. 

In oolite, Manheim. 

Ditto. 

In lias, Altdorf. 

In oolite, Manheim. 

In lias, Altdorf; in Kimmeridge clay, Honfleur, Havre. 

In Kimmeridge clay, Houfleur, Havre. 

In oolite ? 

In lias of Yorkshire, Lyme Regis : in cornbrash, Northamptonshire, Stonesfield 
slate, and coralline oolite of Yorkshire. 

In oolite, Caen. 

In lias, Boll. 

In slaty limestone, Solenhofen. 

In StoneNfield slate. 

In oolite, Normandy. 

Manheim. 

In the We aide n formation, Tilgate. 

Ditto, ditto. 

In slaty limestone, Solenhofen. 

Ditto, ditto. 

In lias, Lyme, Yorkshire, Boll, &c. 

Ditto, ditto. 

Ditto, Lyme, Boll. 

Ditto, ditto. 

In lias. 

Ditto, Bath. 

In the lias and Kimmeridge clay. 

In lias, Dorsetshire, &c. 

In Kimmeridge clay, England, Normandy. 

In oolite, Boulogne. 

Ditto, Bullow, Cliaufour. 

Ditto, Calvados. 

In lias, Lyme Regis. 

Ditto, Somersetshire. 

In the Wealden, Sussex, Jura, Solenhofen. 

In lias, Pluttcuburg in (Baris. 

Stonesfield, Sussex, Solenhofen. 


Geology. 
Ch. Jl. 


Didelphis Bucklandi, Broderip 


Mammalia. 

In Stonesfield slate. Four specimens of the lower jaw exist. They are in the 
cabinets of Dr. Bucklund, Mr. W. J. Broderip, M. C. Prevost, and the York- 
shire Philosophical Society. The latter specimen was obtained from Stones- 
field by Mr. Platt, and by him trausferre d to Sir Christopher Sykes, Bart., 
in whose collection, now the property of the Rev. C. Sykes, it was discovered 
by the writer of these pages. 


Pisces. 


Name. 


IJritisli Loculi til**. 

In Lias. In Oolites. 


Foreign Localities* 

In LUs. In Oolites. 


Uneus graciUs, Agassiz 

Snuropsis lat us, Ag 

Ptycholvpis Bollensis, Ag 

Semionotus leptocephalus, Ag 

Lcpidotes gigas, Ag 

frondusiis, Ag 

ornntuH, Ag 

Leptolepis Bronnii, Ag 

Jfpgeri, Ag 

longus, Ag 

Tetragonolepis heteroderma, A g 

seiniciuctus, Broun 

pholidotus, A « ;••••••. 

Traiilii, Ag England 

altivelis Ag 

Dapedium politum, De la Beche Lyme Regis, &c. 

Fish teeth and palates Ditto, Bath, &c. 

Ichthyocopros Lyme 

TJndescribed fishes Borrow, Whitby 


Wiirtembcrg. 

Ditto. 

Boll. 

Zell, near Boll. 
Ohmdern, near Boll. 
Zell. 

W’urtembcrg. 

Near Donaueschingen. 
Zell. 

Ditto. 

Ditto. 

p 

Ditto. 

South of Germany ? 
Ditto ? 


(Yorkshire, m. Bath, /. 
\ Oxfordshire, l. 


Portland, u. &c. 


Normandy, /. 
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Otology. The following are from the metamorphic lias of 
*'** • **’ Glams formerly called greywacke slate. 

Zeus Regleysianus, Bl. 
platissn, Bl. 
spiuosus, Bl. 

PaliBorhynchum Glarisianum. 

Clupea Scheuchzeri, Bl. 
elongata, Bl. 
megaptera, Bl. 

Ancnchelum Glarisianum, Bl. 

The following are from the lithographic limestone of 
Solenhofcn, Pappenheim, Manheim, and Eichstedt. 

• Clupra encrnaicholoides, Germ, 

dubia, Bl. 

Knorrii, Bl. 

Salmonea, Bl. 

Davidei, Bl, 

P.Teilea dubia, Bl Anspach ? 

Atherina Huvarica, Germ. 

Knox avirontris, Germ, 
ncutirostris, Bl. 

StromateiiN hexagonuN, Germ. 

Ichthyolithus esociformis, Germ, 
hiciifbrinis, Germ. 

And species supposed to belong to cyprinus ? peren ? squalus, 
zens '■ ch;rtodon P spurns. 


General Summary. 


Plants marine 4 

terrestrial cryptogainous. 39 
gyinnosjHTinouN . . • 33 
monocotyledonouSjAc. 4 


These occur in the limestones. 

These ure found in the sand- 
stones and coal shales. Tho 
coal is principally composed 
of cipiisetii. 


Toly par i.i fibrous 

75 

Conchifera brAcluopoda. • 

61 

coiticifcrous and 1 

L A | 

MuUuncu gasteropoda . . . 

114 

ci'llulifcrous . J 

\ 11 

cephalopoda . . . 

273 

ltimelliferous . . . 

59 

Annulosa 

55 

Umlinria rrinniflm t 

31 

Crustacea 

22 


7 

Insects 


cchinidu 

47 

Fishes 

40 

Conchifera plagyinyona . 

189 

Reptiles P.m 

40 

inesomyona .... 

134 

Mammalia 

1 


Totul number of species 1272 


It is impossible to close this extensive catalogue of 
the plants and animal remains of the oolitic period with- 
out acknowledging the great value of Mr. De la Beche's 
laborious investigations in this yet iuexhaustcd field. Tn 
the German translation of his Manual of Geology , for 
which we are indebted to M. Von Dechen, are many 
important additions and improvements. 


Cretaceous System • 

Mineral That a peculiar type, of mineralogical character, be- 
charucter. longs to each system of formations, must have been suffi- 
ciently evident through the whole course of our inves- 
tigation, The gneiss and mica slate system, the clay 
slate system, the limestones of the carboniferous system, 
the coloured marls and magnesian limestones of the 
saliferous system, the oolites, are all resting points for the 
mind, and amidst a multitude of shades and gradations, 
strongly impress upon us the distinctive features of the 
several periods of time at which these so different rocks 
were in a predominant degree produced. 

Mineral characters alone, when rightly used, are in 
many instances sufficient to determine the Geological 
relations of even distant regions; and when conjoined 
with the evidence of organic remains, and controlled 
by careful survey of the strata above and below, they 
form a secure groundwork for topographical Geology. 

The cretaceous system is equally definite as any of the 
others with respect to the distinctness of its prevailing 


mineral ingredients, and not less characteristically marked C i\T ,, W r- 
by peculiar marine exuviu?. Qialk and green vuuls . _ ‘ , 

are terms understood by all theXieologists of Noithern 
Europe ; and even on the Southern side of the Alps 
their representatives may be recognised. 

Through England, the ranges of chalk lulls lorm a Surf.u-i. of 
geographical feature even more important than that ol c,Mmlr y- 
the oolites; for though in general not so elevated, they 
are less interrupted and more extensive, more uniform 
in composition, and therefore more identical in aspect. 

The chulk hills form the first great ridge which is to be 
crossed from the Eastern side of the Island, and nothing 
can be more remarkable or instructive than such a jour- 
ney. On approaching these broad hills irom the level 
or gently undulated plains of the Eushm Counties, or 
the clay vales of the oolite system, the country changes 
entirely. The streams run in smoothly sloping valleys, 
the hills rise with beautiful swells into a long waving 
outline, seldom broken by a tree, but often capped by 
an ancient tumulus. Arrived on the summit, we behold 
a mighty extent of broadly undulated land with abun- 
dance of depasturing cattle, but few habitations of men. 

A variety of plants, eminently characteristic ol’ calca- 
reous soil, force themselves on the attention ; flints 
abound in the fields, chalk is cut through in the roads, 
the soil is thin, the herbage short, the surface dry, and 
vve feel ourselves in a new physical region. 

This impression is confirmed when we observe more 
carefully the numerous undulutions upon the surface of 
the “wolds for all these may be traced into connection 
as so many ramifications of greater valleys, which them- 
selves often unite, and pursue a considerable course 
without enclosing even the smallest rill, or showing 
even the mark of a watercourse. These dnj valleys 
descend from their origin in regular slopes, and are 
clearly the work of water, operating with great force, 
and for some time, but in the present system of Nature 
the watery agent hns wholly disappeared. 

The rains are absorbed as fast as they fall upon tin's 
dry surface, and sink to considerable depths in the rock, 
where they are treasured up in reservoirs to supply the 
deep wells and the constant springs which issue at lower 
levels. 

In a word, broad, swelling bills, smooth, winding, often 
dry valleys, and a bare dry, grassy, surface, are the ge- 
neral features of the chalky districts. 

This character of surface belongs, as Dr. Lister re- 
marked long ago, to the chalk wolds of Yorkshire, Lin- 
colnshire, Norfolk, Suffolk, Berks, Wilts. Dorset, Hump 
shire, Surrey, Kent, and Sussex. 

The cretaceous system forms properly but one forma- Groups of 
lion. Supposing the whole to be present in a single Um? system, 
section, we should have the following general series. 

if. Upper chalk, with abundance of flints in layers 
lb I and nodules. 

B k 11 f' ^ e. Lower chalk, with fewer flints. 

[d. ('hulk marl, or malm. 

Green Bind I c * lT PP er K reen sftm, > ,nsil,n rock » cr 

roii » hm G,lult cltt y- 
g roU l ,< i Ua Lower green sand or iron sand. 

d and c are sometimes iindistii»gu/\sln»blc. The lower 
green sand generally forms a distinct ridge, which may 
even exceed the chalk in height. 

The complete system here presented occurs in many 
parts of Kent, Sussex, and Hampshire, but generally in 
other parts of England the sections are modified, so as 
to present only pari ial assemblages of the lied r., some- 
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Geology. times one, sometimes another being deficient ; and with 
Ch. II. respect to the malm roc^, great differences being observa- 
'-•■v*'' ble. Thus, in Wiltshire, where Mr. Smith took the 
type of this formation, we hove the upper green sand 
remarkably developed ; the lower one and the gault are 


contracted. 

Chalk upper 1 500 fcot 

lower J 

Chalk marl 100 

r. Green, grey, and yellow band 1-0 

Gault 

Lower green sand 30 


Along the line of chalk hills from the valley of the 
Thutnes to Lynn, the upper green sand is almost lost 
in the chalk marl and gault ; green grains being mixed 
with the former, and still more in the upper layers of 
the latter. In Bedfordshire, the chalk marl produces 
a bed of silicious, chalky stone, which may probably be 
analogous to the firestone of Mcsterhum in Surrey, 
which is determined to belong to the upper green sand 
series. Indeed, the sections along this part of the 
chalk range are very similar to those of Sussex and 
Kent. 

In Lincolnshire we meet with a new feature, a band 
of red chalk ; at the base of that, thick rock ; under this 
no upper green sand, and generally no gault, but the 
chalk rests upon a thick series of greenish and ferru- 
ginous sands, with included beds of sandy limestone, 
full of fossils resembling those of the lower green sand 
of Kent. This country has been very badly represented 
in all our maps. 

In Yorkshire, the cretaceous system consists of 

Upper chalk. 

Lower chalk and traces of chalk marl. 

lied band of chalk. 

Gault with green grains passing downwards into 
Kimincridgc clay, without the intervention of the lower 
green sand. 

From several recent researches abroad it has been 
thought that the chalk group of England ami France 
is imperfect in the upper terms, and that the well-know n 
Maestricht beds, and the recently investigated Gnsau 
beds, appear to soften the transition from the chalk to the. 
true tertiary strata. If Mr. Webster’s observation of a 
supercvetaceouH marl in the Isle of Wight belong to this 
era, analogous deposits are not absolutely wanting in 
England. Wo shall now trace the history of these 
several members of the green sand and chalk groups, 
beginning as usual with the lowest. 

The lower In Lincolnshire, the lower green sand is a consider • 
grct-ii able mass of yellow, often very irony sand, forming, lo- 
naiul nm wari ^ ^ ie West, poor heaths upon the Kimmeridge clay, 
Shaiiklin racily like those about Lynn, Ampthill, and Godstonc. 
sands, &c.) It contains a good deal of bad ochre, very similar to 
thut of Shotover Hill, and lines ofoxydeof iron like that 
of Rycgatc. Beds of grey stone, blue within, flat- 
bedded, sandy, and full of fossils, lie in it, and afford 
excellent road materials. These are dug at Tealby, 
Market Stuintou, Ludford, Cawkwell, Blustonc Heath, 
Stainlon in the Hole, &c. It has considerable resem- 
blance to the Kentish rag, and contains exogyra sinuosa, 
pecten ductus, plagiostoinata, serpuliu, ammonites, alcyo- 
nifbrin bodies, small corals, and many other fossils ; but 
echini and belemnites appear unknown in it. From 
these details it is evident that the stratum has all the 
most decided characters of lower green sand. It is 
exposed by denudations in the chalk, and also ranges on 


the West of the wolds for a great length by Rasen, Les- Geology, 
sington, Linwood, &c. to Louth. The whole thickness “• 
is probably 100 feel. These notices are partly derived 
from personal observation in 1821, but principally from 
a special visit to the district in 1833 with two friends, 

Messrs. Dikes and Lee of Hull, who have fully ex- 
plored it. 

As usual in coloured sands, this stratum often contains 
veins of perfectly white sand. At Lynn this has been 
found of value for the glass-houses. In Cambridgeshire 
and through Huntingdonshire, the iron sand forms a 
narrow course of low hills, but through Bedfordshire 
and Buckinghamshire it takes a commanding station, 
forming heathy ridges from Potton to Woburn, and 
through Buckinghamshire and Oxfordshire, capping 
Brickhill and Hi ill Hills, Shotover Hill, Ciiinnor Hurst, 
and Faringdon Clump. In Wiltshire, Spy Park, Bowood, 

Seend II ill, are capped by these beds, but they are sup- 
posed to thin out to the South, and to be lost, until in 
Blackdowu they are probably associated with the upper 
green sand, in the Isle of Purbeck and the Isle of 
Wight it is an important rock, and, as observed before, 
encircles the whole of the Wealden formation of Kent 
and Sussex. 

Through the whole of its range from Cambridgeshire 
into Wiltshire it is a highly ferruginous sand, with 
spheroidal or merely irregular concretions of o.\)de of 
iron, frequently enclosing a coarse brown ochre. At 
Shotover, the fine yellow ochre forms two irregular beds, 
separated by a thin parting of cla^. Fuller’s earth also 
occurs in it in layers in Bedfordshire, especially ai Wo- 
burn. Grains of green sand abound in some layers of 
these beds in Bedfordshire and Buckinghamshire, and 
constitute it a real green sand Chert layers also are 
formed in it, and many of the beds assume the aspect of 
coarse conglomerate, used by the ancient Britons for the 
making of quern stones or carstones, whence Mr. Smith 
gave this name as a synonyme of the iron sand. Fossil 
wood is frequent in these beds. In Bedfordshire its 
thickness may be staled at 100 feet; in Wiltshire Mr. 
Lonsdale finds it 30. 

In the Isle of Purbeck, the iron sand consists of many 
beds of quartzose conglomerate, and of coarse and fine 
grained sandstones, containing beds of wood coal. In 
the Isle of Wight, dark red ferruginous sandstones in 
the upper part, and alternations of red and yellow ferru- 
ginous sands and clays in the lower part, form the 
substance of all the Southern half of the Island, and 
contribute much to the beauty of the scenery of the 
U ndercliff. 

In its long course around the Wealds of Kent and 
Sussex, the lower green sand presents, with the general 
characters noticed above, some local peculiarities of in- 
terest. In Leith Hill, its extended plateau makes a 
commanding feature, and shows a great thickness of 
brown sands, with abundance of chert, with confluent 
grains passing into chalcedony, and some alcyonites like 
those of the Isle of Wight. 

The importance of the lower green sand as a geo- 
graphical feature diminishes as it proceeds round the 
South side of the Weald, but the Northern range is 
generally elevated and remarkably continuous by Rye- 
gate, Nutfield, and Maidstone to Hythe and Folkstone. 

At Ryegate it is almost exactly like the ferruginous rock 
of Woburn; at Nutfield it produces beds of fuller’s 
earth ; from Maidstone to Hythe and Folkstone the 
sands are in general remarkably, and even excessively. 
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The gault 
or golt. 
(S\n. Blm 
•Marl of 
Tetsworlh 
and Folk- 
atone, Mica- 
eous Brick- 
earth, 
Smith.) 


The upper 

gieen sand 


rich in green grains atul nodules, and contain beds of 
whitish limestone, sometimes chalky and often cherty, 
with green grains, considerably rich in ammonites, troclii, 
cardia, pecteus, liitraria?, exogyrije, echinites, and other 
fossils. These beds may be generally called Kentish 
rag. Some of them are of u dark grey colour, very hard, 
full of green grains, and rich in many fossils, some of 
which are usually found in the upper green sand. The 
cherty beds of Leith Hill and Haslemere ore probably 
the representatives of these calcareo-silicious layers. 

Some of the beds of lower green sand about Folk- 
stone are excessively coarse in the grain, and absolutely 
crammed with green grains and nodules. The large 
species of exogyra is very frequent, uiul appears charac- 
teristic. The blue marl or gault rests immediately on 
tile sandy beds. 

The gault or golt is an argillaceous member of the green 
sand group, of great interest to the t'onchologist, since 
in Kent, Surrey, Sussex, Wiltshire. Cambridgeshire, and 
Yorkshire, it yields a most rich supply of molluscous re- 
mains, many of them minute and of the greatest beauty. 
It accompanies the lower green sand around the whole 
district of the Weald, separates the upper and lower green 
sand in the Isles of Wight and Purlicck, and follows with 
the same relations the range of the green iron sand 
through WilNand Berks, Buckinghamshire and Bedford- 
shire, nnd Cambridgeshire, and appears in Yorkshire with- 
out either upper or lower green sands immediately below 
the* chalk. Its averuge thickness may be fairly esti- 
mated at J00 feet, ami it universally forms a character- 
istic narrow valley under the chalk. No remarkable 
peculiarity of inineralogicul aspect or chemical composi- 
tion distinguishes the gault, except a general tendency to 
admit green grains into its more sandy portions. It 
produces a capital brick earth fit fur white bricks, in 
the midland Counties. It is often of a very dark blue, 
but sometimes of a light grey colour. Near FollMone 
it contains in the lower part a remarkable layer of small, 
irregular, ironstone nodules, every one of which is 
formed round an ammonite. A similar layer contains 
similar ammonites at Steppingley Park, Bedfordshire. 
At Spec ton in Yorkshire oval nodules of similar nature 
generally enclose small specimens of astacus. Small 
beleinnites, handles, ammonites, nucuhe, striated terebra- 
tulse, serpulte, &c. abound in the gault, and serve admi- 
rably to complete the catalogues of fossils of the creta- 
ceous system. 

The upper green sand was first examined in Wiltshire, 
where it consists of green, grey, and irony sands, immedi- 
ately subjacent to the chalk, and affording passages for 
the collected water of that thick deposit downwurd to the 
gault. The green grains there assumed to be character- 
istic of these strata are now known to occur in older 


sands, (in calcareous grit, for instance,) and in much 
more recent beds, (as above the chalk frequently,) yet still 
the greenness of the sands immediately below chalk is a 
curious general fact. They are, however, quite as often 
grey or even whitish, with a remarkable tendency in the 
grains to coalesce into meagre sandstone, sandy chert, and 
at length semitransparent and chalcedonic chert. These 
effects are particularly to be observed among specimens 
of the sponges, and so called alcyonia, which abound in 
the green sand group. It is easy to understand how so 
variable a mass of sands placed immediately below the 
chalk, and clearly in many places (as at Havre) gra- 
duating into that calcareous rock, should in several in- 
stances become so cretaceous as to be hardly distinguish- 


es 

able from the chalk itself. This happens in Bedford- Geology, 
shire, where the Tntlenhoe slope appears to be the 
representative ot the upper green sand, in Surrey at 1 L 

M erst ham, in Dorsetshire ut Beer. Hound the Wndd 
of Surrey and Sussex, the malm ruck, which is certainly 
coeval with the Wiltshire green sand, (Murchison,) 
und also with the M erst hum firestone, occasionally shows 
many greeu grains, and at Beet by Head (Mantell) 
changes to nearly the ordinary type of the green sand 
of Wiltshire. From ihe.se considerations \w are lully 
justified ill regarding the upper green sand as intimately 
connected with the lower commonly argillaceous pait of 
the chalk, just as the calcareous grit is with the coralline 
oolite, and the caleiforous sand with the inferior oolite. 

In particular places, mechanical causes gave a predomi- 
nance to its sandy character, and in others the abun- 
dance of organic exuviaL* impressed it with a particular 
zoological type. This mode of viewing it. exactly ac- 
cords with its general character through France, where 
it is associated with the lower argillaceous chalk under 
the title of ^(au conic eray<usv. According to this clas- 
sification, the upper green sand or firestone beds form 
a nearly continuous base for the chalk from Lynn to 
Dorsetshire, and round the whole of the Weald of 
Kent and Sussex, yielding organic remains at intervals. 

Chalk marl may be viewed as the next step in the gra- Clmlkmurl. 
d at ion of changes by which we are conducted from the 
green sand system to the true cretaceous type. It is, in 
fact, an argillaceous chalk, holding variable quantities of 
clay and sand, superimposed upon the green sand or 
malm rock, and gradually changing upwards to the lower 
chalk. It is, perhaps, observable on the Western slopes 
of the Yoikshire wolds above the red ihulk, hut is dis- 
tinctly traceable below nearly the whole range of’ the 
chalk hills from Lynn to Dorsetshire, and round the 
whole of the Weald, every where closely associated with, 
and indeed hardly separable from, the malm rock or 
firestone, and often enclosing, as near Woburn and 
Folkstoue, green grains and fossils of the true upper 
green sand. 

Were it not that all such classifications are arbitral y, 
and only locally exact or valuable, we might conve- 
niently group together the upper green sand and chalk 
marl divisions, atul thus rank together the greatest 
part of the lower fossil ilerous beds of the chalk, which, 
occasionally argillaceous, stony, or suudy, np|>ear very 
generally interposed between the true ehalk and the 
continuous lower green sand. 

In England, generally, the lower half of the thick i,owi*r 
mass of clinlk is harder, more jointed, and less divided chalk, 
by layers cl flint nodules than the upper part. It is 
often of a grayer colour, and, to a certain extent, dis- 
tinguishable by a different suite of organic remains. In 
particular, it appears to contain very lew of the stellcrida, 
crinoidea, or cchinida, not so many belemnites or tere- 
brutulce, but, on the contrary, yields more ammonites, 
some hamites, true bites, and other fossils approaching 
to those of the green sand group below. But the inine- 
ralogicul character of the lower part of the chulk is liable 
to great variations. In Yorkshire, three-fourths of the 
whole mass arc hard, and the lower portions areas much 
traversed by layers of flint nodules, ut pretty regular 
distances, as the upper parts. In the Dover cliffs, beds 
of soft cretaceous marl divide the chalk without Hints 
into two portions, the upjnir one yellowish, hard, and 
containing numerous thin beds of organic remains, the 
lower one whiter, softer, often gritty at the top, en- 
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closing masses of pyrites, but few organic remains. 

' *' * (VV. Phillips, in Geology of England and Wale.*.) 

The upper chalk is usually recognised in England by 
its whiteness, softness, numerous layers of flints at in- 
tervals of tour to six feet, and abundance of zoophjtic re- 
mains. Sponges of many kinds, small lamellifcrous 
corals millepores, crinoidea, stellerida, echinida of very 
remarkable form, large inocerami, belemnites, and abun- 
dance of lerebratula* are the most frequent of its nume- 
rous fossils. The layers of flint nodules are exceedingly 
interesting, and throw light upon the mode of formation 
of the chalk. They are always found in the planes of 
stratification, generally irregular in figure, black or grey 
within, with traces of spougilerous bodies, shells, echini, 
or other organic bodies. The external crust is usually 
white and silicious. The sponges also are often quite 
white and silicious, and lodged in a cavity, left by the de- 
cay of part of their substance. The crusts of echini are 
usually, even when enveloped in flint, converted to cal- 
careous spar, and belemnites retain their original ra- 
diated structure. Occasionally, as at Sudbury, the flint 
occurs in thin layers parallel to the stratification. 

It seems probable that in the formation of the chalk 
from the decomposition of the sea- water then holding 
lime and silica in solution, the carbonate of lime and 
silica fell to the bottom together, in quantities sufficient 
on each occasion to constitute a bed of chalk and flint, 
and that the latter substance was especially attracted 
by the organic remains then lying on or beneath the 
beds, so as to collect round the sponges, echini, Ac., 
exactly as the oolitic matter has been collected round shells, 
the lias limestone round ammonites, the carbonate of iron 
round ferns, &c. Analogous cases occur in the spon- 
gif'erous cherts of the Portland oolite and coralline oolite, 
and we might perhaps venture to extend the same mode 
of reasoning to the case of chert nodules in carboniferous 
limestone, for these often (not so generally as in the 
case of flint) contain organic remains. 

Pyrites is generally plentiful in the upper chalk, 
variously crystallized, ami is not unfrequently associated 
with silica in the sponges which lie in chalk. It is in 
these cases generally decomposed into brown oxide of 
iron. 

Flints are very often split or cracked in their native 
repositories, as if by contraction of the mass, and this 
sometimes, but less frequently, happens, when organic 
remains of a solid kind are enclosed in them. The 
most remarkable cases of this nature are described by 
Mr. Webster, in the dislocated upper strata of chalk in 
the Isle of Wight. Ail the flints in the layers which 
alternate with chalk, are found broken in every direction 
into pieces of every size, which remain in their relative 
places enclosed within the cell of chalk, and showing 
no other signs of fracture than a fine line, as in shivered 
glass. On being removed from their place the flints 
fall into many pieces. This singular fact seems con- 
nected with the disturbances of the chalk, and may, 
perhaps, be due to the violence of the tremour then im- 
pressed upon the mass, a tremour which might shiver 
elastic flint, (especially if, like a Rupert's drop, its parti- 
cles had been previously in a state of tension,) but leave 
the chalk unaffected. 

Mr. Webster’s account of a bed of argillaceous chalk 
or marl in the Isle of Wight, above the chalk with 
flints, seems to be the only indication of a transition or 
gradation of deposits between the chalk and the ter- 
tiary beds yet clearly observed in England. The marl 


dug on the Sussex Downs, a? well as that in Hertford- Geology, 
shire and Norfolk, tnuy, perhaps, be related to it. Ch. II. 

Range of the. Cretaceous System out of England . 

The principal range of the cretaceous rocks is in- 
cluded within the genera] boundaries of the European 
basin, and it is probably not at all less extensive than 
the oolitic system, though by the diffusion of tertiary 
rocks above it, its course in large tracts of country is 
wholly subterranean. 

The cretaceous system of Ireland is in a depression, Ireland, 
on the Western side of what is usually understood by 
the basin of Europe. It consists of chalk 200 or 300 
feet thick, harder than is common in England, but with 
a similar though less extensive suite of organic remains, 
and rests on greensand, there called mulatto , with the 
usual characters of that group in England. Lius is 
found beneath at the Giant's Causeway. In Scotland, 
only a very dubious indication of the cretaceous system 
is afforded by the flints which rest upon primary rocks 
near Peterhead. 

Within the natural modern boundaries of the princi- 
pal basin of European secondary strata, the primary 
rocks of Scotland, Cumberland, Wales, Cornwall, and 
Brittany, on the West; the Pyrenees, the Alps, and the 
Carpathians, on the South ; Caucasus and Oural on the 
East; Finland and Scandinavia on the North; the 
cretaceous system, chalky, marly, or sandy, is very 
largely developed. The type of the formation may be 
taken in Southern England or Northern France indif- 
ferently. In the latter Country its extent on the sur- 
face is probably equal to the whole superficial area 
which it occupies elsewhere in Europe. It encircles 
with a broad belt the basin of Paris, and passes off on 
the North-Eastern side into Belgium, which whole Coun- 
try It probably underlies, though the tertiary deposits 
conceal it, except along the sides of the Meuse. At 
Muestricht the upper beds of the cretaceous formation 
have, in many respects, mineralogieal and organic, 
a remarkable analogy to the calcaire grosver, which is 
the lowest really marine tertiary rock in the vicinity. 

These beds, however, by their piincipal characters 
really belong to the cretaceous system, of which they 
may be considered the highest terms at present known. 

A little appearance of the chalk is observable North of 
the coal of Elberfeld, to which it is unconformed, as well 
as to that of Namur and Liege. The chalk system 
most probably underlies the whole region of Northern 
Germany, from the point last mentioned North of the 
oolite and lias of Westphalia. Thfc green sand is re- 
markably well exhibited with characteristic fossils in 
the romantic tract of Saxony, North of the Erzegc- 
birge, (there called quadersandstein ,) as well as an 
upper calcureous portion supposed ecpiivalent to the 
chalk and phmcrkalk. North of the Carpathians, both 
chalk and green sand occur in long ranges of hills, 
passing from Poland by Lemberg into Todolia and the 
South of Russia. It reaches the Dncister, and extends 
to the plains of Volhynia. It forms considerable emi- 
nences around Grodno in Lithuania. “ Further South, 
in the plains of Moldavia, Podolia, and Bessarabia, it 
appears only in detached portions. Chalk i 9 found on 
the Southern side of the granitic Steppe in the Crimea, 
and on the borders of the Sea of Azof, between the Berda 
and the Don. In the Country of the Don Cossacks, in 
the Governments of Woronack, Koursk, and Toula, it % 
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appears in hills and oil the banks of rivers, and pro- 
bably constitutes the base of that great and fertile 
' plain/* (Pusch, quoted by De la Beetle, Manuul of 
Geology.) 

In Pomerania and Mecklenburg, and the Island of 
Rugen, cliffs of chalk occur with the usual fossils of 
England, and in Sweden it rests upon rocks of gneiss 
and greywacke, and only in one instance, at Limlinmm 
in Scania, upon recks of the oolitic era. In the Noith of 
Germany it appeal's at intervals, near Lunehurg, and 
on the borders of the Ilarz mountains, (at Quedlinburg.) 
and there seems no reason to doubt that the whole vast 
plain of Northern Germany, from the Rhine to the Vis- 
tula, rests upon the cretaceous system. What remains 
of the Island of Heligoland consists of green sand. 

The whole line of the Alps from the Salcve to Vienna 
is bordered upon the Northern side by rocks of the ere 
taceous system, which are closely associated in character 
with both the oolites beneath, and with the tcrliarics 
which lie above A similar observation applies to the 
South side of these mountains; chalky rocks range 
down the Apennines, and occur abundantly in the Ma- 
ritime Alps, there, as well as about Geneva, intimately 
associated with the upper oolitic beds. Deposits of this 
era also lie in old valleys of the Jura mountains, which 
range in a North-Eastern and South-Western direction. 
The Pyrenees are bordered on both sides by green sand 
and sandy and calcareous beds, containing with many 
chalk fossils some of tertiary types. 

Over this extensive area the lnineralogical characters 
of the system are tolerably uniform, except in the vici- 
nity of the Alps, where the violent disturbances to which 
that mountain range has been subjected appear to 
have entirely altered the aspect of these beds, so as 
to permit authors to speak of black chalk, which, how- 
ever, is perhaps a portion of the green sand group. 
Out all the region already mentioned in France, 
in Belgium, at all the points in Northern Germany, 
iu Poland, in Russia, Pomerania, Denmark, and Swe- 
den, the chalk has its usual characters and appear- 
ance, and contains ananchytes and spatangi, belein- 
nites, terebratuhr, in oce rami, &e. The green sand in 
Prance, near Aix la Phapelle, along the Erzgebirge, in 
Poland, along the Carpathians, in Heligoland, has its 
usual characters. Indeed, even along the Eastern Alps, 
but especially in the Swiss and Savoy Alps, and (he Jura, 
the green sands* group retains nearly its usual aspect, 
and exhibits its usual fossils ; and an English Geologist 
placed at the Pcrte du Rhone, or amidst the iclics of l he 
Montague de piz, is at once introduced to the Geology 
of the \iciuity. Green sand layers alternate with the up- 
per part of the Jura oolites in the Saline, and the same 
phenomenon appears to happen along the Eastern Alps, 
(Murchison’s and Sedgwick’s Memoirs, Geological Tran .*- 
actions ,) where some parts of this group contain tnci so 
as to be characterised thereby. Nununulitcs are asso- 
ciated with the green sand in the Swiss Alps, and also 
in the Maritime Alps, where the lower beds of the cre- 
taceous formation consist of light-coloured limestone 
charged with green grains, and full of bclcmuites, am- 
monites, nautili, mid pectiucs, and appear intimately 
connected with the top of the Jura limestone deposit. 
(De la Deche, Manual , 259.) Nummulitic rocks, cal- 
careous and arenaceous, exist in Dalmatia, and form 
high mountains in Croatia. 

On the Southern side of the Alps, the beds of the cre- 
taceous era, which descend to the plains of Lombardy, 
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are principally composed of white, greenish, and red- (J 
dish beds, and it appears that a gradation of character L'h. If. 
may be traced through the oolitic, cietaccous, and ter- s 
tiary strata here uplifted. (Murchison.) Some of the 
light-coloured limestones referred to the chalk are called 
seaglia, and the mountain of the Yoirons nenr Geneva, 
yields a rock of similar nature. 

Dislocations of the Cretan on* Syxtnn* 

Like the oolitic era, the cretaceous period appears to 
have been one of regular action, perhaps still mmc uni- 
form than that, but not of so long duration. For we do 
not find its deposits to contain so many distinct Miitos 
of organic remains, nor so many remarkable tepefilinn* 
of analogous rocks as occur iu the oolitic svstem. The 
lower sandy beds of the system, indeed, may be thought 
to have been influenced by the convulsions which lip- 
hea\ed the oolites, but we cannot assent to the notion of 
Elie de Beaumont, that the whole cretaceous system is 
derived from the mechanical movements thus impressed 
upon the waters. The organic remains of the system 
sufficiently disprove this, and the great extent and uni- 
formity of the deposit of chalk is no otherwise to he 
explained, than by general laws applicable to all the 
older and more recent calcareous strata. 

That disturbances of great extent happened some- 
where alter the deposit of the chalk in England, is evi- 
dent from the extraordinary abundance of sandy and 
gravelly accumulations, sometimes renting in hollows of 
the chalk, which immediately cover that stratum. A 
great part of the plastic clay group is of this lingmcntary 
ami tumultuary origin, and its black flint pebbles are 
only water-worn chalk flints. But England docs not 
appear to have been the centre of these convulsions, 
nor to have been much moved by them unless bodily, 
and without local and violent fracture of strat i. It is, 
indeed, very probable , that parts of the chalk formation, 
originally deposited in deeper seas, were at this time 
brought up and made to constitute a shore and to be 
liable to all the waste of the waves. And sonic portions 
might be, and probably were, raised to dry land, and 
exposed to the weather and the wearing of si i cams. 

But we cannot at present undeitukc to say where such 
a shore occurred, nor in what part exactly the chalk 
was raised into hills. 

In Ireland, at this period, great eruptions of l>a«alt 
happened, and broad lakes of lava covcml the chalk of 
that Country. 

In France the cluilk was waited as in England, and 
its Hints rolled to pebbles, to constitute the pebbly beds 
of the plastic clay group; and this seems to have been 
chiefly effected by liesh-water streams, for we find iu the. 
plastic clay of France few organic remains besides ter- 
restrial and fresh- water productions. Yet here, we be- 
lieve, it is equally difficult to say what portions of the 
chalk were thus raised and exposed. The surface of 
the chalk in France appears to have been more wasted 
and furrowed than in England. 

To this period, Elie de Beaumont ascribes the disloca- 
tions which iu the French Alps and the Smith- \\ ostein 
extremity of the Jura, from die environs of Antibes to 
those of Pont d’Aiu and Lons Ic Suuluicr, present a 
series of dislocations in u direction North North-West. 

The primary mass of Mont Viso is ti averted by this 
system of faults. The Eastern crests of the IKvolny 
oil the North of Gap, arc formed of the oldest beds of 
the green bund and chalk, throw n up in the dncction 
& 4 ii 
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North North-West, am! raised more than 4700 English 
feet above the sen, while at their feet, and 2000 feet 
lower, the nmnmiilitic or upper portion of the cretaceous 
system remains horizontal and entirely undisturbed. 

Every thing- belonging to this particular epoch, that 
is calculated to throw light on the changes then operated 
on the external features of the Globe, is of the highest 
curiosity and importance, since the probability is great 
that very violent and extensive convulsions, producing 
most remarkable alterations in Physical Geography and 
in other conditions of organic life, must have happened to 
occasion so entire and sudden a change of plants, shells, 
and vertebrated animals, as, notwithstanding recent dis- 
coveries of supposed intermediate strata, is admitted to 
have taken place after the deposition of the cretaceous 
system. 

Some time after the above remarks were written, 
the third volume of Mr. Lycll's Principles of Geology 
appeared, in which that able Geologist has ventured 
to do what we thought too ditlienlt to attempt, and tie- 


fines in one instance what part of the ancient bed of the Geol< 
sea was raised at the commencement and during the 
continuance of the tertiary period. Combining his own 
obserxations on tertiary strata with Mr. Mantell’s dis- 
coveries, he proposes the theory that the elevation of the 
Wealdcn district of Sussex and Kent was contempora- 
neous with, or only immediately antecedent to, the de- 
position of the tertiaries in those parts of the sea which 
are now become the basins of London and Hampshire ; 
that the elevation of the secondary, as well as the depo- 
sition of the tertiary rocks, was produced by long con- 
tinued operations of the same kind, and that as different 
strata were raised in the Weald, to be wasted away by 
the sea and atmospheric uction, the tertiary deposits, 
thence carried to the depths of the sea, were proportion- 
ately varied. We cannot now discuss this ingenious 
theory, because it is connected with a very extensive 
argument, involving many of the fundamental views of 
this author, Klie de I Jean m out, and Von Buch, but it 
will be examined in its proper place. 


Table of the Organic Remains of the. Cretaceous System. 


Conferva* . 
Algnp 


Plants, (from M. Adolphe Brongniart.) 

Name. Rock. British Luciilitii*^. Rock. 

Cunfervites fascic-ulata Sussex chalk . • . 

a’gogropiloules ditto ... 

Fucoides Brardi 

()i bigni.itius 

stiirtus . 

tiihereuloHiis 

Targioiui chalk Bognor, Sussex 

sequ.ilis 

diHonuis 


in trie at us 
furcatiiH 


recurvus 

Lyngbiaims 

Bronguiniti, Mant. .. ditto Sussex. 

Naiades . Zostcrites caulinhrfuha 

line at a • • . • 

Bcllovisiana . 

cion gat a. 

Cycadew . . • .Cycudites Xilsonii chalk 

Thuytes nlietu, Sternb planerkalk . 

Wood, dicotyledonous ..... ditto ditto. 

Leaves resembling pUitunus and lirioden-^ 

droll, Sternb j * 

It docs not appear that any of the plants of this epocli were in existence before 


Foreign Localities. 

A rnager in Bornholm. 

Ditto. 

PialjH'nson. (^Dordogne.) 

Isle d’Aix, near La Kochelle. 

Isle d’Aix. 

Ditto. 

Les Voirons, near Florence. 

Vern usque in the Plnisantin. 

Bidache, near Bayonne. 

jOneille, (tenon, Florence, Vienna, Bi- 

\ (lache. 

Vcrnaaquc, GCnes, Florence. 
Vernasque. 

Arnager. 

Isle d'Aix. 

Ditto. 

Ditto. 

Ditto. 

Scania. 

Schmetschim. 


Blankenburg, Wcrnigerodo. 


or since. 


Family. Nairn 1 . Ilnck, 

Fibrose© . . • • .Spongia plana, Phil chalk 

capitata, Phil 

oscubfera, Phil 

convoluta, Phil , . . 

loluita. Flem 

margin ata. Phil 

rndicifurniis, Plnl 

terebr.ita, Phil 

porosa, Phil 

Ifrvis, Phil 

crihrosa, Phil 

ram osh, Maul 

par.'idoxi ca 

( Spongus )labyri nt Incus , M ant 

Townsendi. Mailt 

(SiphoniaJ Websteri green sand. 

curvirornis. Goldf. 

incrassata, Goldf. 

(Ventriculites )Benetti«i*,Mant chalk 

radiatns, Mnnt ditto 

alcyonoidcs, Mant. , . ditto • . . . . 
quadrangulnris, Mant. ditto 


PoLYPAniA. 

Ilntish Localities. 
Bridlington. 

Ditto. 

Ditto, 

Ditto. 

Lewes, Norwich. 
Bridlington. 

Ditto. 

Ditto. 

Ditto, Dover. 

Bridlington. 

Ditto. 

Ditto, Sussex 

Ilunslnnlon, Southbouru. 
Heytesbury, Lewes. 

Ditto, ditto. 

Isle oF Wight, Southbourn. 


Rock. 


Lewes, Wilts, Bridlington. 
Lewes. 

Ditto, Warminster. 
Offham, Sussex. 


marl , 
chalk , 


Foreign Locnlltist. 


Noirmouticr. 


Westphalia. 

Ditto. 
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Ch. II. Fibiosro (Cluiaiutus) siibrutundus, 1 clmlk | 

Mant / 

tlexuosiis, Mant ditto Ditto. 

Kornigi, Mant ditto Warminster. Lewes. 

llalirrhoa rostata, laun. ... green sainl . 'Wuriiniister Normandy. 

Parnmoudra chalk Hellast, Norfolk. 

Alcyomum globulusum,Dcfr. ditto Sussex Ikumaa, Mcudon, \c. 

pyriforme, Mant. ... ditto Ditto. 

Serea pyriformis, Lam green sand. Warminster. 


Ot* the following fibrous polyptiria described by (ioldfuss from Maastricht and Westphalia, it is \ny probable, 
that when better known, several will be found identical with the spongin' and alcyoniai of English aulhuis. 
It is to be regretted that the labours of Naturalists in this difficult branch of fossil Zoology ha\e hi en almost 
fruitless for want of cooperation. The abundance of spongnid fossils is a very remarkable character of the 
English and Westphalian chalk. 


Achillcuin glonieratum . .. . Miicutriclit. 

fungi forme Ditto. 

morcliella Kssen. 

Munon capitation Maestricht. 

tuhulilVruTii Ditto. 

pulvuiariuin Ditto, Kssen. 

pezi/ai Ditto, ditto. 

stellatum Kssen. 

pyriforme ....... Coesfehl 

Scyphia fungiformis Ditto. 

Mantellii Ditto. 

Deche nii Ditto. 

Oej nhausii Dai up. 


Scypliia Murchisonn Dump. 

vcitiullntii Maestiicht, Neliou, 

liiaiiiiiiillnris Kssen. 

tctingona Ditto. 

fuiiMt.i Ditto. 


foraiuiuosa .... 

. Ditto. 

infiiiidiliiiliii’i u.i* 

Ditto. 

Sackn 

. Ditto. 

lefoniie 

.Ditto. 

rugusiiin 

. Ditto. 

p a >i]|i)ime 

.Ditto. 

steilutum 

. Ditto. 

luppocast mum . 

.Ditto. 


Family. 
t/Urnosa. . 


Corticifera 
Cell uli fern 


Brin-h Lnrnlilies. 


Ruck. 


. Chcncndupora fungiformis, I 


'TZn } B rl>m Miul - Warminster. 


Ditto. 


Hippuluuiis fungi )i»les, Lam. 

.Gorgonia bacilluris, G chalk 

Phil chalk Dishop’s Wilton, Hants. 

• Milleporn Fittoui, Mant. ... ditto Sussex. 


Gilbeiti, Mant Ditto. 

nntuiuu ? Defr 

Bt 


compress* . . . 
mudreporacca 
Nullipora ruccmosa . 
Eschara cyclostoma . 
pynformis. .. 
fitigmatophorn 
scxaugularis . 
cancel lata . . . 
aruchnoidea • 
dichotoma . . 

striata 

filugr.ina .... 
distich* ..... 
Cellepora ornata . . . 
hip 


velamen 

dent at a 

crustulenta 

bipunctata 

cschuroideH 

■ Phil ditto Kuaptoii, Voikshiio. 




lleteporu clathrata 

lichenoides 

truncata 

disticha 

fencstruta 

cancel lata 

Coscinopora infundibuli 
form is. 

macropora 

Cocloptychium agaricoidcs 

Flustra reticularis, Lam. ... ditto ..... Sussex, Norwich. 

ret iculatu, l)esin • 

f label li for inis, Lam 

tcssellata, Woodw.... ditto Norwich. 

Ceriopora cryptopora 

imeropora .... 

anoinalopora 

polyinorphu murl 

... 


nuu Is. 

ditto . 
ditto . 


chalk 


•dichotoma . 
milleporacea 


Foiei^u Localities. 


Maestiicht. 


Normandy. 

Meiulon. 

Maestricht. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Meudou. 

Maestricht. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Kssen. 

Maestricht. 

Ditto. 

Ditto. 

Ditto. 

Nants. 

Maestricht. 

Cocsfcld. 

Miinster. 

Coesfeld. 

Normandy. 

Ditto. 

Maestricht. 

Dituij Kssen, Nantu. 
M.ie>ti ieht. 

Kssen. 

Maestricht. 

Ditto. 


Geology* 

i’h. n. 
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Ch.ll. 


Family. 
Cell ul 1 1 era 


N.inif. 

.Ceriopura gr icdis 

m.idreporucca 

tuhipmacea 

spongitos 

*clavata 

ciibrosu 

verticillutu 

spiralis 

pustulosa 

compressa 

trigoua 

Ktv'llata 

*diadcma 

initra 

venosa 

Liinulitex cretaeea, Defr. . . . 
Orbuohtcs lcuticulata 


Hook. llriiish Localities. Rock. Foicign Lucidities. 

Kssen. 

chalk Maastricht. 

ditto Ditto. 

marl Essen. 


Ditto. 

Ditto. 

chalk Maastricht. 


Ditto. 

Ditto. 

Ditto. 

marl Essen. 

chalk Maastricht, Essen. 

Ditto. 

marl Essen. 

Ditto. 


Maastricht, Tours, Normandy. 

chalk .... Sussex green sand. Eerie du Rhone. 


Geology. 

Ch. 11. 


Celluliforous polypariu appear at present scarce in the English chalk and green sand, yet probably, on further 
research, the contrast which in this respect subsists between our series and that of Macstricht and Westphalia may 
be diminished. 


I'limil}. 


Nturw*. 


Ruck. Rillibh Lor.ililics. Hock. 


Lamelhfeia . .I.ilhodondron gracilc 

( ( ’ur\ oph) Ilia) gihbosuin 

Curyophyllia centralis, Mant. chalk 

conulus, Plul gault 

Fungia radiata 

can cell at a 

corouuU 


gieen baud . 

C Sussex, Yorkshire, Nor- 
l nuindy. 

Yorkshire, Cambridgeshire. 

elialk 

marl 


{ chalk .... Sussex, 
greensand Wilts, 
gault .... Cambridge, Yorkshire. 

Diploctenimn cor datum chalk 

pi lima 


Meandrma reticulata ditto 

Astr.ra fh\vuos.i 

geometrica. 

cl.ithrata 

cscharoides 

text ills 

tclumcnlosa 



elegans 

iiiigulos i 

gemiii.via 

araehnoidcs f 

rotula 

macrophthalnia 

muricata 

stylophora 

Pagrus Proteus, Defr 


Foreign Lor.-ililies. 
Quedlinhurg. 

Near Bochum, Westphalia. 


Aix la Chapelle. 

Maastricht. 

Essen. 


Maestiicht. 

Ditto. 

Macstricht. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Ditto. 

Memlon. 

Ditto. 

Ditto, Tours, Normandy. 


It is probable that the whole suite of polyparia of the cretaceous system is peculiar to it. This remark is 
meant to apply to the Macstricht fossils as well as to the more generally recognised types of chalk and green sand. 


Radiaria. 

F.iimly. Name. Ru(k. Foreign L.uihlini. Rock. 

Crinoidea. . . . Apiocrinus dlipticus chalk { ^shire " } chalk .. 

Pentacrinus caput MediiRiT . gault Yorkshire ditto •• 

Marsiipdes Millvri, Mant. .. chalk Ditto, Wiltshire, Sussex. 

Glenotremites paradoxus, G marl . . • 

Stellerida .... Arenas ipiinipicloba chalk . . 

ditto Norwich, Wiltshire 

regulars, Wood Swntlhiun, Lewes. 

.<nU» ditto ( Norfolk, WilUhiu-, York 

t shire. 

lentiginosus, Wood Dover. 


Echiuida • . . .Cidaris regain* ditto 

Ncutigera 


granulosa • • • < 

variolar is marl 




. TJ . .... (Wiltshire, Sussex, York- 

papillata, Park ditto ..... j 8 hire. 

marumillata. Park . . Wiltshire. 

crctosa, Mant. Lewes, Northfleet. 


llritish 'Localities. 
Touminc, Normandy. 
Maastricht. 

Speldorf, near Mulhauscn. 
Macstricht, near Munster. 
Paris, Rouen, 4c. 


Macstricht. 

Kehlheim, Bavaria. 
France. 

Aix, Maestricht, Essen. 
Essen, Cocsfeld. 

Essen. 
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Geolopy. Family. Name-. Hock. llritish LoouliilcH. lluel.. 

Gh. II. Echiuida. • . Cidaris varinlarU (C. Tram.) Lewes, Lyme chalk 

. n , vulgaris, Lam 

v — asten/aiiH green sand . Warminster. 

corollaris, Man! chalk Sussex, Wiltshire, &c. 

cluvigera, Ktrnigi Sussex. 

vesiculosa marl 

Echinus saxatihs, Park ditto ..... Sussex, Norwich. 

Kamigi, Mant Sussex, Yorkshire 

Henettife, Krrnigi . . . green baud. Wiltshiie. 

oreolatus, Wahl Ditto, Lyme Hc^is chalk Hodshcrg in Scania. 

alutaceus marl Essen. 

granulosus sandstone.... Kuhlheim. 

radiatus marl Essen. 

Clypcus, small species ditto Warminster. 

* Glypeaster Leskii chalk Maestricht. 

fornicatus • . • Munst 


Havre. 

Poland. 


Essen. 

Moe:i. 


Galerites albogalerus, Leske chalk Fanves, Wiltshire, Yorkshire ditto . 

subrotundus, Leske Lewes, Nuiwich, York shire. 

vulgaris, Lam Lewes, Lyme 

conoideus. ditto. 


nubuculus, Lam. • 


Wiltshire 


f green sand I 
I and mail/ 


Ant, Poland, Dieppe, Ac. 

A i \ , Dreux. 

IV i igoid. 

Havre, (WsIVId, and Ksseti. 
l'U, Sivisserland, Havana. 


depressus, Lam. .... • • 

caiialiculatus Hmen anil Hiiiuken, l'uderboru. 

sulc.ito radiatus chalk Muesli icht 

Ilawkinsii, Mant.. . . ditto Sussex. 

uhbreviatus Aix la C'hapelle, Quedlinburg. 

Echinoneus subglobosus ditto M.iestiuht. 

placcutu Ditto. 

lamp.is, De la Heclie green sand. Lyme Regis. 

peltiihnnis, Wahl Sc.mi.i. 

Nudeolites depressus ditto Ai\ la ('hapelle ? 

ovatus, Laip Maestricht. 

scrohicuUitus, Lam. . Ditto. 

pyrifnrmis Ditto. 

laciinuHiis marl Essen. 

cordatus Ditto. 

carinatus chalk Aix, Ilildesheim, Essen. 

lapis cancri Aix, Maestricht. 

* test ud mar ius Katisbon. 

rotula, Ht Rouen, gieen sand, Mtu. de Fiz. 

castmea, Ht. green sand. . . Mtu. de Fi/.. 

putelluris , , chalk Maestricht. 

A . . , w ... f Sussex, Wiltshire, Nor- 1 V4( ( Meiidoii, Sweden, Lublin chalk, 

Ananchytcs mat™, Law. . . chalk J widli y^Uhire, &c. ) 4,1,0 \ mail. Kswn. 

homisph.TrioJS, Mant Sussex. Yoikshire. 

intuinescens, Phil Yoikshire. 

piistuloHiis, Lam Norfolk ditto Paris, Ilmen, Morn. 

conoideus Aul.el in Limburg. 

btriatus Aix, Maestncht. 

corculuin mail Cuesleld. 

other species, Smith . ditto England. 

Spatangus ornatus, Cuv. .. . gn’eu sand. Lyme Aix, Iliant/, near Hajoiino. 

suborbicularis, Defr.. .. Ditto Mcicstiieht, Dives. 

argillaceus, Phil, ... gault Wiltshire, Yorkshire. 

MurchisomanusjMant green sand. Nurded, Southbmirn. 

cordilbrmis, Mant... chalk Mnhlleham, Norwich. 

rostratus Hrightou, Norfolk 

prunella, Lam Hrighton 

cor anguinum, Lam Norwich, I.ewcs, Lyme, Ac. .. 

planus, Mant Yoikshire, Sussex 

hemisplwencus, Phil Yorkshno. 

lwvis, Defr ditto L)me green saml .. . Peite du Rhone. 

hufo, Ht chalk Puns, Noimandy, Maestricht. 

, Phil green sand. Chute Furm, Wiltshire. 

granulosus ditto Maestricht. 

biihglotiosus, Leske Quedlinburg. Hiiren. 

nodulosus Essen. 

radiatus, Lain Maestricht. 

birordutus Mecklenburg. 

truncatus Maestricht. 

Buckluudi marl Essen. 

arcuariiH, Lain, u re 1 c } ia ) k MaetliicM. 

cent species j 

amygdala, Lin Ditto. 

iribbus, Lain Paderhorn. 

cor tebtudinarium Maestricht, Quedlinburg, Cocsfcld. 

bucardium Aix. 

IttcunoRUH, Lin Aix, Quedlinburg. 

retusim, Purk ditto Wilts. 

punctatua, Park Ditto. 


Joigny. 

M.iestiuht. 


(Pans, Noitnandy, Riirgundy, Fiz, 

t Gmsfeld, Saxony, Hohenuu. 

Scania, l'oland. 
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< Colony . The distinctness of the form mul characters of the 
H. iuemsted radiaria, permits in general a satisfactory 
decision conmning their specific identification. On 
this am mi Ml, no less than from the general d illusion of 
these fossils, the cchiuidu, stellerida, and criuoidea 
ought to a (lord the most certain evidence concerning 
the laws of geographical distribution of animals during 
the cretaceous epoch. It cannot escape notice that a 
great number of species of cchiuidu belong to extinct 
genera. It is remarkable that tin* genus sputangus, of 
which one or two species occur in oolite and se\eral 


exist in the present, seas, seems to have arrived at its 
maximum of abundance in the cretaceous epoch ; and 
that the extinct genus, anunchytcs. which is especially 
abundant and widely diffused in chalk, has not been 
found in the subjacent oolites, nor in the true tertiaries 
above the Maastricht beds. It is possible that amongst 
the cell inula a very lew species are identical with some 
found in the oolitic strata, (as galeritcs depressus, ci- 
daris variolaris, &c.) but in general the species appear 
to be decidedly peculiar. 


Geology. 


Conch m:n,\. 


Family. Namo. Hot k. Jlriti'.h Lor.ililio*. 

Plagymyonn .Fistul.mii pynformis, Mant.. gault Willuigdon, Sussex. 

person at a, M.mt. ... chalk .... Sussex. 

Pholas constrida, Phil gault. .... Yorkshire. 

Toledo i J IIjcii 


Rook. 


chalk ■ 


Foreign Localities. 


Plioladoiuvuderussuta.Pliil I ,, , in » 

Ciirilium il.v.iss.iliml, Si'W.J ,l,,lu S » M!eto “ > chalk Suwu*. 

PaiiopuM plie.ita green guild. Handgate green sand. 

Myn inanilibula l!,le of W, * ht > 

J t Druses. 

depiessu gault Yorkshire. 

phasiulimi, Phil Ditto. 

plana ditto 

•? Lonsdale., chalk .... Near Caine. 

but i iii i a striata green sand. Lime. 

„ 1 1. IVii 


Maestricht. 

OsterfeliL 

Ditto. 


caiimfera chalk Ditto. 

gurgitis, Ht ditto 

Amphidesinu Phil. M.S. grnv s.ind. Il> t lie. 

Corbula sfriatula dine .... Par ham, Pui borough. 

giguntea . lilackdown, 

laevigata Ditto. 


Perte du Rhone, Sweden. 


fkv 


gault. 


Ditto. 

Ditto. 


pmietuiu, Phil, 
caudatii. Nils. 

unatina, Drill 

(haxsatoll.i latiskninu, Ilani 

Telhnu aspuhs, M.mt green sand. P.nham. 

imptpulis Ditto, lilackdown. 

stnatnhi lilackdown, 

Phil gault Yuikshire. 

Luciua sculptu, Phil Ditto. 

iuevis, Plul Ditto. 

( l.iMsin.i | s t r{ ,u.i lilackdown, Del i/e 


ditto.. . 
chalk . 


Koping. 
Hchonen, Ham. 
Maestricht. 


green sand. Hlaekdnw n, Sussex, Devizes. 
Sussex, Isle (if Might, &e. 


ditto . 


Astai to. 

Thetis major . 

mmol . 

Venus angulat a 
c.ipei ata 
ovalis . 

faha Parham, 

i Lyme 


pari a . . . 

lineol.ita 
plana 


Jil .tckdown, Parham. 
Lyme, lilackdown. 
Parham. 

Isle of Wight. 
Isle of Wight, 

• Sussex. 

iilackdow n 

Ditto. 

Riiigiiu 1 ', Midtlichain. 


green sand. Bochum. 


cliulk. 


Rnnjnieriensih, M.mt chalk. 

( aidiinn Ilillaiutm green sund. lilackdown. 

prohosi uleiiin Near CollumptoD, Devon. 

tinihonatmii lilackdown. 

grainilusuin, Woodw. chalk. .... Norwich. 

lmllatuiM, Lam 

Curdita Ksinaikn, NiU 

tuheu-ulata greensand. De\ i/es, Lyme. 

modiolus, N ils ..... 

ciassa ditto. 

Jsocaidia augulatu. Phil. . . g.mlt. .... Yorkshire. 

* lilackdown, Pulhorough, 
l Lyme. 

st - 



eceeiif rica Pulhorough, Lyme, lilackdown. 

speetalnlis lilackdown. 


Aix la Chapclle. 
Scania. 

, Ditto. 

, Doug. 


Tngoiiia spinosa . 


green sand. 


Altcnberg. 
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Family. Name*. EriiUli s. l?o. K 

Plagymyoua .Trigunia rugosi green Mini. 

sc.ihra bjim 1 .. 

attinis Pailimn, Il.ililon. 

peunata Teigmmnith. 

nodosa Ilylho. 

pumila. Nils 

arcuala, Lum 

Cucull.ea dreussata green sand. Parham. FeverHham chalk 

glabra ditto Ljiihn Hlackdown. 

c.irinata ditto Ditto, ditto. 

fibrosa ditto Ditto, ditto. 

costellata ditto Lyme, Collmnpton. 

auncuhiVra, Ham ditto 

crassatina . • . ditto. ..... 

J Sussex, (Mant.) Vorksh. 

\ Phil.) 


Furci-ii I ur .lit a**. 
IVrti* du Kluuie. 

Itoiion, Porto ilu Rhone. 


Gcoloi 
Ch i 


K -'plug. H.ilshcig. 
Ai\ la l lupelle. 
Kouvu. 


Beauvais. 

Ditto. 


chalk. 


Area caritmtii greensand. Devi/.e-. Lyme, Nursted. 

mibaeuta 1 1 aiusey 

cxaltata, N ils 

r horn be a. Nils . 

ovulis, Nils 

rial brat a, ll:en 

Pectnncnlus suhlivvis ditto Markdown. 

uiuhuimtu? ditto llaldon. 

lens, Nils. 

Nucula lin pi ess a ilifto Parham, Ifluckdown. 

autnjuata ditto Parh.im 

angulata ditto Hlackdown. 

ovatH, Mant gault Kingmer, Folkstone, Y orks. 

subrenirva, Phil Yorkshne. 

pectinata, Mailt Sussex 

iimlnlata Folkstone. 

productu, Nils 

truncaia, Nils 

panda, Nils 

Modiola parallel a green sand. Maidstone. 

* hi partita ditto .... Parham Park. 

ivqualis Ditto. 

♦pallida Foothill, Wilts. 

Mytilus lanceolatiiH ditto Hlackdown, Parham. 

edenttilus ditto Hlackdown. 

lands, Defr 

problematics, H.en * 

Pachyma gigas chalk ISyme. 

Mytiloides lalnatua, Schl,. . . ditto Wilts 

Mesomyona . .Puma tetiagona green sand. Devi/es. 

gracilis, Phil g.inlt Yorkshire. 

sulcata, Woodw chalk Norwich. 

atliow, I In'll 

flabelbnn, Ham 

nohdis, II ii'ii 

rest it ut a, Ham 

ipiadrivalvis, Ham 

Gervillia ^avienloides greensand. Parham, lYtcisiield. 

♦acuta ditto Parham. 

. .. .... J Ditto, Islo of Wight, 

solcnoides ......... ditto j ^ ^ * 

Clavicula cceruluscons, Nils • • 

, Munt. chalk Sussex. 

Ocuatula proilucta Sheffiird, Bedfordshire. 

♦ventricosa 

Inucernmiis, in-1 

eluding Ca- Jgryphaeoides hyme, ltingmei. 

tillus, Cuv. . J 

fFulkul one. Kingmer, Cum- 
1 bridge 


, Mnestricht. 

Curlsluinieii, Sweden, Vix laChapelle. 
llalsberg, Sweden. 

K-iping, Sc.iui.i, 

Angers, S.iuinor. 


liahlierg, Koping, Sweden. 


Houlnminis. 

Kunberga. Scania. 
Ditto, ditto. 

Ditto, ditto. 


ditto Bougival, Pmw. 

green sand. Bochum. 

• ••••••••• Aix la Chapelle, ()iiedlmlmig. 


chalk . 


Near Saumur. 
Bochum. 

Ditto. 

Y.ilkeiilnirg. 

Cut cut in, Saumur. 


M aestricht, N orm arid V. 
Sweden. 


siilcatus ....... 

tenuis Iliimsey. 

Cripsii Ditto. 

conceiitricut Folkstone, Lyme, &c. 

pfctus Guildford. 

Cuvicri 


cordiiormia ditto 


Htriatiis, Mant. . . . 
Lam arckii, Mant. 


Wehsterii, Mant. 
latuM, Mont. • . • 

'olutus . • ditto 


ditto . . 

. . Koyston, Lewe«,York shire. 

ditto . . 

, . . Lewes, Yorkshire 

ditto . . 

. . IIuiim.iTiliy. 

ditto .. 

. . Gravesend . 

ditto . . 

.. Norwich, Wilts, Sussex. 

ditto .. 

. . Wilts, Lewes. 

ditto . . 

. . Sussex. Dover. 

ditto .. 

. . Lewes, Ilcytcsbury. 

ditto . . 

. . Sussex. 

ditto . . 

. , Ditto. 

ditto • . 

.. Ditto, Norfolk. 


Bochum. (II am.) 


Perto du Rhone, Fi/, Scania. 


Pcrte du Rhone, Kssen. 

Rouen, Tours, Sruiii.it 
• yuedlmburg, Poland, Scania 
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1‘ mills . 


,N ■iin*, Rtn'K. Ji.'l.ilt I.«ir ■li* I --:- IWk r.»r»*i^n I.o«\ilui*»». 

. Iiiou.i-miMs *1 g:f.i!m chalk Essex. 

i ii • • • Quedhnhurg. 

Kxi»;')r.i h.ilmtnlea green saml. Wilts Scania, Ksxeu. 


comet ditto Ditto, SuswJi, Bhickdown. 

ronu'Viit.i ditto Ilaldon. 

plicata ditto ..... Ditto. 

cunuhculutn. ....... ditto WiltH. 

undatu ditto Blackdown. 

r.ornuurictiH, Nils 

lucmialn, Nils ; 

Hinu.ita Isle ofWight,\orksh Kent 

Gryphira vesiculosa ditto Wilts, Sussex green 

culumli.1, Dam Lyine, I.nngleat 

gloliosa chalk Norwich, Lewes, \r. 


Scania. 


. . . Ditto. 

... Ditto 

. . . (hiii.de Chartreuse, 
nd. Douches du Khom*. 

. . . Havre, Poland, Saxony. 


n-jiuU, lit du Illume. 

. , (IVnjMuuv. Poland, Grande Char- 

uunruU.i-., lit clulk { V »..cl...e‘ 

fihe.dn, l.,iui gieui sand . BocxmgfrM ; cludk, Siiiimur. 

tiuncatii, Gold!’. M.iesiucht. 


Sph;i i.i corriigata 
Osti.r.i vesii ill. »iis. I.am. . 
scmiplaua, Mant . . . 

raii.ilinil.if.i 

rarmala 

inaciopfcra 

.ilifoimis, Woodu. . 
trir.u iiiat.i, Woodw 


, girt u .sand. Isle of Wight. 

, cli.dk . ... Sussex, NoitVicli, &.c. 

(lift Sussex. 

ditto Ditto, Norfolk. 

gicoii sand. Wilts, Lyme, &c 

Polks tone. 

chalk ..... N orwieh. 
ditto Ditto. 


chalk 


Mention, Maestrirht, Scania. 


giecn sand. Normandy, Boulogne, Bochum. 


Sweden, Maastricht, Dreux. 


ihgitata, Woodw. .. . ditto Ditto. 

Ncrr.it.i, I Mr. chalk , 

l.itei alts, Nils. .......... Scania, Essen. 

rlnviita, Nils Sweden. 

luppopodium, Nils Ditto. 

•acuminata Scania. 

cnrvirostris, Nils Ditto. 

flahi liiformis, Nils Sweden, Essen. 

pusilla, Nils » Scania. 

h mat a, Nils Ditto. 

parasitica, Hum green Mind. Bochum. 

truncal a, Il:en ditto Giirsenhcck. 

, I Sussex ; given sand, 1 t «i. ( Meudon, Saumur ; green sand, Pcrte 

1 1 ' \ Dlackdown .L) me, Wilts. j ' | du Rhone, Sweden. 

sand, 


V’cteu ipiimpicenstatiiN . . 


(piadiicoslatu.H . . . . 

Beaveii 

triplic.ttus, Mant. , 

oil.tcul.n is 

ohlnpms 

ns|*cr 

mt i«l ns. Sow.. . . . . 

intevtus, Bt 

ladiatus, Woodw. 


green sand. 

chalk 
. ditto 
, ditto, \c. 


Kusxm, ltlucl.ilown, Wilts, ilittu ( M .u-stricht Nornmn.ly ; gm-n 

1 ( (. ramie ( halt reuse, Saxony, 

Sussex. • 

Ditto. 

, Ditto, Wills Sweden, Ai\ la Clmpelle. 

• • green s.oid. Ditto, ditto. 

dith Wilts Poland, Bochum, Ilattercn. 

■| chalk Noiwich, Brighton Havre, Ai\ la ChapelJu. 

.« ditto Norwich. 

sevo-datus, Woodw. • ditto Ditto. 

coucentrieoH ditto Ditto. 

Mej.temjilic.it us. Nils Scania. 

rrelosus, I)efr Paris. 

araclmoiilcs. Dcfr Ditto, Normandy. 

nicmhronaeeus. Nils’ Scania. 

ilentafiis. Nils Ditto. 

i'\te\fiis, Bt Dane, Normandy, Angers. 

scrratiisi, Nils Sweden. 

multicost.itiis. Nils Ditto. " 

iindul.it im, Nils Scania. 

snlmratus. Nils Sweden. 

Iiiileh.ellus, Nils Ditto. 

Imeatus, Nils Ditto. 

\ lrgatus, Nils Ditto. 

l-cvis, Nils Ditto, Aix la Chapelle. 

imei .us, Nils Sweden. 

nsperi mins, ILrn . . , . gteen band . Hardt. 

gi .wills, ll:en. Aix la Chapelle. 

gryph.v.itiH. Ilm Ditto. 

legiibuis, Schl ch.dk Mae.dricht. 

s-lcatns, H.vn Ditto; green sand, IJardt. 

versicostntus, Urn guvn sand. Aix la Chapelle, Minden. 

Plag\ostoma sjunosum .... chalk Sussex, Wilts* ditto .... Prance, Poland, Saxony, Sweden. 

Hoperi, Mant ditto ..... Ditto, 

liiight one use, Mant. . ditto Ditto. 

elongation ......... ditto Ditto. 

iisporum, Mant Ditto. 

P pectinoiilemn ditto Porte du Rhone. 

oviitum, Nils Sweden. 
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Mcsomx ona . .Plagioxtouii semisulca- 1 
turn, Nik, j 


III Hlillhli 


Dover 


chalk , 


Mnntelli, lit chalk . 

{rram il.it uni , Nils 

elcganx, Nils 

pusillum, Nils 

turgidiifi, Lam 

Podopsis or Dinnchora lata . chalk Sussex. 

obliqua, Mailt. ..... . ditto Ditto. 

striata ditto Yorkshire 

Iruncntn, Lain L)ine ditto 

laiuellata, Nils. 

Piicatuln inHata ditto* Sussex ; green sand.Wilts. 

poctenoides ditto Sussex ; gault, ( \n»i>i ulgi*. 

Siioiidjliis 9 stugdis, lit gree n sand . 

lludkta Spkciulites dikt.ita, Des ( * li.ilLr 

Mmilins J 


lu Ftxi'igu Dm ulltiefl. 
Sweden, Saumiir. 

Denm.uk. 

Swi «li u. 

Ditto. 

Ditto. 

Saiutcs; greensand, Osterfcld. 


CieoToey* 

i h II. 


Doiunouii, Des M. . . 

iti*TiMiH, Des M. .... 
Ilanunghausu, DesM. 

foliaeea, L.un 

.Iod.mil t, Des M. . . . 
jMi.uiuetii, DesM... 
erateriti rmis, Des M. 
Moulinii, ( fold f. .... 
ll'ppirites iadius.1, Des M. . 
cot mi jv.istori'-, DesM. 

striata, Defr 

suteata, Defr. 


. ditto 

. ditto 
. ditto 
. ditto 
. ditto 
. ditto 
. ditto 
. ditto 
. ditto 

. ditto 

, ditto 
. ditto 


diktat;!, Defr ditto 


hiorulat. i, Lam. 


ditto 


fistula, Defr 




Toudiratula siihrotuuda . . 

. chalk .... 

, Sussex, Noiwieh, tvc. ... given 



, Noiwudi, Sussex . ditto 

uv.ita 

. ditto .... 

Sussex; gi ecu sand, Snxsux ditto 

1111 ( 1 . it. L 

. ditto .... 

Sussex. 

elougata 

. ditto .... 

Ditto. 

hinlicaU 

. greensand 

, Ditto, \fdk, l’aml»ndgt». 

lata 

. ditto 

, Sussex, Devi/es. 

bulauulata 

. chalk .... 

, Yoik slum chalk 

pi icnt ills 

. ditto .... 

, Norwich, Sussex, Gravesend ditto 

Kiihplicata, Mant. . 

. ditto .... 

. Sussex, Yorkshire, Wilts . ditto 

M.iuteUiana 

. ditto .... 

. Sussex. 

rust rata 

. ditto .... 

. Ditto, 

IM.li tiiu, Miuit. . . . 

. ditto . . . . , 

. Ditto. 


Havre, Kssen, lWluitn. 

Norm. iml) , i'ourauie, Sweden. 
Sweden. 


l’erle du Phone. 

j Uoj an, Talmont, mouth »,f die (ii- 
( londe. 

r yan, Tulmonf, \ <ill» e de la 
Dordogne. 

Koyan, Talmont. 

Ditto, ditto, Languais. Doidogne. 

Isle d'Atx. 

Miramheau, t’ii.itcutc Infi lieu re. 

\ a lice de la i on/**, Pciigoid. 

K(<) an, Lauiruais. 

AI. iesf rich t. 

< emhieux, Peri gold. 

P) les, P* rigueux. 

Ali t, And". 

1 >H 1 o, ditto. 

Ditto, ditto. 

Ditto, ditto. 

Ditto, ditto. 

In Sussex chalk. (Mantcll.; 

Huelmin. 

lioclmm ; chalk, Meudmi. 
liochum, Scania. 


ll.vieo. 

t Meudoll, Moell ; gWk'n Rat! I, (ii.mdu 
| LhattriMiM 1 . 

. Tours, licauvais, M.iestniht. 


sijiiaiiiosa, Mant..,.. ditto ..... D.tto. 

pcutagoualis, Phil. . ditto Yorkshire. 

lmeol.it. i, Phil gault Speeton, Yorkshire. 

Defr ancii, lit chulk&gnult Sussex, Yorkshire 

alata, Lam ditto 

oct optical a ditto 

gallon, lit chalk Norwich green sand . 

in nit hocephak •* 

\n ctmatn grei u saml . Wilts 

lyi.i dit*o Ditto. 

semiglohos.i eh ilk Yoikshm* 


ditto 


and . 


ohtusa greensand. t ’.u.dnidg" ditto 

ohes.i ch.dk . ... W at .niii .:ei rh.dk 

diuudllta fjiuen sand . li.'Mou \! ills gua n 

ouiidi a o.uo .... 

ciirvirostns, Nds 

rc-curva. Defr 

hevi_r.il a. Nils 

rhomhindahs, Nds 

ti i.imriilaris, Wahl 

hingirostiis, \\ ahl 

apeiturata, Schl. . chalk . . . 

chrysalis, Schl ditto . . . 

c rvat i, Schl green sand 

dissimilis, Schl chalk . . . . 

lacuiiosa, Schl. . . 

niicrosciijnen, Fond 

nucleus, Defr . 

peltata, lla*n 

senustnata, Lam 

various, limn , 

vcriniuilaris, Schl 


green sand 
chalk .... 
green sand 
chalk .... 
green sand 
chalk .... 
ditto .... 


Mention, Sweden, Muosti i< lit. 

Meudon, Sivcdi'ii. 

r ejipe, Sweden ; given sand, Qued- 
luihttrg. 

Pe i f I* du Phono, Normandy. 

1 Vito du It hone, Fi/. 

Norm. oid), Ilavie, Scania. 


Swidi n. Moen, Ihalui'ii. 
t^iiedl lutairg. 

Ifiiinle K uudeit. 

II .iv to. 

Hochiim. 

Scania. 

Mat stvndit, Norm. anil). 

Scania. 

Sw eden. 

Scania. 

Sv eden. 

Lsstoi. 

Mai sti l"M. 

Qui dll. dang 

Spildoif; ^lei.'isiiid, Il'vlmm, 
, hluedliidiuig. 

Mai *.fi iclit. 

J{(»chii a, t^ucdiinhiirg. 

IVLie iti i( lit. 

iiocliiim. 

K'lM'll. 

M.iesti icht. 

4 K 
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Hr.udii"pMl.i .Terehratula vitrea, Lam. . 


gTCCll Miiul . 
ditto 


inn dm mis ditto .... 

ohloiig.i ditto .... 

truiu-.it.L ditto . . . 

(rihhsiana ditto .... 

plslllll 11)<LI I .... 

htu.it'd.i gauit . .. 

Ciervillu, Woo'lw. .. fli.dk ... 

ngidu ditto .... 

tibiujua — . 

( Mugas) j'limil.i ditto .... 

IIIUgTM, W nodw ditto . . . . , 

| .111^1*1 at a, VV'fodw. .. ditto .... 
Cr.iiim Puiisn-inus, Dtfr. . . . fludk .... 

.♦riat.i, Dili 

untnpiu. Befi 

shll.ita, Dv-fr 

spinulosu, Nils 

tuUneiihda, Nils 

nooiomlo*.. L.mi 

nodulosii, II. mi 

Orlurula green sand 

Thecidia hieroglyphic.*!, Defr 

i admits, Defr 

rtMMirvii'Ohtiii, Defr. .. • 


In ItritMi Lnraiitii s. 

Fan igdo>>. 

Ditto. 

Sundgatc. 

Fun nation. 

Fulkstone, If} the. 
Sussex. 

D.ttu, Vi.i kvliire. 
Norwich. 

Nm folk. 

Ddlo, K.mr.gate. 
Norwich, Hants . . . . . 
N«m (oik 
Ditto. 

Nniwich, Hi 'gldmi . . . 
ttwiiifl'Ull) 


In Porripn Localities. 


Geology. 
Ch- “II. 


Mciulon, Maastricht. 


Siism-s ; gauit, Voiksluu 


Of 1 00 concl lifer : \ belonging to the chalk system, 3 :l feature con 


Mcminn. 

Normandy, Sweden. 

Nm mainly, Srlilcnaekea. 
N t i mainly. 

Sweden, Maastricht. 

Sen nm 

Schlenarkcu. m Scania. 
M.iestiifiit, Sweden. 

Hsieii. 

Maastricht, Normandy. 
Ditto, ditto. 


moil to this and the oolitic system 


:» 1 1 - |*!:t;.',yni> minus, 10 mosomyomms, 5 imperfectly be remarked, however, that it is particularly d.lp. clt 
known aic classed as vudista, and 23 brachioj. minus. to settle accurately the number of species of the oculi.l 
T hey me mostly unknown in the strata above or below, ostrea, exogyra, and inocerainus. 

The groat predominance of niesomyonous bivalves is a 


Mollusca. 

Kjimily. Name Muck. In liritibh Localities. 

Gasteropoda .Pentnhum deruMatum .... gauit ..... Sussex. 

medium green h.md . Rluckduwn. 

miens, llien * . . . 

se|»tun •uhiie ditto Belfast. 

striatum, Muut Sussex. 

eDipticum, Muut Ditto. 

lissom, lliv'i • 

. NUs Ditti 

Patella Inn is ditto Markdown. 

n\ :ih*», Nil*. ditto 

.Mant Lons So ,se\, Wills. 

I'deopds Mant Sussex. 

Helix '* lientn ditto Devixe*. 

.... . , i, j Sussex ; green s.md, 

Aimerlu incvass.itii chalk < 

I HI. u known 

olisnletii, Phil guilt Spoeton, Yoikshire. 

turgidn 

Melania ^ Phil. ... ditto Spicton. 

Anipwlluria cimaliciihito, I ( y^j. 0 Sie e\ 

Munt I * ° 

spiratii, Him 

, lit 

PhmorhiH riidi.it us green mind . Hidden. 

Pah id \n i evtensa Mackdmvn, 

N i ut:» rii;;i'si. Han 

NatiiM e.inii-na P.uh ditto Parham, Hhickdowii. 

Uet/.n, Nils 

, Lomh. Mnnt.. ditto Wilts, Sussex, 

Sl*ri!i‘tl|S (OlUMMIS, 1 1 il'll 

Del | hinul.i Phil. .. gauit Spoeton. 

Ti.rtio f.imi.itus, 1 lu*n 

tuomlili-tus greensand. Hluckdnwn. 

womens Ditto. 

rotmidutiiH Ditto. 

pulcherr nines He.m. . gnult Spoeton. 

MilcMtus. Nils 

Tiuritelhi giumdata green sand. Markdown, 

euHt.it a Ditto. 

diiplic.itn. Hicn. 

terehru, ll.en 

Plcurotunutri.i , Hren 

Trofims U.wU.oti, Ht chulk .... Lewes 


Iu Foreign Luca I tic 


Maestricht 


green sand . 


Hulstierg. 


Kuir n, l\ iti du Rhone, Fu. 


chalk 

gioeu sand. 


Holden. 

Hlackdown. 


.Maestricht. 

Mind ague do Fix. 


Parham, Hhickdowii. 


Maestricht. 


Balaborg. 


green sand. Bochum. 


ditto Coesfold. 


K oping. 


chalk 

green sand . 


Maestricht. 

\\ edderslebeu. 
Maestricht. 
Puns, Hoping. 



G E O L O G V. 


(teoiogy. 
( li. If. 


Family. Nairn*. 

(Jasteropoda .Trochus in.eipialis .... 

omistus, Nils. . 
gmgitis, lit. .. 
Uhoduni, Ht. . . 
cirnudes, lit. . . 
linearis, Mant... 
ngghitinaiis r 1 ... 


IW-k. In llnlish I.oc.ililkv 

chalk Sussex. 

green sand . Lyme. 

Suiilhl'Diirn, Lyme .. 


. SllSM'X. 

Ditto. . 


liic.irinattis ditto Ditto. 

reticulatus ? gault Spectou. 

, Phil. MS. .. green sanil.' 11) the. 

Siilariuiu tabulation, Phil. . . gault Spot-ton. 

Cirrus di-prexsus Mant. . . . chalk Sussex. 

. | I'Vlkstono, Noilington, 

l ,1,Ci, ‘ l,s { Sussex. b 

Sowerbii, Mant Hanisey. 

granulatus Lowes. 

perspectives ? Ditto, NoithHect. 

■ ■■ Phil green mud. It) the. 

Ccrithium evav.itum ;.... 

P\rula phumhita, Nils 

minima, Uii<n 

Murcx ijimdiatus ditto Itluckdnwu. 

calcar tlilto Ditto. 

Rostcllaria anscmia, Nils 

Purkinsoni, Mant. .. ditto ..... Sussex, Yorkshire. ..... 

calcuruta lit to Blaekduwn. 

tissura, L-ini 

Pteioceras maximum, limn 

Stiombus papiliun.itus, Ham 

Dolium nodosum elialk Clayton, Sussex. 

Situation, Woodw. .. ditto Noiwich. 

Klmrna , Jit ditto Sussex 

Volutu ainbigmi, Ditto. 

Lamlierti r* .... 


Hoik. 

In Foreign i 

chalk 

K oping. 

green sand. 

Perte du Rhone, 

ditto 

Ditto, ditto. 

ditto 

Ditto, ditto. 

ditto 

• Aix la Chapclle. 


Giidigy. 

Ch. 11. 


ditto .... 
chalk .... 
grcun sand 


chalk . . . . 
green sand, 


green sand , 
chalk . . . . , 


Pertc du Rhone, Aix la Chapclle. 
Kb ping. 

Aix U Chtipello. 


K oping. 

Dochun;, CocsfelJ. 

Aix la Chape He. 

Martigwes. 

Mucstricht, Aix la Chapelle 


Pci to du Rhone. 
Muistuihl. { ll.i-u.) 


The numerical predominance of the liolostomatous than in the oolitic rocks ; hut yet it forms a rnunrkahlc 
gasteropoda over those which have a notched orcannli- contrast with the enumeration of species in the (ciliary 
ierous mouth, is rather less conspicuous in the chalk deposits. Probably all the species are peculiar. 


Family. Name. hoc 

Cephalopoda .Planularia elhptica, Nils 

augustti, Nils 

Nodus, in . l sulcata, Nils 

lmvig.ittt, Nils 

Bclumuites mucronatus, Selil. chalk. 

granulatus, Defr. ... ditto , 
laneeolatus, Schl. ... ditto 

Listen gault 

attenuatus ditto , 

miumius. Miller .. . ditto , 

niainimlldtiis, Nils 

Ncania*, Nils 

Bacuhtcs nnceps, Nils 


In 111 itish TiOralilltfS. 


( Sussex, Wilts, Norfolk. 1 

1 Yoikshire j 

.... Lewes. 

.... ll.iinsey 

( Sussex ; rc<l ch.dk, Y ork- 
I slure. 

. . . . Hussev, Kolkstone. 

. . . . Polk stone. 


Itwk. Iii Foreign laifsiliiirs 

Chailotteuhiiiid, Sweden. 

Hoping, Scania. 

J chalk end 
< , /Scania, 

t I'n-cn sand 1 

chalk .... Ditto. 

.. j Meudon, Mat-shield, Poland, Swu- 

11 l> ( don, Aix la Cliapclli-, Normandy. 

(^m-dln.huig. 


oldiquatus 

Fanjusii 

vettebrahs, Lain. .. 
tiiangiil.u is, Di-stn. 

. chalk 

. ditto 

Lewes, 1 1. nosey 

Norwich 

les arm itus 

. ditto . , . . . 

So >scx. < ) Villi. 

maxiimiN 

. gaidt 

Sussex, Yorkshire. 

iiitcunedius 

. ditto 

Ditlu, ditto 

tenuis 

. ditto 

Sussex. 

rotuiidus 

. ditto 

Ditto, Yoikshire. 


. ditto . . . . T 

Sussex 

ruricoslatus, Phil. . . 

. ditto 

Speetou. 

Beami, Y. mid 11. . 

. ditto 

Ditto. 

PhiLlipsii, Deni:. . . . 

. ditto 

Ditto. 

spmulosus 

K'S ils . 

. green sand. 

Blackdown. 

. ditto 

Ilythe. 

grand is 

. ditto 

Kent. 

phcatilis, Mant. . . . 

. gault 

Specton, Sussex. 

alteruutus, Mant. . . 

• ditto 

, Ditto, ditto. 

ellipticus, Mant. . . . 

diifii 


attenuatus. Mant. . . 
fuu.it us. Bt 

. ditto 

Ditto, Speeton. 

canteiiatus, Bt. . . . 




1 i ihoi gn m S, an, a. 

Seam.i. 

chalk .... Bal • bug. 

ditto Scania. 

ditto Pans, Sweden, Mucstiicht. 

ditto Macstndd, Nui mainly. 

ditto Maestnclit. 


green sand. Aix la Chapclle. 

ditto Perto du Rhone, Aix la Chapel le. 

ditto Nice. 


virgulatus, Bt. . 
r) liiulririis, Det'r. 


chalk Normandy. 

green saiul. Perto du Rhone, Fiz. 
ditto ..... Perto du Rhone. 

ditto Mont do Pi/. 

chalk Noi'tiaei’v. 

1 s 2 * 
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f »ri.In"y. 

fi.. ii. 


Family. 


N.inip. 

H«.ek. 

In British Loi-alilics. 

Ruik. 

. TIamites Paikuisoni . . . 

, , 

. Wilts. 


gihhnsus 

. . gault . . . 

. Folkston**. 


sponger 

. . flitto . . . 

. Ditto. 


tuherculiitus. 

. . ditto . . . 

. Ditto. 


tiirgiflus 

. . flitto . . . 

. Ditto. 


liodosus 

. . flitto . . . 

. Unto. 


hacuhiides. Mnut. 

. . ditto . . . 

. Ditto. 


, Phil. MS. 

. . ditto . . . 

. Dit'o. 


Scaplutes oblifpuis 




. chalk 

cost at us, Maul. . . . 

..Chalk .. 

. Sussex. 


htii.it us, l\uk. . . . 

. . flitto . . . 

. D.tto 

. ditto 

1 Jean 



ditto 

Tumbles costatus 

. . flitto . . . 

. Sussex. Wilts 

. ditto 

uiuhilatus, Mant . 

. . flitto . . . 

. Sussex. 


Inhere ul .it us 

. . ditto . . . 

. Ditto. 


Jiergi-n, Jit 




. green sand. 

Jiahili 




. ditto 


In Foreign Localities. 


Rouen ; green sand, Moat de Fix. 


Kisso. 


oblnjuus gri ru sand. IVvuks. 

I'ttfi iff/ / . . . . Ammonite-* cinctus, Mant. . chalk .... Sus'ix. 

Dr! i ic i. Jit 

s’tr.fJt/vi .... Ammonites Slob.ei, Nila 

Selliguiiiiis, lit 


ditto Maritime Alps. 


jj/'.r; or/ fi/m/i 


Jieudunti, lit. . . 
Lamherti ? Sow. 


K-mlt 


Yoikshiie. 


Verte du Rhone, Moat de Fix. 

given hand. Kopingeiiiulla. 

ctinlk i Lublin, Poland, Essen ; green sand, 

( Fix. 

green sund. Porte du Rhone. 


Nuttieldiensis .... 
Lewesiensis, Mant. 
perampliis, Mant. . 

. green sand 
. chalk .... 

. ditto .... 

Nut Held, W 
Sussex . . . . 
Ditto. 

trisulcosiis, Phil. . 

. . gault .... 

Yoikshirc. 

lutlll.l, 

. . ditto .... 

Ditto. 

vrnustiig, Phil.' . . 

. . ditto 

Ditto. 

concinnux, Phil. . . 

. . ditto .... 

Ditto. 


chalk ..... Essen, Topi it/. 
Bohemia. 


Uiiirgmatus, Phil. 

Armatx nucleus, Phil 

Kotoin.igciisis, Jit. 


ditto 

ditto 

chalk 


D.tto. 

Ditto. 

Sussex, Wilt*. 


Muiitclli ditto Sussex 

tetriiiiunatiis ct mo-| f Ditto: green saml, Black- 

mli* J ‘ 1 ° 1 flown. 

hiypiicaHtiiiiiun ditto Lyme. 

Woolgari, Mant ditti Sussex. 

rustic us ditto Ditto, l.vmc 

rust rat us ditto Sussex, OxfordshiiV 

liaviculmis, Mnut. .. ditto Sussex. 

el. iv itus, De Luc 

(■ciitniii, Def’r gault Ditto. 

h\ stnx, Phil ditto Yorkshire. 

catimiw, Mnut chalk Sussex. 

eittillus, Mailt ditto Ditto. 

Prnluit Npleiidciis gault Ditto, Kent. 

virgatus, Goldt*. 

mllatus greensand. Wilts 

lautus, Mant gault Sussex. Kent. 

simituN, Mant ditto Ditto, ditto. 

dentiitus ditto J).tto, Wilts. 

cauteriatux, Jit 

inricosus greensand. Black down 

i 1 denarius ditto JJitto. 

5* (voodlmllii ditto Ditto, L\ me, Sussex. 

Bennett i a* gault Wilts. 

piohosctdcuH flitto Kent. 

P planus, Mant. .... ditto Yorkshire, Sussex. 

Ornat i Ammonites vnnans chalk Sussex, Wilts 

coupei, lit 

J-Vc.ir/'ui falcat us ditto Sussex 

cui v.itus ditto Ditto. 

const rictus 


ditto Rouen. 

ditto Sduinur, Bochum, llantner. 


ditto Bochum. 


green saiul. Fiz 
chalk Rouen. 


green sand. Mo-c,r,v. 

ditto Pei te du Rhone, Rouen. IL.ixie, Piz. 


ditto Buet. 

ditto ..... Pci to du Rhone. 


ditto Fix, Bochum ; chalk, Rouen. 

ditto Rouen. 

chalk ..... Ditto. 

ditto ..... Luhlin, Poland. 


Tlie following sprues arc difficult to nriungc uiulcr any of Von ttucli’s tribes. 


Name. Hoik. In lliitUn Rock. In Foreign l.ni,tlil: s. 

A. u ml at us chalk Sussex. 

phi mil at us gTwn sand . Ditto. 


hevigntus gttiilt Ditto. 

parvus ? ditto ..... Speeton. 

ctirvinodus Phil. • . . ditto Ditto. 

De Luei. lit green mud . IVr'o du Rhone. 

hiihcristdtus, IX* Luc • ditto Ditto. 


CSeuhnrv 
fh IJ. 
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Geology. 

i:»i. II. 


Family. 


Numo. Ro<k. Tii lliittih LuraliticM. lWk. In Foreign Local uic*. 

A. Ciistatus gault Folkstone. 

mini it us ditto Ditto. 

mm “' Cephalopoda .Nautilus elegHns chalk ... ». Sussex; green sand, Wilts chalk ..... Kouen ; g roc n mi ml, II.ivu*. 

oxp.uisus ditto Sussex. 

imequalis gault Ditto; green sand, W ills . * Miuvitiicht 9 

simplex greensand. HLickdown ditto Uoucn ; greiii s.iml ? Aix la (Jli.iprllt*. 

nperturatus ditto ..... Mnostucht. 

unduliitux ditto Ditto green suiul. Hot 1mm. 

pseudopompiliUH,Srhl ltuiieii, lVngueux. 

obscuiua, Nils Kopmg. 

radiutus ditto Mo! ton, Devon. 

(Lenticulites) Cumpluni ... ditto Wilts clinlk ..... Scania. 

cristella ditto t 'linrluttciihund, Sweden. 

Lituolites nnut do i den, Lain ditto I\ma. 

diilbrniis ditto Ditto. 

Ntimmulitcs lenticular in, 1 ^ 4 j l|to f Miiestviclit ; given sand, Ais l.t th.i- 

(llxn.) f 1 pelle. 


t .Vikigj . 

t '!». 11. 


Faujatrii, (Iltrn.) ditto 


Mnestneht. 

{ Alps of Savoy, Dunphinf*, and Hio- 
vence, Mai dime Alp»; chalk, Wim- 
liohla, Saxi-ny, Faiences. 


The cephalopoda of the cretaceous system are mostly 
peculiar to it; and not only minutely, but very ob- 
viously, and often genetically characteristic of it. JIu- 
mites, baculitcs, scuphites, tumlites, the dentated am- 
monites n! Von Hitch, are exclusively confined to the 
gault, green sands, and chalk. Jt is very remarkable 
how nearly the whole series of ancient cephalopoda 
ends with the chalk, and without being represented, ex- 


cept in a very small degree, by new forms of the same 
class, seems to yield place to a vast augmentation of the 
number of the gusteropodons inollusca, which through 
all the tertiary system maintain that nmnciicul predo- 
minance over the coiichifera which is observed in the 
actual system of Nature. The names in the pm riling 
lists are chiefly taken from Sowerby's Minnal ( ( o//</m- 

/ogy. 


Annulosa. 


N.im<*. 


UiM-k. 


Vermiciilariu (Vennetus of authors) 

pol\ guiidlis 

COllCUVUM 

umhimata , 

Snwt-ihii 

Serpula canneUu 

anlifpuita 

nistiru 

Hiticulata 

nitipull.icea 

plexus 

obtusa 

ftuctuata 

inner opus 

bpimliua 

giuiiulata 

plana, Woudw. 


. . green baud 

.. ditto 

. . clmlk 

. . ditto 

. . green Hand 

.. ditto 

•• gAM't 

. . ditto 

. . chalk 

. . ditto 

. • ditto 

. . ditto 

.. ditto 

. . ditto 

.. ditto 

. . ditto 


Ill Hiitihli l.m.tli'ii‘4, 

Wythe. 

Sussex, Wilts. 

Sussex. 

Ditto; g.mlt, Spveton. 
Hlnckdowu. 

Wilts. 

Folks tone. 

Ditto. 

Sussex, Not folk. 
Susiex. 

1’arh.iiii, Nmfoik. 
Norwich. 

Noifolk. 

Norwich. 

Ditto. 

Ditto. 


The difficulty of determining species in these variable 
shells is such, as to throw great doubt over these de- 
terminations, made for the most part from single speci- 
mens. Objections of the same kind strike us on ex- 


amining the twenty-one species of aimulosa figured by 
(i old fuss from the cretaceous strata of Westphalia and 
Maastricht. The following list contains their names and 
localities. 


Name. lUuk, 

Scrpula trachinu#, (i 

lophioihi, G 

lirvis, G 

triangularis, Miin 

dracoiiocephaln, (■ 

(kpcsMi, G 

rotula, G 

quadricarmatu, G 

cinctA, G 

arcuata, Mun 

Biibtoripmta, Mini 

scxungulariM, Miin 

BexHulcata, Miin 

Noeggerathii, *Mim 

©recta, G 


In Foreign Localities. 
Ktien. 

Ditto. 

Ditto. 

Itmkerndc near Munster. 
Mnostucbt. 

Kssfil. 

Regensburg. 

I >itto. 

K*»hi*ii, (locsleltl, AiX- 
Ri'geiisbuig. 

Near Minister. 

Ditto. 

Audicig. 

Near Munster. 

Mai-btru lit. 
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Name. Rock. 

Snj ui.i umphislrcna, G.. 

bpirngruphis, G. 

purvulu, (i 

tmbrugosi, Mini 

c remit o stunt ii, Mtin 

tibicutu, Mim 


In ImjClIkh Localities. 
Maesti icht, Bochum. 
Essen. 

Ditto. 

Bnumbcrg near Munster. 
Ditto. 

R inker ode near Munster. 


Crustacea. 

Kami-. Rock. In BrllUh Localities. Hock. In Foreign Localities. 

Astacus Lcurhii, Mant. .... chalk Sussex. 

ornatus, Phil gault Spcoton. 

Kushcxieiibis, Mant.. . chalk Sussex. 

lnngimuuub, Sow. ... green saiul. Lyme. 

Mant. ...... gnult ..... Sussex. 

Plul ditto SjK-eton. 

PftSnmruH — , N. S. Phil., ditto Ditto, Yorkshire. 

Pu gurus Faujasii, Desm. ... chalk ..... Sussex Maastricht. 

Scy lLrus Mantelli, Desm.’ . . ditto Ditto. 

Kryon Muut ditto Ditto. 

Aiimiiiu Muut gnult Ditto. 

Kry.ri Mant ditto Ditto. 

t'orystes Mant ditto Ditto. 

ClItlUPEOA. 

Name. Rock. In British Localities. 

Pollicipea sulcatiiB chalk Lewes, Norwich. 

maxi in us ditto Northfleet. 


PlKLKS. 


Name. Ilook. In BritUli Lucnlilies. 

rhull 

S. gnh'iis Mant . . . . ditto 

furirna Lcwcsumimm, iVIant. . ditto 

/.c-us 

S.iluior' Lewosivusis, Mant. 

Anna ? Luwesiensib, Muut. 

f Y nrksl i i re, I sle of AY iglit ; 


Rock. 


j chalk . . , 

. . . Sussex. 

. ditto. . . 

, . . Ditto. 

. ditto . . 

.. Diffo. 

. ditto. . . 

. . Ditto. 

. ditto . . . 

. . Ditto. 

. ditto . . . 

.. Ditto. 


Fisli, purls of gault 


chalk Lyuif ; given 
baud, Wiltshire, chalk, 
Wiltshire, Norfolk, 
Sussex, /fee. 


chalk . 


In Foreign Localities. 


Paris, Bochum, Aix. 


Reptilia. 


Name. 

Rock. 

In British Localities. 

Alos is.iurtH Ilollmamu . . , , 

chalk . . . 

. . Sussex 

i'rocod this, l!ur. 



Ichthyosaurus, Phil. 

Geos.uirus 

gault . . , 

. . Spcetou 

Plesiosaurus, ( Harlan) . . . . 
Samocejili.iluN lunceiloriniv, 1 

( Harlan ; J 

Saurodou Leaiius (.llurhiu) • 
Clieloiiiu 




Hock. 

chalk 

green sand, 
ditto 

ditto ? 

ditto ? 

ditto 


In Foreign Localities. 
Mncstricht. 

Meudon. 

New Jersey. 

Ditto. 

Missouri Territory. 

New Jersey. 
Muestricht. 


Geneuxl Summary. 


Plants 

Polyparia 

Radiaria ......... 

0.1 

«)!> 

species, chiefly’ marine. 

# 52 fibrosa and carnosa, curticifera, 2 . 
/ (> l cell ul ifera. 

1 27 ldiuelliferu. 

Conclufera 

311 

f 99 plagymyona. 

J 123 mesoroyono. 

Mollusca ... 

r . 2 Rfi 

| 17 rudista. 

1 72 brachiopoda. 
f 73 gasteropoda. 

Cirripeda ........ 

2 

\133 cephalopoda. 

Annulosa. 

t .17 


CrustBcea ........ 



Fishea 

Repti'es 




i>43 species, almost exclusively marine. 


Geologv. 
Ch. 1 1." 



G E O 

»T- Tertiary System. 

J We have now arrived at the last system of strain de- 
posited in the sea and in lakes ; before, ns is usually 
stated, the present races of land animals and plants 
were called into existence. It is usually stated to be 
limited as to time between the era of the chalk and the 
beginning of the modern zoological period ; but this 
definition is something arbitrary in application. As we 
have seen, on previous occasions, the several systems of 
strata, however distinct in the great mass, gradually 
soften into each other at the lines of junction, and some- 
times exchange beds, so as to form the whole into a 
natural and connected series, so it may be with the pre- 
sent set of deposits in relution to the chalk. Tn Eng- 
land, indeed, as already remarked, this kind of transition 
from the chalk to the tertiaries, is nowhere distinct, nor 
are we entitled to say decidedly that at any point on the 
Continent of Europe it is well ascertained. 

The blending, however, of tertiary and cretaceous 
rocks would, if established at many points, occasion no 
peculiar difficulty iq their arrangement, nor alter one 
just inference drawn from previous observations. It is 
to be expected from every thing that is known of similar 
cases, that the great and abrupt cnange between the 
chalk and tertiaries in England and in France will be 
in sonic other Countries divided info easier gradations, 
and thus the maxim natura non facit sallus , will be 
found to prevail in this case as in all others. 

A greater difficulty however occurs when we attempt 
to mark the modern limit of the tertiary system of 
strata, arising out of several circumstances important in 
their history, which scarcely required notice amongst the 
older deposits. 

The ancient systems of strata were almost entirely 
marine ; but # 

1. The tertiary system includes not only marine, but 
lacustrine deposits, which sometimes alternate with the 
marine strata, sometimes appear unconnected with them, 
and in several instances were evidently altogether in- 
dependent of them and of each other, being formed 
separately upon the elevated lauds under the influence 

the ordinary processes of drainage. Now as similar 
causes have been in operation long since the tertiary 
era, and arc in operation at present, it is often for this 
reason very difficult to say what is really the Geological 
antiquity of a lacustrine deposit, whether it be of the 
present epoch, or belonging to the tertiary or some in- 
termediate system. 

2. Within the tertiary era a variety of land mamma- 
lia came into existence which are now extinct, and which 
it appears had become extinct before what is called 
lliii diluvial detritus was scattered, and the elephant and 
hyteua were destroyed in Northern climes. If instead of 
antediluvian wc should say tnustozootic, and instead of 
tertiary, pulieotheriun, the generally received inference 
on this subject is, that the two periods are clearly and 
distinctly defined. Most of the observations support 

‘this view ; but in a few cases palamtherian and masto- 
zootic remains occur together, and are supposed to 
prove that the changes from the earlier to the latter^ 
system of organic nature were, like all the preceding, 
gradually accomplished; that before the palieotheria 
had become extinct, the ox, mastodon, and rhinoceros 
had begun to exist. 

3. But allowing, for the present, that the palscotherian 
and inastozootic remains are of different nges, and 


L O G Y. on 

agreeing by these diameters to separate the dilmial (;,.o!„ #rv . 
from the tertiary deposits; how are we to apply tins dis- t h Ii 
tiuctiou drawn from the quadrupedal (mints of the hud 
to the marine strata, in which their remains hardly ever 
occur ? Or if, ns in England we find quite easy, we should 
characterise the diluvial deposits by the mode of their 
occurrence over all the marine strata, whut is to be done 
with strata like the Sicilian tertiaries, which have perhaps 
lio contemporaneous analogue raised above the sen. and 
are supposed to show no trace of diluvial ennents? 

4. The tertiary class is often supposed In include only 
the deposits which happened before the present s\steni 
of organic nature was established. But do Geologists 
really admit wlnit those words imply i We who have 
used these terms, and have come to reflect on their 
meaning, answer certainly not, either in theory or in 
practice. For the present system of or game nature is 
most certainly recognised in nearly all the marine. Icr- 
tinry strata, if we trust to the evidence which in every 
other such case has been thought the best: viz. the 
marine shells. The shells of all the tertiary mnririe 
strata are proved by various degrees of evidence to belong 
to the present system of organic nature, for the genera are 
almost universally the same, though the numerical ana- 
logy of the species is very unequal in different deposits. 

Neither is it true, that what are called lacustrine ter- 
tiaries can in all cases be pronounced to contuin exuviae 
of another system of organic nature; for if this could 
hardly be asserted of the basin of Paris, what is to be 
said of Aix and (Eniiigcn ? 

We come now to the terrestrial accumulation, that, is 
to the diluvial and alluvial aggregates, containing bones 
of quadrupeds in characteristic uhuudaucc, and com- 
bining with these the notices of similar reinuins in 
lacustrine and marine deposits, the causes of past am- 
biguity, Diui the hope of future distinctness appear to- 
gether. It can hardly be doubted that the land accumu- 
lations are capable or being classed by the reliqum* of 
land animals which they contain ; and this classification 
gives us the diluvial era, clearly separate both from the 
more recent and (if there he any remains of such) the 
more ancient nlluviul periods. Blit this distinction of 
the races of land animals into periods, applies only to 
the land, and the extension of this classification to the 
productions of the sea can only cause utter confusion, and 
distrust of the inferences to which more legitimate pro- 
cesses would probably conduct us. In a less degiee the 
same confusion will arise from applying this classifica- 
tion to fresh water deposits, ns the mixture of extinct 
qiiarlrupeda and recent moliuscn at Market Weightou 
in Yorkshire (ully proves. 

To be consistent, wc must certainly allow that the 
races of land animals might lie altogether changed 
without any corresponding change of lacustrine or ma- 
rine shells, and we must limit our classifications to their 
just application. We must judge of the age and other 
characters of supracretaceous marine strata by compari- 
son with what is known of the modern condition of (he 
sea; the lacustrine deposits of the same era must be 
compared to the standard of the modern lukes ; mid the 
terrestrial accumulations will derive illustration from 
comparison with the modern state of the laud, and the 
aqueous agencies upon it. In some instances at present, 
and it is to be expected that hereafter many more will be 
established, the relative epochs of certain terrestrial, 
lacustrine, and marine, phenomena may lie determined, 
but it is not (lie less certain that these phenomena 
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belong to throe independent seric«, which must be 
studied apart before they can be understood together. 

It must be evident from what has boon said before 
that a considerable proportion of the old strata had at 
the commencement of the tertiary system been raised 
nbow the sea, some parts by violent, others by gen tic 
and continued elevation. In the latter way, we imagine, 
the chalk and oolites of Kurland to have been a li t tic 
raised above the sea at this period, so as to leave broad 
planes of the chalk rising gradually from the sea, and, 
of course* exposed to the violence of it^ shores, and other 
parts dry and fit for the growth of plants and the resi- 
dence of animals. In France the same ctfects may 
he supposed to have happened round the greater part 
of the basin of Paris, while the old granitic rocks of 
central France, had sometime before raised themselves 
to nearly their present altitude, and constituted a shoie 
for the oolites and (lie chalk. The mountains of 
Britt. mis, (In* chains oi the revenues, the Jura, and 
the \ os.. ( . iS were also conspicuous in France, while 
flu* Itlai'k Forest, Odcnwald, Harz, Erzgebirge, and 
Hohemnn mountains generally had assumed their 
present lelativc heights. Also all the primary tracts of 
Britain. Scandinavia, Finland, and the Ural had long 
‘■nice ci i cn inscribed t lie ancient sea, or basin of Europe. 
Mut as yet the Pyienees and Apennines, the Alps and 
Carpathians, had been only partially raised from the 
deep sea, though enough it would appear to divide the 
ocean into limited seas, gulfs, and bays, in which the 
ternary strata were to be deposited. 

This brief sketch will convey a tolerable notion of the 
observed extent of the tertiary deposits in Europe. 
'The Eastern and South-Eastern parts of England, a 
hu l»c tract louud Paris, another equally large area in 
the South-West of France, detached deposits in the 
Ijoire and the Abler, the valley of the 11 hone, the valley 
of the Rhine, from Basle to Mnyenee ; the great hollow 
between the Jura and the Alps, the plains of the Danube 
and the Po, the subapcmiine region, many points in 
Southern Spain, the central basin of Bohemia* these 
are the tracts at present best known, but they are not 
the mo-»i extensive. From the Ardennes, Harz, Riesen- 
gebirge, Carpathians, and Caucasians, great part of the 
space North- Eastward to the primary rocks of the Omni 
and Finland is composed of a variable mass of tcrtiaiy 
rocks resting on secondary and primary formations. 
The Eastern coasts of North America, large areas in 
Northern Africa and ill the region South of the Hima- 
laya, are covered by tertiary rock*. 

As far as appears at present, the marine parts of these 
deposits were Conned beneath waters, some of which 
were connected with the German Ocean, as the Eastern 
parts of England, the Northern parts of Germany, &c., 
others with the English Channel and the. Atlantic 
Ocean, as the South of England, Paris, Hourdeaux, and 
the remainder branched « >fl‘ from the Mediterranean, the 
11 lack Sea, the Sea of Azof, the Caspian, &e. 

As in the present day the molluscous productions of 
one sea are distinguishable from those of another, by 
differing according to latitude and local circumstances, 
according to the nature of the coasts, influx of rivers, and 
manv other causes, so we may expect the case to have 
been formerly. This is found to be the fact. The ter- 
tiary strata have several common and characteristic 
features, but they show differences of great importance, 
both miueralogical and organic, which dearly indicate 
the difference of circumstances of their production. 


We shall first describe the English tertiaries, dis- (^. 0 i 0k ry. 
tinguisliiiig them as marine and lacustrine, and we shall ch. II. 
afterwards present a comparative view of the must re- v— ^ 
•markable contemporaneous foreign deposits. 


Tertiary System, of England. 

The following is a Tabular view of the series of these 
deposits ill England. 


Upper marine I 
limitation. } 


Crag, a local marine deposit, consisting 
ot two parts ; one a coarse, calcareous, 
z.onph) tic, and shelly rock, the other a 
loose deposit of s.ind, pebbles, and 
shells 




30 or 40 


La cu shine de- 
posits 


•{ 


Lower marine I 
formation, j 


Enclosing between them an intervening 
la) cr of marine, or tnarino-lacustrino 
shells, &c. 

11 a g shot sand. 

London clay, with septaria rich in shells. 300 to COO 

Elastic clay group, consisting of mail 
covering the chalk, coloured clays, 
lignites, pebbles, and sand, with shells. 


We must here observe, that in the preceding Table 
there is probably a hiatus between the London clay 
and the lacustrine deposits in Hampshire, that there is 
no ca«*e where the crag overlies the fresh-water beds, 
they being found only in separate districts, and that it is 
» Iso probable that a hiatus exists between the London 
clay and the crag. Notwithstanding the want of direct 
sections, comparisons with the tertiary strata of other 
districts appear to warrant us iu classing the crag as a 
more recent deposit than the lacustrine beds. This will 
appear iu the sequel. 


The Lower Marine Formation 

consists of two principal groups which are iu many 
cases very distinctly characterised, and always appear to 
indicate considerable difference in the state of the waters 
which produced them. 

The plastic clay group consists, generally, of green, 
yellow, and white sands, with or without murine shells, 
layers of rolled flints, occasionally furnishing attach- 
ment to oysters, clays and marls of a yellowish o^ 
bluish colour with shells, and sometimes of many various 
tints, and then mostly devoid of shells. Beds of lig- 
nite also occur in the sands of this group. 

The Map will show with sufficient accuracy the gene- 
ral range of this group from Essex through Bucking- 
hamshire to Ilcuding and Hungerford, and oil the 
North side of the Kingsclerc ridge of chalk, to Guildford 
and Croydon, and through Kent bnChatham, Canter- 
bury, and Deal. South of the Kingsclere and Wcahlen 
ruhre it ranges above the chalk from Nevvhaven and 
Bnghtoii by Chichester near to Arundel and Houghton 
Hill, and thence to Dorchester, including the pipe-clay 
of Poole Heath, ami turning Eastward again forms a 
narrow ridge of vertical strata between the chalk and 
Loudon clay of the Isle of Wight. 

The sections of the plastic clay group are usually con- 
sidered to be very irregular and confused, and so, in- 
deed, they are, and mark, upon the whole, a turbulent 
period and varying velocities of water. But wc believe 
it possible to arrange these varying sections so as to 
present a tolerably consistent Tabular view thus* 

Plastic clay group. Upper part, consisting of coloured sands and 
colmiml cla)H with bed* of lignite, and 
occasi >iml layers of flints. 
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Platitic clay group. Muldlo part consisting of blue day. or mirl. 

with cerilhia and other shells, MUiu tmus 
nltemating with sands, with or without 
shell.'). 

Lower part containing green sands often 
.issociuU-d with dints and pebbles, and 
occasionally full of oyster shells, Hunks* 
teeth, Ac. 


The following section of Loam Pit Hill, near 
Lewisham in Kent, by Dr. Buckkind, will serve to 
convey a good notion of the general characters of the 
plastic clay group near London, except that the quau- 
tity of rolled pebbles is smaller than usual. 


I'j per |i.u t. consisting ,»r !>n f.-H of highly color ml mid Heobi-e. 

gated pi jh* Huy, white, >Hlo\v, grey, and bluektsh, and altei fh n 
noting even minute!) with beautifully cohmied Minds. Near v ^ * „ J 
the middle are tlim* hedn of lignite, in winch flints and vege> V 
table leliijuiie are observable, and furl her to the Ninth i neuter 
tho kip'! are Hie other beds of the siuui* «ort of coal, each a font 
thirb, iiiuler ting U a series of coloured und vurieirated sands 
321 feet thick. h 

Middle part. Ihnk blue clay 200 feet thiek enclosing much green 
earth, und nodules of a dink aigilWeous limestone with shells. 

((•ytheuu, Sic.) 

Lower puit. linen, red, anil yellow suml, CO feet. 


The London Clay 


/ .an dun Ony above. 

Feet. 


Alluvium 

Striped sand, yellow, fine, and iron-shot 10 

Striped loam and plastic clay, containing a few pyritical 
casts of shells, und some thin leaves of carbonaceous 

matter 10 

Yellow sand 3 

Lcnd-cohjuiod Huy containing impressions of leaves 2 

Brownish clay coutaing r\ therm*, estimated at (i 

Three thin beds of clay, id which the upper and lower con- 
tain c)therea? and the middle oysters 3 

Loam and sand, in its upper part cicum-culouied, anil con- 
taining nodules of Iriahle marl, in its lower part sandy 

and iron-shot 4 

Bed of ferruginous sand containing Hint pebbles 12 

Coarse green sand, containing pebbles !> 

AOi-colouredsniid, slightly micaceous, without jiehliles or shells 33 
Green sand identical with the Heading oyster beds, contain- 
ing green-coated' vital k Hints hut no organic remains. . . 1 

C halk with beds and nodules of black flint 


The green sandy lower part of the group, with or 
without pebbles, oysters, and other shells, nnd sharks' 
teeth, appears to be constant and very characteristic, 
being found at Sudbury, Heading, Woolwich, &c. ; and 
also occurring in the Isle of Wight. 

The blue shelly clays of the middle pArt are vvelj de- 
veloped and rich in lossils, (much analogous to those of 
the London clay,) about Woolwich and other parts of 
Kent, and attain tho monstrous thickness of 200 feet in 
the Isle of Wight, but they tire not so continuous as the 
green sands. In the New Forest, and at Newlitiven, 
they much resemble the Woolwich beds in their zoolo- 
ical contents. 

The upper series of coloured sands, days, and lig- 
nites, arrives at great importance in Hampshire, but is 
only feebly traceable around London, and appears epiitc 
unknown in Essex and Sullblk, and generally on the 
Northern rise of the chalk from the Vale of I he Thames. 
The pipe clay ot Poole in Dorsetshiie, which is of white, 
grey, or blue colour, belongs to this division. It over- 
lays n seam of friable lignite (brown coal) somewhat 
like Hovey coal. 

There are several layers of white pipe clay at IVoIe 
Heath, three to five feet each, alternating with black sand, 
red sand, and brown clay, and covered by white sand. 
All along the North side of the range of chalk hdls 
which extend from Ilandfast Point to beyond Corfc 
Castle, there is an extensive stratum of pipe clay in a 
horizontal position. It contains a bed of coal exactly 
resembling that of Alum Bay in the Isle of Wight. 
(Webster, in Geology of England, p. 53.) 

The celebrated section of Alum Bay, for which wc 
arc indebted to Mr. Webster, exhibits the vertical beds 
of the plastic clay group of the astonishing thickness of 
more than 1000 feet. 

The series here admits of the same general divisions 
mentioned above. 

VOL. VI. 


is a very simple argillaceous deposit, of considerable Hxt.-nt ami 
but variable thickness, in one place (Wimbledon) ex- charnel cm. 
feeding even 530 feet, and in another (High Beech in 
Essex) 700 feet. It is usually of a lead-grey, or blue 
colour, but dull brown and red clays occur in it, per- 
haps most usually in the lower part. Green grains are 
often observable in it, u few sandy layers occur, and 
these, usually containing green sand, are indurated at 
Bognnr and Seise a into a considerable rock. Scptaria 
abound in it, und some imperfect lamina* of marly lime- 
stone Imve been noticed. It lies upon the plastic clay 
group over considerable tracts in Essex, Berks, Hert- 
fordshire, Middlesex, Hampshiie, Surrey, and Kent, on 
the Northern side of the Wealden ridge, borders the 
Southern coast from Worthing to I lord well, and sepa- 
rates the coloured sands and clays of the Isle of Wight 
from the fresh-water deposits above. It is chiefly inter- 
esting for the vast number, beauty, and variety of its 
organic remains, of which the cliffs at Harwich, Slicppey 
Isle, Hurd well, Stiibhingtou, &c. are rich repositoi ies. 
Considerable quantities were also obtained in cutting 
for the Archway at llighgntc. 

Having been much exposed to watery action, which 
it could ill resist, it is olten left in insulated hills, upon 
the substrata of sands and clays. Mineral springs, so 
common to blue clays, rise in considerable number from 
the London clay near the metropolis. The most re- 
markable arc those of Epsom, famous for their sulphate 
of magnesia, Bagnige Wells, and Acton. 

It yields little water to the well sinker, hut on being 
pierced to the sands below, or, as circumstances may 
require, to the chalk, great streams of water rush up, nnd 
may even ove i flow the surface if the chalk hills w hich 
gather and transmit the water be sufficiently elevated. 

This is the case about London, under which subter- 
ranean streams flow from the chalk of Suircy on one 
side, and that of Hertfordshire on the other. 

The Loudon clay possesses all the characters of a 
very quiet and continuous deposit, perhaps in deep 
water, yet not far from shore, since, a few considerable 
remains of laud and littoral productions occur in it, us 
wood, turtles, and crocodiles, but no pebbles nor coarse 
sands. 

The temporary turbulence of the plastic clay period 
had wholly passed away, und only liner sediment in 
great quantities found its way to the sea. Shells ni the 
most delicate and fragile forms are peifeotly uninjured 
in this day, except ill the rare case of its being lami- 
nated. 

Hag dial Sand. 

Wc shall place the Bngshot sand described by Mr. 

Win-burton (Gtological Transactions) above the 'Lon- 
don day, on which it rests in the only districts in which 
A r 
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:is n et it as been much noticed. Bagshot Heath and 
<'!• H. Uaui\jsl< a I aic tlu* principal localities. Its fossils are 

few and imperfect, but are thought by Mr. Warhurton 

to resemble some of those found in the upper marine 
ibi mation of the Baris basin. 

Fresh- water Group, 

Is!,. 0 f For our knowledge of the fresh-wafer tertiary strata 

\\» f ;ht. of England, we are indebted to Mr. Webster. They 
exist only along the Northern side of the Isle of Wight, 
and on the opposite coast of Hampshire. After the 
chalk and older strata, together with the plastic clay 
and sands and the London clay of the isle of Wight, 
were thrown by convulsive movements into positions so 
extraoidinarv, the fiesli-water strata now to be described 
were deposited hoi izontally over the line of this great 
disturbance. What interval of time may have elapsed, 
or what intermediate Geological phenomena may have 
occurred between the dislocation of the chalk and mu* 
r i,„. tertiai ies, and the formation of the fresh- water de- 
posits abo\e, cannot be discovered, at least ill this situa- 
tion. ft is in flie highest degree probable, that very 
tumultuous deposits must have succeeded the convul- 
she movements, and it is quite possible that under the 
fresh-water deposits of Ileadcn Hill others may exist, 
which, if marine, might render more complete than it is 
the English series of marine tertiarics. 

The fresh- water strata of the Isle of Wight ure parted 
into two minor groups by an intermediate set of layers 
of light green marl, 36 feet in thickness, containing in 
extraordinary abundance and great perfection marine 
.shells of the genera potamidnni, voluta, hums, natica, 
aiicilhi, cyclas, venus, cytherca, ostrea, &c. These are 
distinct from the fossils of the London day. Home spe- 
cies in this bed are decidedly fresh- water mollusca, as 
ncrituia-like Ihiviatilis, and inelanopsis. Potamida, 
which are numerous, appear to indicate an estuary 
deposit; ami it is probable that we may he justified in 
regarding the whole of this, which is called the upper 
marine of the Isle of Wight, as a local estuary deposit, 
caused by some temporary physical change in the region 
between the eras of the two decidedly lacustrine groups, 
which it separates. 

Crarj. 

Kft mill The most recent of all the marine stratified deposits, 
characters, is also one of the most irregular. It occurs only in the 
Haste in part of England over a mu row space of little 
elevation fiom the cliffs of Walton in Essex to beyond 
AUlboroiigh m Suffolk. It is also known to some 
extent in Norfolk, particularly at Bramerton near 
Norwich. 

In this shoit course the crag is found to rest on the 
London day at Walton and Bawdscy, and on chalk at 
Bramerton, being evidently a much later deposit than 
either and wholly independent of them. It exhibits 
also considerable variation of character. Its general 
aspect in numerous pits in Suffolk is a ferruginous 
mass of shells, dark pebbles, and bones and teeth of 
fishes and reptiles, mixed up in a confused mass of 
sand, sometimes grouped into beds, and sometimes 
exhibiting oblique and disordered lamina, very much 
resembling the general, character of a modern very 
shelly beach. And from the manner in which it lies in 
the country about Ipswich and at Bramerton, there 


can be little doubt that it is really an ancient beach of the 
German Ocean. But about AUlboroiigh and Orford . ^ — j 

the crag assumes a totally different character, becoming, 
in fact, a zoophyiic limestone, an accretionary rock, 
formed by the cementation of coralline reliquiu*. shells, 
and calcareous sand, probably after the manner of the 
Guadeloupe accretionary limestone, and a similar littoral 
formation on the coast of the Isle of Ascension. This 
coralline limestone contains some of the most charac- 
teristic shells of the ordinary crag, and is clearly of the 
same era as that heterogeneous deposit. 

The quantity of shells contained in the ordinary Shells ofiho 
pebbly crag of Suffolk is beyond all calculation. The ^ rR £* 
name of crag i*, we believe, derived from a British word 
signifying shell, and the Suffolk pits have been for a 
longtime in work solely to manure the ground with their 
calcareous cxiivhe. The number of species here buried 
is also very great. Upon comparing them with recent 
kinds we are presented with very curious and striking 
results. There are several of the crag shells so exceed- 
ingly similar to recent shells of the (Herman Ocean, that 
it is impossible to distinguish them. Turbo littoreus 
retains its colour, many others are with difficulty se- 
parated by minute discrimination ; but some, as tbe 
corals of Orford, peclen princeps, terehrutula Dalci, 
and others, are evidently unlike any thing now ex- 
isting in the German Ocean, and indeed not now to 
be paralleled in any part of the World. A small num- 
ber of the crag shells appear very similar to some in 
the London clay, but in general they have few common 
analogies, and the most cursory observer must be 
struck by the total difference of general aspect. The 
London clay shells recall to our memory the shores of a 
Tropical climate , the crag fossils speak to us of an 
ancient race of shells of our own seas. But the corals 
are sui generis, and upon the whole, tho«e Geologists 
who are most desirous of uniting the crag deposit to 
the present system of Nature, must acknowledge that it 
hears the stamp of an ancient and peculiar era. It has 
often been stated, that bones of elephant, teeth of mas- 
todon, iSfc. have been found in the crag. This mistake, 
as we believe it to be, may have arisen partly from the 
notion once prevalent, that crag was only a particular 
Kind of diluvial deposit, ami partly from attempting to 
supply an omission in Mr. Smith’s Work, (Strata iden- 
tified \) in which the tooth of a mastodon is figured from 
a noble specimen now, with this original collection, de- 
posited in the British Museum, but without mention of 
iocality. It was picked up under the diluvial cliff at 
Happishurgh, from which so many elephantoidal teeth 
ami hones have fallen into the sea. A very unexpected 
addition to the list of organic remains of the ciag\ is the 
hailner, (pvobahlv mwlistingmsliab'e fiom the common 
European species,) of which good specimens ol the skull 
ami leg bones aie in the Yorkshire Museum. 

It must evidently be of little use to give sections of 
such a deposit as the ordinary crag. We shall therefore 
subjoin only Mr. 11. Taylor’s account of the Bramerton 
pit, and mention that, in general its thickness is about 
30 feet, and its greatest height above the sea, in Walton 
N aze, 50 or 60 feet. 

Feet. 

1. Sand without organic remains 5. 

2. Gr.tvcl 1 

3. Loamy with 4 

4. Rv«l tWruginoim sand, containing occasionally hollow 

ochrtous nodules 1( 

5. Course white saiul, with a vast number of rray sA tlU , . 1 
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6. Gravel with fragments of shells 

7. Brown sand, in which is a seam of minute fragments of 

shells C inches thick 

8. Coarse white sand with crag shells, similar to No. 5. 

tellimc and murices most abundant , . . . • 

9. Red sand, without organic remains 

10. Loamy earth, with large stones and crag shells 


Fc*U 

15 



1 


Total 


49 


Large irregular black flints crowded together in situ in 
the chalk. Attached to these flints arc echini, 


tcrehratuhv, inocerami, mid belemuites 1 

Chalk to the bed of the river 15 


Foreign Tertiary System. 


Under what 
circiim* 
stances de- 
posited. 


The disturbances which preceded the deposit of (he 
whole or the greater part of the tertiary strata, were very 
extensive, and appear to have operated considerable 
changes in the configuration of the land, and to hu\e 
left the European seas, certainly expanded much beyond 
their present limits, but yet pretty evidently related to the 
present depths of the Atlantic, Baltic, and Mediterranean. 
It has long been the custom to speak of tertiary strata as 
being particularly deposited in basins ; un inaccurate use 


of this term, for the tertiary strata are not more, nor 


perhaps so much, separated into basins us many of the 
older strata. We recognise, indeed, in them a greater local 
diversity, such as at present obtains, both with respect 
to the materials deposited and the organic remains en- 
tombed, in separate brandies of the same seu, or at distant 
and dissimilar parts of the same coast. The true way 
of c jnsideiing the teitiary strata is, to view them as the 
varied deposits of one long period, produced chicily in 
branches of one great ocean, variously divided by the 
ele\atcd lands. Some particular deposits may perhaps 
be best explained by allowing the existence of mediter- 
ranean seas, or even salt-water lakes. Cases in ^vhich 
fresh-water and marine shells alternate must he examined 


upon their own evidence, to learn whether such alterna- 
tions were produced in a lake, or at an estuary ; and 
finally, the true fresh-water strata of the tertiary period 
must he separately treated, having such relations to the 
marine tertiary accumulations as the fresh water forma- 
tions of the present day have to the deposits now in 
progress below the sea. Thus we shall have purely 
marine strata, inarino-lhiviatile, or mari no-lacustrine 


strata, and lacustrine strata, all referable to the tertiary 
period, the relative eias of which can .sometimes he cor- 
redly deh /mined, sometimes satisfactorily inferred, and 
in other cases only conjectured. 

The relative age of strata which were deposited in 
the same branch of the sea, can be determined by ob- 
servation, e\cu though subsequent convulsions may 
since have separated the deposit into detached portions, 
as for instance the Hampshire and the London marine 
tertinrics. It can be inferred satisfactorily, even for 
originally distant deposits, when large suites of organic 
remains, not differing more than we may expect to hap- 
pen in such cases, concur with a general analogy of 
Geological position ; and in this case, the inference is the 
filiouger, if the data analyzed and referred in portions 
to successive periods, apply in u similar manner to the 
two localities. 


The mineralogical character of the deposits is of im- 
portance in proportion as the deposits happened in the 
same brunch of the sea, along the same line of const, 
parallel to the same range of mountains, or to similar 
ranges of analogous rocks. In short, tertiary strata may 


he expected to show close agreement, considerable re- Geology, 
semblance or general analogy, according to tin* local ( H- 
circumstances of their production, and it is perfectly ^ ^ 

consistent with Geological expeiienee and sound theory, 
that the clay ot Loudon, the culcnire glossier of Palis, 
and the lower suhapomiiue marls, may he exactly 
contemporaneous deposits, doming their peculiar cha- 
racter from the peculiar circumstances <>f tin ir localities. 

If we do not so often find in the old or systems of sti at:i 
these great mineralogical contrasts between ex.uily eon- 
teinporuncoiis strata, we must remember that the cir- 
cumstances of land and sea, when the euilicr deposits 
happened, were moie uniform, and that by a long suc- 
cession ot convulsions the tertiary sea was made to th»w 
round islands and promontories, containing a vast variety 
of rocks, reared in deep or shallow waters, and exposed 
in various degrees to the processes of disintegration. 

We may venture by the aid of what is known of the 
effect of former convulsions, and the help of the cha- 
racters furnished by the newer sti ala, to describe the 
hydrography of the great European Sea in which tei tiary 
strata were accumulated. 

It may perhaps he described as an immen.se inland •>• 

sea, hounded on the West by a broken line of elevated s!-!i YVi-" 
land in Spain, Auvergne, Brittany, England, Scotland ; 
on the North by the Scandinavian peninsula, Finland ; 
on the East by part of Russia, the Omni, the mountain 
circle which encloses the Aral, the Caspian and the Black 
Sea, and a line prolonged tlnough Sviia tow aid tin* 
lied Sea ; on the South by a line including the pre^eni 
Mediterranean, part of the Libyan Sands, and Egypt. 

This ancient Mediterranean appears to have been con- 
nected with the Bay of Biscay and the Atlantic hy shal- 
low channels between Angers and Poitieis, and by the 
line of the Canal of Languedoc. It embraced the Nmtli 
Sea, and so probably communicated with the Noithmi 
Ocean, included a part of the Bailie, and \mi, open to 
the Indian Ocean through the lied Sea. 

In this vast area rose at that time irregular tracts of 
land, forming upon the whole two islands. The Noitlicru 
island, .stretching in a sweep from the revenues to the 
Carpathians, and including the great plateau of central 
France, the Jura, Vosges, Schwaitzwald, Ardennes, Tau- 
n ns, Westervvald, Teiitohurger Wald, llaiz, Er/gehiige, 
the circle of Bohemian and Moravian mountains, and 
the long lange of the Carpathians. In the Southern 
island, rose in partial peaks, and with small surface, 
the Alps of that epoch, connecting themselves with the 
Apennines and (lie mountains of Dalmatia, Croatia, 
and Greece. The ancient Sea of Bohemia and the 
Sea of the Rheinland were entirely or nearly surrounded 
hy laud; the Seas of Svvisserland and II imgary expanded 
into the Black Sea, and contracted their wateis into a 
uairow channel along tiie line of the Rhone, thereto 
unite with the Mediterranean ; and the basin of Paris 
appears to have been only partially connected by shallow 
channels with the North Sea or the Bay of Biscay. 

Viewed then in connection with existing Seas, we may relation 
consider the inhuid tertiary Sea in several portions. to the o\- 

1. The arms aiul brunches of the Mediterranean, stretching »i|> thn 

extended Gulf ot Lyons, the Sea of Swaziland and llun- 
gury and the extended Adn.ilic Gulf, washing the Rustem 
part of Spain, Libya, and Kg) pf, and joining the Red Sen. 

2. The dependencies of the A limit ir and North Sea, ah the Hour- 

deaux hatiin, which was also connected with die Meditena- 
ncan, the buNin of Puria, the gre.d bea i.f Kngl.md, uud the 
Netherlands. To tin se may la* joined the uhm of Nirthem 
Germany, Russia, and the Countries bordering on the Black 
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Sea and tliA f .isjiiaii. Me might perhaps!* justified m 
,7* mi iki.iK ii sepamL- ‘!*vi-.n'i f»r the hitter surU-es, n>u\<l we 

ai.ni-.il t» any ^it> -■ fad try account of the organic lelifpua of 
Countries which as yt are very imperfectly known. 

For comparison with the English scries, we shall 
first lake the example afforded by the bann of Paris, 
so ad in i i ably described by Brongninrt and Cu\ ier, and 
on (fiat siccomit frequently appealed to as the general 
Ivpc of teitiary formations. 

Following the general classification of Messrs Brong- 
niait and Cuxier, we shall divide the Parisian tmniiio- 
lacustrine strata into fi\e ginups in the order of their 
eras. 

f>. Upper fiesh-wah-r or epilunnic group. 

•1. Upper manne (Hands and marls.) 

.». Lower fn di-water nr pa!a*utlieri.ui group. 

'J. I ,owei inanm* irali’.iire grossier ) 

1, plastic day gioup, lately K«d»di\ided l»y M. Hionguiait into 
1h rev ginups. ( iMrau tie s Trt rums.) 

Pl.i -tic i ' Our reinaiks on these deposits will be as concise as 
the gi eat interest attached to a right understanding oftlie 
mode of their formation will allow. The idea we formed 
to ourselves from a consideration of the plastic clay 
group of Fill" land, was that of a varied series of de- 
posits, consequent upon some consideiable convulsions, 
partly derived from the waste of the cretaceous system, 
and accumulated in a soil of estuary of that system. 
Pebbles and sands, with or without shells in confusion, 
a few bands of clay with shells, and beds of lignite, 
layers of pipe clay, and plastic clay, lying in sand, com- 
pose the rather heterogeneous group, which ends up- 
wmd.s with the abundant tranquil deposit of Loudon 
clay. 

On the great scale, the plastic clay group of the basin 
of Paris presents very analogous characters. It rests 
on the irregular and worn surface of the chalk, contains 
accumulations of pebbles, beds of lignite, layers of co- 
loured plastic clay, and by occasionally including beds 
of calcaire grossier, analogous to the shelly layers of 
the English group, appears to leave hardly any impor- 
tant point of resemblance unsatisfied. Oil a careful 
rc\icw, however, some differences arise. The order of 
succession of the several parts is not exactly similar. The 
French series taken generally may be thus expressed". 

Upper part consisting of potter’s clay, marls, sands, and much 
lignite, Ok* clay containing many lacustrine shells, as eyri-nw 
and melauopsidcs, alternating with n few marine shells, ns 
ostriso and ccrithine; the lignites containing remains of mum* 
malm and l'u*>h -w.it or reptiles. 

Middle p.irt or plastic clav and sands, sometimes alternating, the 
former generally heneatli, of very uncertain thickness, iu- 
disiinctiy strat' tied ami devoid of shells'. 

Lower p;ut very local, consisting of fragments of chalk, flints, Ac. 

r l best* deposits are very unequally spread in the basin 
(d Paris, and the lignite with shelly clays and marls be- 
longs principally to the vicinity of Soissons. We may 
draw the following inferences. (1.) That the ccmxuKixe 
movements which wasted the chalk of England, mid 
raised its originally deep strata top. littoral and estuary 
situation, were also experienced in the basin of Paris. 
(2.) That in ihisestuary irregular deposits happened, both 
marine and fresh water, the latter prevailing in particular 
places more than in the corresponding basins of Eng- 
land, and recognised by distinct layers of iluviatile mol- 
lusca, sometimes alternating with deposits containing a 
few marine shells. The basin of Paris seems therefore 
to liuve been at first an estuary, admitting into it con- 
siderable currents of fresh water from rivers or lakes, 


containing shells, crocodiles, and turtles, and transport" Geology, 
ing vegetables; but the deposits were generally more ^ 

tranquil than the contemporaneous products of England. V “ P “ v ~* w/ 
The “ loner murine* group, or calcnirc grossier, and 
its coeval and associated sandstones, form the principal 
and charactei istic rock of the Paris basin, in which the 
wist number of marine shells occur. The calcaire 
glossier is a granular, sedimentary, sandy, yellowish- 
while limestone, of considerable thickness, regularly 
bedded and jointed, with partings of a maily nature, 
including occasional beds of sand, and in some cases 
lignite and marls. The lowest part of the rock is 
usually filled with green silicate of iron, and can hardly 
be distinguished from some kinds of marly green sand. 

It contains hardly the least trace of metallic substances, 
but encloses a few beds of horustone, some cubic fluor, 
quartz, and calcareous spar. It is the building stone of 
Paris. In some parts, it is replaced by a developement 
of sandy beds, which often exhibit glistening fractures. 

Pebbles lie in it, chiefly at the top and the bottom. Up- 
wards of 1500 species of marine shells belong to this 
group, and only a very few land or fresh-water species, 
rarely brought down with xegetahles, diversify the cha- 
racter of the deposit. A great proportion of the shells 
of the London clay are recognised among the more 
numerous reliquuc of the Paris basin. 

The lignite and marls occasionally included near the 
top of the calcaire grossier, (Bronguiart,) remind us 
that the action of the ficsh waters, though nearly un- 
observed during this long period of the deposition of the 
culcniie grossier in quid sea, might easily he recalled to 
the basin of Paris by a change oflocal eiicu instances. 

Such a change occurring, a part of the basin of 
Paris was surrendered for a time to the undisputed pos- 
session of fresh water, and the following group was 
deposited. 

The paheotherian, or lower fresh-water group, is princi- p.iUvthc- 
pally, says M. Bronguiart, a chemical deposit from water, ri.ui or 
or at least this mode of origin is very frequently to be kwcrlresh* 
traced in it. Coarse mechanical aggregates, the result of UiLtL ‘ 1 ' 
violent currents, arc unknown in it; while gypsum, sili- * 1 ’" 
cions nodules, and agates arc frequent, and sulphate of 
stmutita, carbonate of lime, and silicate of magnesia 
occur in the marls which compose a large part of the 
mass of the formation. But it is from the remains of 
terrestrial and fresh-wnier plants, and the exuviat of 
land and fresh water animals, that this group of strata 
receives its most exact as well as most interesting cha- 
racters. In the interior of its mass no marine bodies of 
any kind have been found, but several plants and shells 
of I he land and fresh water, genericqlly identical with 
existing tribes, as well as land quadrupeds belonging to 
genera now extinct. The study of these quadrupeds, 
first awakened in Cuvier that indefatigable zeal in the 
examination of fossil animals, which has established the 
permanent union of the highest branches of Geology 
and Zoology. 

Argillaceous and calcareous marls with limn.TX, 
frequently alternating in very thin la mi me, (a common 
character of lacustrine deposits of all ages,) constitute 
the mass of this paheotherian group ; gypsum in broad 
crystallized masses, of a vertically prismatic structure, 

* Mr. Ohantrey, whose unrivalled eminence in his profession is 
united with very extensive and accurate in fur mat ion on other subjects, 
hat* observed in the interior of pluster casts of large statues, which 
had been subjected to a drying heat of 350°, an irregularly pris- 
matic structure, comparable to that of thegypsuin of Montmartre. 
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Geology, not stratified, is frequently associated with them, as m 
Ch. II. the basin of Paris, at Puy en Velay, and at Ai\ en 
x ~ k / 0 ^ / Provence, silicious limestone locally di\ersifies them, 
and yields agates, menilites, nectic quart/, &c. To this 
group M. Brongniart also refers the lignites which lie 
in the innlussc of Swisserland. The quadrupedal idi- 
qniic are, perhaps exclusively, found in the gypsum, 
and few other organic bodies accompany them. 

This evidently fresh -water group occurs in many parts 
of France, sometimes, as in Auvergne and ('antal, 
without the least trace of a genuine marine tertiary 
basis. About Montpellier it is found in combination 
with marine deposits nearly as in the Paris basin, and 
there appears good reason to believe that the causes 
which repelled the sea from that basin were extensively 
at wmk in other parts of Kuropc. This indeed is not 
a very difficult part of the problem. The expulsion 
of the sea may easily be imagined to have happened by 
the elevation of new land, or by a great local dislocation, 
such as we know to have often occurred ; and (lms a 
fresh-water deposit in the basin of Paris might be laid 
on a basis of immediately antecedent marine (ciliary 
strata, at the same epoch that in other parts of France 
elevated above the sea before the tertiary peiiod, these 
deposits were laid on any of the older rocks. From the 
esiuary or lake which we now call the basin of Paris, to 
the mountains of Auvergne, there might he formed, 
contemporaneously, (that is, in a givcnGeoIogical period,) 
many fresh-water deposits of varying character, under 
varying conditions, which are to be ascertained by special 
investigation of each case. But after the completion of 
this lower fresh-water deposit, subterranean movements 
brought hack the sea into the basins of Paris and Mont- 
pellier, at the same time that marine exuviui weie intro- 
duced ir.to the basin of Hampshire. It does not follow, 
as a necessary inference from the data before it*, that 
this subterranean movement was centred below the basins 
of Paris, Montpellier, and Hampshire, nor that these 
basins were raised or lowered at all ; it is only certain 
that subterranean movements must have occurred in 
such a manner as to interrupt and restore at intervals 
the connection of these districts with the ancient sen. In 
what respect is this different from the case of the Weald 
of Sussex and the* ancient coal basin of Yorkshire? 
Upper ma- The •• vpper marine" group, produced in the basin 
rine group, of Paris by the marine irruption which covered the 
pahcothcriun gypseous marls, is composed chiefly of 
sands of many colours, occasionally indurated to stone, 
with fewer shells than in the lower marine group. The 
base of the group is, at Montmartre, a mass of calca- 
reo-argillaceous marls, greatly analogous to those of 
the fresh- water group below, a gradation of character 
very much to be expected ; conglomerates lie on the 
coloured sands in the Northern and Eastern parts of 
the Paris basin. A sandy, shelly limestone containing 
bones of the pahcothcriun, and also of the subsequent 
dihivian era, called calcaire mocllon by M. de Serres, 
abounds at Montpellier and Narbonne. The molasse 
of Swisserland, a very complex and disturbed deposit, 
is referred to this era. 

Upper The parallel between the three basins of Hampshire, 

fresh-water Paris, and the South of France, is drawn still closer by 
group the occurrence in all three of “ upper fresh- water” beds, 
(Kpilimnic) the last usually included in the tertiary strata. It 
group. must in some cases be doubtful whether (lie upper 
fresh-wutcr deposit recognised in a tertiary district be of 
the antiquity of this Parisian cpilimnic group, and it 
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is highly probable th.it lacustrine deposits will be (bund U*“ 1, cv. 
of all intermediate ages limn the date of the uppcimcKt * 
tertinries of the Pans basin to the deposits of l lie modem 
era. Such, perhaps, ate the lacustrine groups ol (Eningni 
and C a cor gesgem u i id , which have become bettor Known 
to the English reader in consequence of Mr. Murchi- 
son’s descriptions. But, in the cum* of the localities 
mentioned above, this doubt is not to he entertained. 

The most eharactei islie lock of this gioup in the basin 
of Paiis is the millstone, a silicious mck full of cells and 
tubular sinuosities, attributed to the extiii atiou of gas 
lioni the bed of the lake, as is known to happen tit 
oidinary cases, and some fiesh-water shells and *enb. 
ofehara. (( iy logonitcs ) In other districts, c^pinMly 
in Italy, a marly limestone, analogous to the trnvcitiuo 
which is daily lormed there by carbonated spiings, 
is eousidcied by Brongniait the representative of this 
group, hilt it is obvious that this tufaceous deposit may 
he of all ages. The upper fresh -water deposit, with, 
probably, other recent deposits of the same nature, 
is recognised in Auvcigue ami (. antal, on the Loire, 

Allier, and ( her, in the Department of (iatJ, in Swiss- 
eiiaud, Austria, and Hungary. 

To these ehatai (cis of the strata in the Palis Ikimii. .iinns 
described by MM. brongniait and Cuvier, mud be 'um.iu.c. 
added a notice oi a set of giavclly sands in the Faluns of 
Touraino, long celebrated for abundance of » bells .md 
other organic lemaius, but which were fii t examined 
with attention by M. J. Dcsnoyors. Along the line of 
the Loire valley at seveial points, as well as at Humes, 
shelly and gravelly deposits occur, which, lioni Destiny - 
ers’s investigation, appear ccitaiuly to bo of postei im* 
date to the vv hole Parisian formation, and toiontani not 
only a variety of shells and corals distinct for the most 
part from those of the Pmisian leitiaries, hut also a 
mixture of quadrupedal remains, both of the paltcothciiuii 
and mastozooticeiu. Besides pulumthci ium, lophiodon. 
and a species of authracothcrium, which would generally 
he referred to the era of lacustrine teitiaiies, theio are 
bones of mastodon, hippopotamus, ihiiioceros, tapir, 
horse, and deer. These, the most recent, proha lily, ol 
all the deposits connected willi the Parisian sciics, me 
compared by M. Desnoyers with the English ciug ; hut 
the propriety of this reference is denied by Mr. Lycll, 
on the giound that their suites of oignnie lemaius have 
not the same ratio of analogy to existing tubes; the 
resemblance of the deposits is, however, remarkable. 

Thus a sequence of tertiary deposits of the ‘«ame general 
characters appeals to be clcuily nsctrfnined in the 
Southern parts of England and the Noi them parts of 
France, and the beds in the two localities aie of the 
Fame, or nearly I he same age. This sciies lias three 
principal marine terms, of which the lower one (Loudon 
cluy in England, calcuirc grossicr in France) is very 
continuous and the most important, the middle one is 
variable, and (he upper one local and littoral, perhaps, 
we may add, of rather unccitain date. The senes con- 
tains also two lacustrine terms, and one, the lowest of 
all, a product of transient convulsions consequent oil 
the rise of the chalk strata. 

This agreement is very intciesling. Yd it is not to 
be thought I hut in other pails of Europe, which arc 
not subjected to the same repeated convulsions, a 
similar sequence of marine with similar interpolations 
of lacustrine deposits should often be met with. On the 
contrary, it ought to I>e expected that when the tcitiary 
deposits arc wholly maiiue, (lie triple character, which 
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Geology. in 'France and England they derive from definite jie- 
<:k n ' riods of comuLion, should he confounded into a general 
series of niiiuy graduated or ullcrnating terms, as hap- 
pens to the oolitic and other extended marine systems. 
The further descriptions of tertiary strata, introduced for 
coiiijMiis.ui with those of England, will be divided into 
marine and lacustrine; the former will be first noticed. 
South < The tertiary strata of the South of France are gcue- 

Fr.incv ra ]|y mcval with those of Paris, and the greatest assem- 
blage of shells and other marine remains lies in sandy 
and^iibcalcareous beds, thought by M. Brongniart to he 
of the same age as the interlacustrine sands of Paris. 
In the districts of Bmirdeuux and Dax, 600 species of 
shells have been collected from these strata, which Mr. 
Lyll (sol. iii ) arranges in lour divisions thus : — 

4. Silii iuim hand without shells. 

3. (fiiivrl. 

S, mil and marl with shells. 

I. Ulue m.nl with shells, sometimes *200 feet thick. 

Below all tluse calcareous strata occur with shells of the Paris 
basin. 


North of 
the Alps. 


M. de Set res has shown the much greater accordance 
which the Bourdeaux and Montpellier shells bear to 
llmse ot the subapennine formation of Italy than to the 
strata of the basin of Paris, and it is from comparison 
of the organic remains that Mr. Lycll ranks together 
the Bourdeaux and Touraino shells, and puts them 
above all the Parisian beds. It is desirable to attain 
an aecoi dance of opinion in the relative age of these 
strata, because they furnish common ground of com- 
paii.Min lor flic deposits which border the Apennines, 
the Alps and the Carpathians. 

The mu-d complete section of tertiary strata along the 
Alps has hmi mriiislud by the researches of Murchison 
and Sedgwick in Lower Sly via. 

Calcaieotis sand* and pebble beds, calcu- 
icoum grits and oolitic limestones, con- 
taining many shells. Home of these of 
existing spciieft. 

\\ bite and l hue marl, calcareous giit, 
wh.fe niailstone, and coiicrctiouury 
white limrstuno witli shells. 

Helow tills is a coralline limestone, with 
slu lU, in one place 400 feet thick, a»* 
seriated with marls 

(Jonglomci.ite with iniraceo*culcarcous 
-.and, and inilUtoue conglomerate. 

Blue marly Nhale and sand, with shells 
uii.ilogoiis to those of the calcaire gros- 
siei and Loudon clay. 

Shale and sandstone with beds of lignite, 
accompanied by Huvmtile and teirestiial 
exnxiir. 

Conglomerates, grits, and micaceous 
sandstones. 


Uppermost group, 
c.ilc.ueo-aieii iceous. 


Middle group, I 

c.d( .ireiris, l 


Lowest gioiip ) 
cKm mil. 


The coiuliine limestone here mentioned serves as a 
good line to connect the sections along the line of the 
Carpathians. At V ionna, Murchison and Sedgwick give 
the following series : - 

Alluvial beds ? of l.isw and gravel, the latter containing bones of 
mastodon, tapir, authiucntheriiim, fa c. 

Fresh-water hmc.stone. 

Leilhakalk or coralline limestone and calcareous conglomerate. 

/ Ujijicr blue mails mid wands, very rich in shells, 
T I yellow .sand nml shells. 

Lower group < j^ vvt , r j,| ull mar j 8 300 f ec t, compared to London 
l clay. 

Tranvylva- In Transylvania, Bout* gives the series thus 
ma, it c. Upper group shelly sands, marine and frosh water. 

Randy coarse limestone, equivalent of the Leithakolk. 

Molas.se. 

Clay and marls blue and yellow. 


And this applies to Moravia and the West of Hungary, Geology, 
where the lower beds are inclined toward the Carpathians. Ch. II. 

Below all these tertiary strata, in Geological position, 
but raised to a great height iu the Alpine region by Gosuubeds. 
powerful dislocations, occur those shelly marls and sands 
wilh conglomerates and traces of lignite, which have 
acquired celebrity from the researches of Murchison, 

Sedgwick, Bone, Von Lilienbach, and other Geolo- 
gists. The discussions on their relative age are yet 
unsettled, because no sections can be obtained, under 
the difficult circumstances of the case, which put in a 
clear order of uninterrupted succession the whole muss 
of terliaries, or allow a very confident deduction con- 
cerning the relation of all the parts taken separately. 

The obscurity of the subject is increased by the admitted 
indistinctness and variation of miuerulogical character 
iu the tertiary sands and conglomerates of the plains of 
the Danube. Yet it is not to be supposed that no in- 
ferences can he grounded on the laborious investigations 
of the eminent Geologists above named. The Gosau 
shelly beds are limited below by the Alpine limestone 
at Gosau, and in the Rentersberg by the same lime- 
stone, (hippuritic,) covered by grey or reddish marls and 
marlstoue containing a few fossils of the chalk forma- 
tion : above, these beds arc known to pass under the 
molasses of the plains Noilli of the Alps. Two sec- 
tions, dei i\ed from the labours of Murchison and Sedg- 
wick, will, with this understanding, sufficiently show the 
nature of the beds. The first is acioss the Valley of 
Gosau. 

Uppermost group. Rod and green slaty micaceous sandstone seve- 
ral hundred feet thick. (Cap of the Horn.) 

Second group ... .Green micaceous gritty buiuktoiu*, extensively 
t pi allied as whetstone, succeeded by yellow- 
ish sandy mails. (In the Rcsscnbcrg.) 

Third group Vast shelly series oi' blue marls, alternating 

with compact limestone and calcareous grit ; 
traces of vegetables above, abundance of 
shells and coi.ils in the middle and lower 
part. (In the Valley of Gosau.) 

Lowest group The above series gradually changes to beds of a 

more conglomerate character, which pass into 
red sandstone and marl containing gypsum; 
a coai*c conglomerate, forming the base of 
the whole system, rests upon and abuts against 
the Alpine limestone. (Russbach.) 

The discontinuity between the lowest part of this 
section and the top of the Alpine limestone is partially 
remedied in the Uulersberg, where a series of four terms 
liken ise appears. 

Uppermost group. A gieat succession of alternating masses of 
bluiiih micaceous marl, slate, clay, sandstone, 
nml conglomerate. Sumo of these marls 
contain hods of gypsum and fossils resem- 
bling the suite of Gosau. 

Second group .... Beds ol blue micaceous slate clay, and greenish 
micaceous sandstone. 

Third group ...... Sandy micaceous marls, alternating with con- 
glomerates, and micuceous calc grit with 
nmnmuhtes. Subordinate to this system are 
red and variegated marls with gypsum. 

Lowest group ....A great deposit of marl and nuirlstone, gene- 
rally of a giey but in some jiluces of a red 
colour; containing a few fossils resembling 
those of the chalk formation. 

These beds are conformed in declination to the Alpine 
limestones of the Untersberg. 

The question lately discussed respects the age of these Age of the 
Gosau bed*. Messrs. Murchison and Sedgwick con- ® 01ftu 
ceivc them to be the lowest of the tertiary series of the 
Country, und to have so much analogy to the system « 
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Geology, below as to be properly regarded as one. of (he con- 
Ch. it necting links of the cretaceous and tertiary rocks. M. 
' •■v— ' Boue ranks them with the green sand system. On 
appealing to the organic remains, we learn that the 
affinity of genera, and the proportion of univalves and 
bivalves, bring the Gosau beds to a tertiary type ; an 
examination of the spec it* leads M. Deslmyes to declare, 
(Lyell, vol. iii. p. 327.) that none of the Gosau shells 
are found in any recognised tertiary stratum, but that 
some of the most characteristic species of Gosau occur 
in the green sand below the chalk at Moiis in Belgium. 
Ilis researches have led him besides to the following 
decisive general statement, that no shell has yet been 
found which is common both to tertiary and secondary 
strata! Our own impression on the subject, derived 
from comparing the statements of those eminent wri- 
ters who have enjoyed the fullest advantages of original 
examination, can be of no importance on either side ; it 
will be more useful to set an example, unfortunately 
rare in such discussions, of deliberate indecision, and 
to appeal to future discoveries. Two remarks, however, 
must not be omitted. Though all the instances upon 
record should be found strictly to agree, (even when 
modified by further discoveries.) with that valuable and 
practical conclusion for which Geology is indebted to 
Deshayes, yet this conclusion is general, not universal, 
and cannot be employed to predicate the result of any new 
investigations. And again, though certain genera may 
not yet have been recognised among secondary strut a, 
the deduction of the age of ilie Gosati beds from this 
source is of the same conditional character, 

Molasie. The primary and secondary Swiss mountains are bor- 
dered on the North by a vast thickness of conglome- 
rates, sands, calciferous grits, ami lignites with immnni- 
ferous quadrupeds. These arc referred by Brnngniart 
to the iuterlacustrinc marine beds of Paris, but the 
shells as yet found in it are few. M. Studer, of Berne, 
has amply described this immense and disturbed deposit. 
SuhApon- The subapemiine strata are all that remain to be 
liiuedepo- noticed in these comparative sections. No one since 
sits. Brocchi has been more successful in the examination of 

these strata than Mr. Lyell, and they furnish much of 
the evidence which supports his classification of the 
tertiary system into eocene, tneiocene, and pleiocene 
formations according to the degree of analogy which the 
organic fossils of those groups bear to existing races of 
marine animals * They are of enormous thickness, 
(several thousand feet,) and must have required very 
long periods for their accumulation in the Mediter- 
ranean, from which they have been uplifted to consider- 
able elevations on each side of the secondary A pen- 
nine ridges. The mass consists of innumerable alter- 
nations of calcareous and urgtllaeeous marl, light brown, 
or blue, but the variation of mineral character is slight 
through the whole series and not at all sufficient to 
furnish permanent marks of separation into groups. 
It is altogether like the sediment which we may sup- 
pose to be quietly deposited on the bed of the Medi- 
terranean, by rivers which have left their coarser de- 
tritus inland. Beds of lignite are sometimes inter- 
stratified, as at Mcde^ano near Parma ; subordinate 
beds of gypsum interstratifled with shelly marls and 
sand also occurin the Parmesan. Sandstone is also 
interstratifled, and rarely compact limestone replaces a 


* These terms are derived from xa<» e f . (recent,) combined with 
(the dawn,) (Ives,) and rXu'w, (more.) 


portion of the calcareous marls. The whole is covered in Geology, 
places, and unequally, by a coarse yellow sand and con { h D- 
glomerate, in which alternations of fhiviatile and ma- 
fine extivuc are traceable, and other circumstances are 
observ ed which mark estuary or littoral net ion. 

This may be taken as the character of the middle 
subape inline formation. The tertiary strata in the hi!! 
called the Supergn, ill Piedmont, have been described 
l>y M. Brongniart and other writers, and from personal 
examination with Mr. Murchison, Mr. Lyell lias in- 
feried that they are the oldest part nt the tertiaiy 
system in Italy. Pine green sand and marl, and a 
subjacent conglomerate, (the boulders being of primary 
rocks.) compose these strata, which dip at the extieme 
angle of 70°, under the more horizontal bluMi snb- 
upeimine marls n( the plains of the Tannin. 

The most recent portion of the subapennine drpo- Suth.m «t«> 
sits is exemplified by Mr. Lyell in the liliaceous forma- l u,sl,! * 
tiuns of Naples, the calcareous strata of Otranto, and 
probably the greater part of the tertiary beds of (’ala- 
briu. But the most satisfactory view of the newest 
teitiary strata, is obtained in the Val di Nolo, Sicily. 

Since Dr. Duubciiy’s account of that island, the phe- 
nomena of its stratified rocks have excited much atten- 
tion, and Mr. Lyell lias been eminently successful in 
deriving from them important inferences concerning the 
relative ages and periods of elevation of submarine 
strata. The following is an abstract of bis descriptions. 

The whole series of strata in the Val di Nnto is di\i 
sible into three principal groups. 

The uppermost group consists of limestone, some- 
times 700 or nOO feet thick, often coi responding in 
mineral character with the calcaire gro-sierof Paris, but 
often more compact. It is regul.nly stratified and 
cavernous. These characters, however, are liable to 
vary in different parts of the island ; near No«o it lias 
the concretionary spheroidal structure of the form of 
the Italian travcrlino, and contains teircstnal vege- 
tables. These strata prevail not only in the \al <h 
Noto, but, as Dr. Daiibeny stated, cap the billot ( ’astro- 
giovanni, 3000 feet above the strata, 'flic organic ic- 
nmins of this limestone, (generally casts) belong, with 
hardly any exception, to existing species. 

The* middle group, not abruptly distinguished limn 
the upper one, consists of white calcareous semi, some- 
times with a tendency to oolitic and pisolitic text me, 
such as the travertino of Tivoli ; at Ploridhi near Syra- 
cuse, it changes to conglomerate with calcareous pebbles, 
associated with sandy limestone full of broken shells. 

In some parts of Sicily, this group seems to be icprc- 
sented by yellow sand, exactly resembling that superim- 
posed in the blue suhupeniiiiie marls of Italy. 

The lowest of the three groups consists of an argilla- 
ceous deposit of variable thickness, culled enta in Sicily, 
ft resembles the blue marl of the subapenmiics, and 
encloses sheila and corals in a beautiful state of preser- 
vation. The shells belong, with few exceptions, to 
recent species. 

Other marly strntu, probably tertiary, occur below, 
with gypsum, sulphur, and salt. 

Relative Antiquity of Tertiary Deposits. 

Sufficient data have now been stated concerning the 
local characters of tertiary deposits to show how variable 
are the struta of this series, and what great difficulties 
oppose themselves to a .satisfactory classification of them 
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accord in" to their relative antiquity. The methods of 
inquiry which liavr been found so successful in the 
solution of t hot problem, when applied to secondary 
strata, are hero much less applicable. The mineral 
character of those deposits is, far more than amongst 
secondary strati, dependent on the nature of the neigh- 
bouring mountains of older rocks, on the condition of 
the sea, and the slate of elevation of the land. Xo two se- 
parate tertiary districts, unless pci haps those which fol- 
low the line of the Danube, could he satisfactorily com- 
pared hy mineral characters alone. 

The thickness of the deposits is enormously unequal, 
and the angles of thrir inclination and their elevation 
above the sea afford no resting place in this research. 
Some help may ultimately arise fiom the theory of eleva- 
tion of mountains ; hut M. de Beaumont's view, vvhii h 
alone si ems to apply itself distinctly to tins .subject, is 
as vet too embarrassed with objections, and too little ex- 
amined in detail, to lie available. 

Nothing llie’i remains on which to build hopes of ur - 
lunging the tertiary seiies in a regular sequence accord* 
•ng to their ages, but the evidence of their organic con- 
tents, and accordingly it is in this direction that the 
dibi ts of modern Geologists and Naturalists arc vigor- 
on* ly exerted. 

This being our only probable basis of operations, it 
will be well to examine its weak points beforehand, lest 
much labour be lavished on a fruitless undertaking. 
D.lliculties of a very serious natme, and pioblems not 
yet solved, nor even entertained by Geologists, perplex 
the history of tertiary organic remains. 

Amongst the older rocks, notwithstanding the general 
admission oT l\Jr. Smith’s views, the organic remains 
have been chiefly used in reasonings on the condition of 
the laud and sea at certain periods, defined, not hy the 
existence of these organic remains, hut by the occur- 
rence of a given sequence of rocks, in which those re- 
mains are imbedded. It is true that (lie classification 
by superposition lias been found woudei fully accordant 
with the general (Jcnlngieal results of Zoology, hut the 
real dependence of both the practical and the theoretical 
(leologist is upon the order of superposition. Thus, 
when the oolitic system is from any cause obscured, the 
ranges of chalk above and red sandstone below are im- 
mediately appealed to. It is true that in sueli a case 
the organic remains might veiy probably equally decide 
the doubt ; but so long as the relation between the 
oiganic remains and the si ruin is known only in its most 
general terms, and for a whole seiies of rocks taken to- 
gether, while the particular modifications of Ibis rela- 
tion, which should enable us to apply the theory to 
different strata in a given region, and to the same or 
ditferent shafji in different regions, arc yet matter of in- 
vestigation, it is evident that no Geologist will consider 
conclusions depending on organic remains ulouc as 
having more than half the force of those which combine 
also the data of superposition. Their use, in short, 
so far as relates to this question, viz. the relative anti- 
quity of deposits, lias ever been supplementary, not prin- 
cipal. But now uc are to take them as our chief guides. 

Among the older rocks, such an inquiry, conducted 
upon the evident c of organic remains alone, would 
have this advantage, the top of the series to he divided 
can be clearly defined in the vicinity, though the 
division may be arbitrary, and so of the base; hut 
in tertiary strata the base can hardly ever be seen, or 
even safely presumed to be ut all known, so many have 


been the dislocations preceding them, and so abrupt is Geology, 
their junction with the older strata; neither can their k'h. II. 
uppermost terms be often assigned from a neighbour- 
ing type, because the sea, whose bed is the upper- 
most term, has long since quitted the vicinity of the de- 
posits. 

While considering the organic remains of second- 
ary strata, the most successful analogies have always 
been established by referring to the nearest well known 
type, whether the object was to compare the fossils of 
identical or of different strata. Thus the fossils of 
Normandy present stronger analogies to those of the 
South of England than to those of Yorkshire ; the chalk 
of England and France produce a greater number of 
similar fossils than is common to the chalk of England 
and Sweden, &c. Also the true relation of the oolitic 
to the lias fossils is best deduced hy comparing them in 
the same district: the oolite of Dundry should he com- 
pared with the lias of Bath, rather than with the lias of 
Yorkshire or of the Western Islands. 

These truths are plain, but not unimportant. They Puqer 
lead directly to a particular mode of prosecuting the in- m««k» uf 
vestigation. For the identification of strata in distant 
deposits, we must compare them by intermediate terms; tlll ry siiatu 
for the determining of the relative antiquity of deposits, 
we must compare, if possible, the marine or fluviutilc 
organic remains which they contain with both the up- 
permost and lowermost terms of the series, as they occur 
in the vicinity. Now the uppermost term of this series 
is certuiuly no other than the productions of the neigh- 
bouring sea and lakes ; but the lowermost term is un- 
known, for the cretaceous system holds no tertiary 
fossils. We must therefore assume the lowest tenn, and 
because of the? great number of fossils which have been 
discovered in the calcaire grossier of Paris, this, the lowest 
really marine deposit of that region, may be chosen as 
such. If any strata should hereafter he discovered 
below Ibis stratum and above the chalk, their relative 
antiquity may be investigated upon the same principles, 
but the calcaire grossier will in such a case become the 
upper term, and perhaps the chalk the lower one. 

Whenever the inquiry can he prosecuted in agreement 
with these conditions, and the number of organic re- 
mains is considerable, the result may be trusted. The 
organic, remains of terrestrial animals can be useful only 
in comparing terrestrial deposit*, lacustrine animals for 
fresh -water deposits, and marine animals alone must be 
compared for marine deposits. 

Asa general upper term of the tertiary series, we are 
reduced to take the catalogue of existing mnrinfc produc- 
tions, mid we are compelled to reasoiron this, though in 
fact, through the uplifting of the bed of the sea in some 
parts, whole races of shells which were then peculiarly 
situated, (as, for example, a great number of shells in 
the Mediterranean and in the German Ocean now are,) 
were probably destroyed within a short period. In such 
a case the comparison of the fossils is made with u 
general catalogue indeed, but one from which many of 
their peculiar analogues have long since been erased, 
not hy gradual change from general physical causes, but 
by local events. 

May wc not apply this general argument to the case 
of the Vienna basin, as compared w'ith the siibapennine 
formations? Is not the former a whole desiccated gulf, 
ami the latter only the dried margin of a gulf? And 
should wc not in this case find the analogy of the fossil 
and recent tribes strong in Italy, and much fainter in 
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Geology,, the valley of the Danube, even though the deposits were 
Ch. II. of exactly the same age? 

' Again, if we were to ubstract from the catalogue of 
living shells with which we compare the crag of Eng- 
land, the shells of the Northern European Ocean, what 
would be the effect upon the numerical results of this 
comparison ! Instead of forty species in a hundred 
now identical with living forms, there would remain two; 
atid the crag would appear as little related to the existing 
Fauna of the general ocean as the London clay, which 
yet is very much more ancient, and, tried by the test of 
the neighbouring Fuuna, appears to he so. 

Lastly, it is to be noticed, that even when both the 
upper term and the lower term of the series is given 
from a neighbouring type, the application of the prin- 
ciple of the numerical analogy of species to* a variety of 
basins, for the purpose of ascertaining the relative an- 
tiquity of distant deposits, demands the admission that 
the variation of species, on whatever causes this effect 
depended, has been proportional always, and in all situa- 
tions, to the time elapsed. Should this be granted un- 
reservedly, without evidence or examination ? 

Such are a few of the difficulties in the way of de- 
termining, by comparison of organic remains with 
existing forms, the relative ages of the tertiary strata, 
and we are not aware that this open statement of them 
should incur the charge of inconsiderate objection. 
Long experience has proved to us the inestimable value 
of the legitimate deductions from the study of organic 
remLins with reference to their antiquity ; and it is not 
to check, but to secure the advances of Geologists in 
this the only avenue to the classification of tertiary strata, 
that the unknown conditions of the problem arc thus 
pressed upon their attention. 

Mr. IW Were the data upon which the further prosecution of 
b ’3 «■>'*» in- this subject depends not more accurate than those ^liich 
have been accumulated for the secondary rocks, the dc- 
,wl< termination of the age of tertiary strata ill distant 
basins, with such preliminary difficulties in the general 
reasoning, must have heeu indefinitely postponed. Hut, 
from various causes, the characters of tertiary shells have 
been long and carefully studied, and the determination 
of their species, inconsequence of their great number, 
perfect conservation, and decided general similitude to 
recent kinds, bus been successfully attempted by La- 
marck, Hrocchi, Sowerby, and other Conchologists. 
Hut it is to Desha) cs that the Science owes the most 
lasting* obligations of this nature. From the most ex- 
tended examination of shells both recent and fossil ever 
attempted, that eminent Conchologist has deduced the 
most valuable and consistent results which Geology has 
)et recehed from uny Naturalist, on the subject of the 
geographical distribution of fossil species, and the nu- 
merical ratio of identity between fossil and recent tribes. 
The Tables which he has constructed from this laborious 
investigation are given at length in Lyell's Principle of 
Geology , vol. iii. 

The orderof deductions in these pages being to a cer- 
tain degree different, we shall not copy those Tables, 
nor even the results in the way they are given, yet all 
the statements to be made here are based entirely on the 
data of Desh&yes. For the sukc of & common scale, 
ratios to one hundred will be introduced when useful. 
Land and fresh-water species are included, but ulti- 
mately, no doubt, they will be separated from the 
Tables of murine shells. 

The number of recent species examined by M* 

VOL. VI. 


Dcshayes, for the construction of his Tables, is 47SO ; of Geology, 
fossil species 303G ; together 7816* but 42G nf these <’l>. 11. 
were both recent and fossil ; the re loro the whole number 
of distinct species examined is 7390 ; and the ratio of 
the number of species which arc both recent and fossil 
is as 5.7 to 100. 

The proportions of univalve and bivalve shells were 
found thus: 


Living species 


(Univalves- 3010 

•••(Bivalves 1164 


Hallo to 1 1)0. 

75.6 
‘21 A 


Tertiary species • •{b!*.!*”* 


In those lists land and fresh-water shells are included 
to the number of 1165 recent, 250 fossil, of which 

Fresh- water specie . /}>•"(? •• »» 

1 ( Living univalves. 1 :i I fossil . . I T> t 

Land npicics Living 1 19G fossil . . 78 

The fossils nrq> grouped by Dcshayes under the fol- Tertiary 
lowing pi iucipul localities ami living 

1st Division. — Paris, London, Hunts. Valognes, Belgium. The "l' 4 **' 14 '* 
fossils of Castel (soinhertn and Pauline are cons' dm rl the 1 om|i«m.d. 
same, nearly, us those of Paris. 

2d Division. — Bourdeaux und Dux, Tmirnine, Turin, Baden, 

Vienna, Augers, Kouca. The fossils of Moraxiu, llimg.tr), 

Cracovin, Yolhyni*, Podolia, und Transylvairu are romndeied 
the same, with very few exceptions, us those of \ lenna and 
linden. 

3d Division. — Italy, Sicily, the Crug. The fossils of Perpignan 
and the Morca are considered the same, with tlueo or lo'-u 
exceptions, as thoso of Italy. 

Kill in of living 
»l>« clen lu 100. 

Bourdeaux and Dax. 594 136 ‘22.9 

Italy 569 ‘238 41.8 

Valognetf 332 

Tourainc 298 68 22.7 

London 239 12 5.0 

Sicily 226 216 95.1 

Angers 166 25 15.0 

Vienna 124 35 28.2 

Crag Ill 45 40.1 

Baden 99 26 26.2 

Turin 97 17 17.5 

Belgium 49 

Kouca 40 3 7.5 

Arranging these approximate results in the order of 
their ratios we shall have a descending series of uimlo 
gies from the Sicilian deposits to the Paris basin. 

Thus the analogy of fossil suedes to the living spe • 
cies is. 


? A ,c i Iy a ? * a l Allied to existing species in ^ 4q 4rt 10/ , 

aj.:::::::::;:: JJ:?j «-«—•> of * 9 

Vienna 28.2 

Baden 26.2 

Bourdeaux and Dax 22 . 9 

Touraiue 22.7* Ditto ••••.«*••».». 18 to 100 

Turin 17.5 

Angers 15.0 

Kouca 7.5^ 

London 5.0* 

Paris... 3.4 

Belgium, Va.-i ,pj tlo 3| to i00 

loguesj Cast el I none 
(lomberto, andf slated. 

Pauline J 

In consequence of this comparison, M. Dfshayes 
makes three groups of the tertiary scries, according to 
the ratio of their analogy to existing kinds, as expressed 

4 u 


Ditto 3| to i(W 
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niogy. by the brackets above, and Mr. Lyell, from independent 
l». II. researches of a lesif extended character, was led to form 
the same scale of analogies, and, moreover, to separate 
the Sicilian fossils as still more recent than the others. 
He therefore divides the most recent group into two, 
ami calls them newer and older pleioceue, (or pliocene,) 
the middle group he calls meiocenc, (or miocene,) and 
the oldest group he calls eocene, as before explained. 

Criticism on this scale of analogy would be at pre- 
sent wholly premature, and perhaps not respectful to 
the eminent Naturalist whose extraordinary knowledge 
and diligence have presented us with these most beauti- 
ful aud impressive results. It appears to deserve re- 
mark, however, that the inland situations of the Vienna 
and Haden tertiaiies may unfavourably influence (he 
comparison for the fossils in these localities, from I he 
causes before stated; and, perhaps, it may appear, it 
that circumsfanee could be properly compensated, that 
these localities should be removed from their association 
with Bourdcaux; and joined to the subapeiinine depo- 
sits, according to what seems to have been the inference 
of the observers on the spot. 

IM.it in a of The subject may be contemplated in another point of 

tunny view; instead of inferring the relation of the fossil shells 
tM*!. m tht h> one common upper term, viz. the shells of the actual 
seas, they may be compared to what has been assumed 
IVius; as the lowest term of the series, the basin of Paris. 

Because of the very great and admitted resemblance of 
the shells of Paris, London, Valognes, and Belgium, 
these may be grouped together, and we shall have the 
lowest tertiary epoch yet clearly made out represented 
bv 1238 species, of which 42 are recent, aud 46 are 
found in the deposits above them. 

Ratio to 100. 

SlulUi*f^bumleaux vrhich 27 are also Parisian, 4.6 nearly. 



, 29ft . . . 

... H 

2.6 

Angers 

. 166 ... 

... 7 

4.2 

Vienna 

124 ... 

... 3 

2.4 


, 99 . . . 

o 

2 0 

Turin 

. 97 ... 

. . . 7 


I^IIWVI t 

40 . . 

. . 10 

25.0 

Sicily. Italy, 
the Ci.tg. . . 


... 4 

....... 0,6 


From this r,, nhle wc have the following scale for com- 
parison with that previously given, the analogies to the 
Parisian foimatioit increasing downwards. 

SumIj, Italy, the Crag antilogy 0.6 


Jtadm 

2.0 

Vicuna 

2.1 

Ton mine 

2.6 

Anther* - 

.. .42 

Bourdcaux and Dax. 

4.6 

Turin 

7.0 

Ilmira 

25.0 


The accordance of the two scales is very remarkable, 
and by both of them Ronca, as Deshaycs conjectured, ap- 
pears to demand a place in the Parisian group. Vienna, 
Bad. n, and Tom nine here appear loss related to the IV 
lisiaii group. 

t.» il.oso uf The relation of the Touraine fossils and the Bourdcaux 
r ui.u u> and T)ax fossils to the siihapcnninc formations appears 
>1 U .\. lo i, e almost exactly the same ; their relation to living 
types is also almost exactly the same. It is therefore 
evident that these beds may be joined together to make 
a new common term. We shall then have 743 species, 
and the analogy to this common term is for 

Vienna S3 . ft 

13u<l«n 49.5 


Turin 47.4 Geology 

Angios 30.7 Ch. 11. 

Suba.unuiiuj 22.7 

Parisian epoch 4.0 

The analogy of the 

Vienna arul sulmpennin* fossils is. . 40 


Turin anil suhapenniitu 29 

Bourdcaux anil subapciiniiie 22.5 


Touraine anil subapeiinine 23.4 

The general result of these numerical comparisons General 
would seem to give the following scale of antiquity rcbults. 
amongst the several deposits. 

Lyull'aName. 

Sicilian deposits. 1 Newer pleiocene. 1 p . . 

Crag Subapemiitie deposits. J Older pleioeene. j“ wocen ®« 

Vienna beds. | 

Touraine Bourdcaux and Dax Baden— —Turin. >Meioceue. 

Angers. J 

Tlio Parisian unci London deposits. Eocene. 

Having thus shown from M. Deshayes’s data, the origin 
of the groups which he uses, and of the names of Mr. 

Lyell, we may present the following general results of 
the investigation of thotfe authors, and refer to them- 
selves for abundance of further information. 

Eocene, or Parisian period. This should perhaps be 
considered as strictly applicable to the lower marine 
formation of the Paris basin, because it is almost wholly 
on the shells of that formation that the classification is 


founded. 

Number of species of shells of this period 1238 

Number uf species ulso found in the muiocene period. . 66 

Number uf species also found in the meiocene and in 
the pleiocene period, and which may therefore he 
considered as characteristic of the whole tertiary 

system 17 

Number of species identical with living kinds 42 

Mriocrne Period. 

Number of species of shells 1155 

Number of species common to the meioeenu and the 

two other epochs <134 

Real uiiiiihei of **pecies of this period 1021 

Number of species also found in the pleiocene period. . 196 

Number of species identical with living kinds 176 

Pleiocene Period. 

Number of species of shells 777 

Number of species identical with living kinds 350 

Whole number of species of shells of the tertiary system 3036 


Names of the seventeen shells which are characteristic 
of the tertiury system. 

Dentalium conrctatum. 

Four extinct or unknown Tornatclla infiata. 
in a recent state ...... Bulimus terebellatus. 

, Corbula complan&ta. 

' Dentalium entitle. 

stianguliitum. 

Fissurella groca. 

Bulla hgnaria. 

RUsoa cochlearia. 

Murex fistulosus. 

Thirteen still living tubifer. 

Poly movphi nil gibha, 

Triloculioa oblouga. 

Lucina divstricata. 

gibbosula. 

Isocardia cor. 

. Nucula morgaritacea. 

Organic Remain* of the Tertiary Strata. 

Tiie statement previously made that M. Deshayes has 
himself examined 3036 species of tertiary fossils, must 
be a sufficient reason for not following in respect ot 
these strata the plan adopted for the less numerous 
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^‘£ lo Py- organic remains of the secondary and primary rocks. 

V . II. There is indeed not the same inducement or utility in 
such extended lists of tertiury fossils. They would not 
add any thing to the knowledge of periods given by the 
investigation which we have just ended, and the general 
resemblance in tertiary fossils of all ages and localities is 
too great to confer any particular interest on the enume- 
ration of species. There is, probably, no more remark- 
able statement in any Science, than that of all the 3036 
species of tertiary shells, not one should be found in 
any of the older strata. This statement could ouly be 
made and can only be verified by a skilful Conchologist ; 
but the eye least practised in such observations can re- 
cognise the same proposition in another form. Many of 
the tertiary genera of fossil shells, and especially those 
which predominate in these strata, are either utterly 
unknown or very seldom seen in secondary strata, and 
thus whole tribes of shells are instantaneously pointed 
out, by one who is no Conchologist, as tertiary fossils. 

The most useful lists of tertiary fossils will be such 
as arc capable of direct comparison on leading points 
with catalogues formerly given for the secondary rocks. 
For this, the generic name and number of species must 
in general suffice. The murine deposits should he sepa- 
rated from those of fresh-water. The numbers of the 
species of shells are taken from Deshayes’s Tables. The 
remainder from Brongniart, Tableau den Terrains. 


Marbie Deposits . 

Plants, from M. Adolphe Brongniart. 


A garni a. 

Speclei. 

Confervites 2 

Fucoidei ........ 11 

Cryptoganua. 

Kijuisetum 1 

Ta»iiiopterifl 1 

Phancroyamia Gymnosprrmia . 
Pinus 2 

Phancroyamia Monocot ylcdonca. 

Cauhnites 1 

Zosterites 2 


Phancroyamia Monocot yicdonca. 

‘ Speciei. 

Potamophyllitcs ... 1 

Flabellaria 1 

Ant ho! i the* 2 

Culm it e« * 2 

Phaneroganua Dico/ylodonfa . 

Kxogenitea • 1 

Phyllites 7 

JuglaiM. . 1 

Carpolithei 1 


Polyparia, chiefly from Brongniart and Goldfuss. 


Caryophyllia 1 

Turbinolia 4 

Afttrea 2 

Fungia 1 

Madrepora 1 

Flustra 1 

Orbituliten 1 

Dactylopora ...... 1 

Polytripea elongata 1 


Ksclmra. . 
Ovulites ... 
Lunulites. . . 
Alveolites . . 
Favorite* . . . 

I«ca 

Iain 

Glauconome 


Radiaria. 


Echinus 1 Nucleolitei 

Sctitella 3 Galeriteg • 

Clypcaater 9 Spatangui. 

Cassidulus . . . 2 Asteriug .. 


1 

1 

3 
1 
1 
1 

2 

4 


1 

2 

4 

I 


Articulated Animals . 
Crustacea. 

AleU'cyclus. ... 1 Falinurus , 

Leucosia 1 Sphoroma 

Inachit! ... ... 1 

Annulosa. 

SerpuU ... 4 Spirotfcts . , 

ClRRIPEDA. 

Balanus 5 Pyrgoma. < 


1 

1 


I 

I 


Molluscous Animals. 
Conch ifera. 

/ ‘ iugytnyona . 


Aspergillum , 
Clavngella . , 


Fistulana .. . 

Solen 

Pholudomyu 


Mya 

Thracia 

Homicyclostoru, 


Mesoilesma, 
Kry cina. . . . 


Aniphidcsma. 


Saxicuvn . . . 


Sanguinolaria . . . 


Pem.i . 


peclrt. 


Specie* 

1 

pHammobia . . . . 

4 

9 

lN.uimiutoi . • • . 

1 

2 

Tclliun 

54 

5 

Cm bia 

2 

9 

Liicma 

59 

7 

])on.\x 

15 

19 

Astute 

19 

1 

Cypiiuu 

7 

3 

Cy there a 

r>9 

5 

Venus 

4i 

4 

Wnericuuli.i . . 

50 

2 

t'anliiun 

39 

6 

Cypiii ardi.i ... 

7 

14 

Bocnrdia 

3 

7 

CurullaMi . . . . . 

2 

23 

Area 

54 

24 

PeciuuculuM . . . 

27 

1 

Nucula 

23 

35 

Umo 

2 

3 

Anodontu 

| 

11 

Clmmu 

20 

10 

Tridacua 

2 

6 

IVlodiola. ...... 

21 

2 

Mytilud 

15 

Mesomyomi. 


. 3 

Ciryphva 

... 3 

. 4 

Ostrca. ....... 

... 72 

. 5 

limniteN ..... 

... 4 

. 13 

Vulsella. ...... 

.... I 


Lima 

Pencil CO 

PI teat ula 7 

Spondylu* 9 

Brachwpoihi. 

Crania 3 Thecidia 

Turcbratula 18 

rtcropoda. 

Hyalsa ..••••••« 2 Cleodora 

Gasteropoda . 

Chiton 

Dentalium . . • 

Patella ..... 

U rubella .... 

ParmoyhiluB 
Kmarginula . 

Fissurella . . . 

Pileopris . . . 

Hippmivx . . , 

Crepidula .... 

Cttlyptrwa . , 

Bullsa 

Bulla 

Pileolus 

Neritina .... 

Nerita 

Natira 

Sigaretus . . • 

Stomatclla , . 

Haliotia 

Tornatella. . . 

Pyramidella ...... 8 

New genus 1 

Vermetui I 

Siliquada 6 

Sealant. 22 

Driphinula ....... IS 

Solarium 16 

Omalaxon 6 

Trochui 70 

Pleurotomaria . • • • • 1 

® 

Turba 34 

Littorina 10 

Planaxis » 

Phasianella 4 


PlflCUIIU. 1 

Alumna 8 


1 

Turritella . . . 

45 

34 

Proto 

4 

10 

CViithimn . . . 

220 

1 

Trifoiin 

.... 2 

2 

Plvurotoma 

... .136 

11 

Turbincllud . 

.... 3 

8 

Can cell aria . . 

.... 42 

6 

Fasciolariu .. 

.... 5 

12 

Fustis 

....111 

3 

Pyrula 

.... 21 

15 

Stmthiolaria. 

.... 1 

2 

Kanella ..... 

.... 8 

23 

Mure* 

.... 89 

2 

Triton 

.... 25 

17 

Rotriellurit . . 

.... 8 

16 

Stroinhii* . . . 

.... 9 

41 

Caariduria . . 

.... 8 

4 

CawsiN 

.... 15 

1 

Ricmula .... 

.... 1 

1 

Purpura 

.... 4 

11 

Monoceroa. . . 

.... 1 


4 c 2 


Harp* 2 

Dolium I 

Buccinum 9.1 

Terebra 16 

Columbella 4 

Mitra 66 

Volute 32 

Margmel la 17 

Volvuna 2 

Ovula 6 

Cyprna 19 

Oliva 13 

Ancill&ritt 9 

Terebellura 2 

ConuH 49 


Geology. 
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Cephalopoda « 

Species. Specie#. 

Beloptera 1 50 other genera in- 1 ^ i 

Sepiostcra 1 eluding 

Nautilus 4 No belemnites, ammonite", ha- 

Nodoisaria 21 mites, scuphitcs, turrilites, & c 

Fishes. 

Of fishes it is estimated that 100 species belong to 
the marine tertiaries. 

Of reptiles there are 6 crocodiles, 5 trionyx, 4 emys, 
1 test udo. 

Of cetacea ; lamantin, delphimis 4 species, xiphius 
phinirnstris, baluma, Lin., 2 species. 

Of other mammalia, phoca, trichlecus. 

General Summary . 

2975 species. 


Pulypuna 27 

Kaumriii 23 

Crustacea 5 

Annnlosa 5 

('irripuda fi 

C\»mrlii/eia plugyinyona 736 


36 species. 


Pteropodii. 


plugyinyona 7.16 1 

inesomyona 190 > 

hrachiopoda 22 J 


Gasteropoda holustomata ....... 469 \ 

solenostomatu. 1066) 

Cephalopoda 259 

Vince a 100 

Kept'iVta 16 

Cetacea 8 

Other Mammalia 2 


27 47 molluscs. 


Lacustrine Tertiaries . 


'Ilieir age 
to he in- 
ferred hum 
the remains 
of utpmtic 
race*. 


As the marine shells afford the best or rather the 
only grounds for plausible deductions concerning the re- 
lative ages of the tertiary strata deposited from the sea, so 
the fresh-water shells and laud shells must be employed 
to indicate the relative age of the many lacustrine deposits 
which diversify the tertiary districts, and cannot always, 
by any rule of superposition, be referred to either of the 
lacustrine deposits of Paris. In this research the plants 
also yield highly vuluable evidence, but the land mamma- 
lia found with them ought surely to be excluded from 


cumstanccs of these different lakes are unlike, the de- Geology, 
posits in them may be related neither by similarity of Ch.II. 
order, nor identity of composition, but it is probable that v “* "v**-' 
some analogy will be traceable in their organic remains. 

In the basin of Paris, gypsum occurs only in the 
lower fresh- water deposit, yet the gypsiferous fresh-water 
deposit of Auvergne, is supposed by Bronguiart to be 
of the age of the upper fresh-water deposits. 

The Iresh-water district of central France occupies (Vnlral 
considerable tracts along the lines of the Loire and the France. 
Allier, and is extended Northwards on the latter river, so 
as to approach towards the proper basin of Paris. The 
interesting phenomena presented by these deposits, where 
they have been subjected to volcanic agency about Cler- 
mont, the Cantal, and Puy in Velay, will be mentioned 
hereafter. Along the Allier, granite is the general 
basis of the fresh-water strata, winch consist of sandstone 
and conglomerate, containing pebbles of all the primary 
rock9 of the vicinity, but not of the volcanic rocks. 

Above these are green and white very finely foliated 
marls, fhll of the small bivalve crustaceous shells of cy- 
pris ; thin tufaceous limestones, sometimes full of the 
larva — cases of phryganida* ; and the highest group of 
all in a lew places is composed of gypseous marls. The 
most singular fact mentioned by Messrs. LyeW and Mur- 
chison, in their description of this country, is the remark- 
able condition of two of these groups. The lowest con- 
glomerate series puts on almost exactly the appearance of 
the Englishold red sandstone, with its purple and green 
spotted marls, and even its nodular limestone or corn- 
stone ; and the limestone in the upper part of the series 
actually becomes oolitic at Vichy and Gannat, and yields 
a building stone like that of Bath, and of equal beauty ; 
soft iti the quarry, but gathering hardne>s by exposure. 

With what astonishment would the Geologist, acquainted 
with the fossils of the English oolite, gather in this oo- 
lite of Gannat, land shells and bones of quadrupeds, like 
those of the gypsum of Montmartre ! 

The lacustrine formation of the Cantal, rests in the 
same manner upon primary rocks, with sandy and gra- 
velly beds below, gypsiferous marls, beds of flint and 
limestone above. This fresh-water limestone, and its ae- 


the data which arc to determine the age of the lacustrine 
sediments; because the changes of their races may, for 
ought we know at present, have been governed by 
wholly different conditions from those which affected the 
fresh-water or land shells and plants. Indeed, the case 
of shelly and osseous marl at Market Weighton, as well 
as every peat hog containing the Irish elk, proves that 
this suggestion is well founded. The era of the qua- 
drupeds is to be determined from that of the lakes, not 
assumed to help out the deficient evidence concerning 
these latter. 

A few cases, selected from the great number of tertiary 
lacustrine deposits, for the sake of some peculiar facts 
which they display, may now be introduced, to illus- 
trate tin condition^or the surfnee of the land during the 
tertiary epoch. In general it is to l>e observed that, just 
us at the present day lukes sometimes occur on certain 
streams, in several parts of the valley, ul different heights 
above the sea, and spread their waters over the Jura 
limestone, chalk, tertiaries, or primary strata, according 
to the nature of the country, so it was in the older time ; 
and no criterion of the age of a fresh-.watcr deposit is to 
be drawn from the marine nature of the strata on which 
it rests beyond the mere inference that it was posterior 
to such strata. If, us must frequently happen, the cir- 


coinpnnying flints, are described by Mr. Lycll as possess- 
ing a strong resemblance in mode of arrangement to the 
marine chalk and flint ; the flint of the fresh wutcr, black 
within, while without, and undergoing the same changes 
of superficial colour on exposure as the chalk flints of 
England. 

"The same Geologists have been very successful in Provence, 
tracing the fresh-water deposits of Aix in Provence, 
which have yielded a large number of fossil insects, 
some fishes, and land plants of existing genera. M. 

De Scrres also has described this locality, and studied 
the insects with attention. The general basis of the 
Aix tertiaries, is a rock of the oolitic system, inclined and 
contorted in position, with gryphasa, beleninitcs, and 
ammonites. The lacustriue deposits arc in the lower 
part a series of carboniferous limestones and shale, with 
stony bituminous coal in several seams which altogether 
amount to five feet in thickness. The limestoue is com- 
pact, grey, blue, and black, and resembles the mountain 
limestone of England. Fresh-water shells (cyclades, 
melanin, planorbis uuio) accompany these beds, ami 
gyrogouites are foOtid in the coal itself. Micaceous 
sandstones and shales, with earthy limestone and lim- 
nca>, come on above ; and these are succeeded by red 
marl and fibrous gypsum, also characterised by the pre- 
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aence of limnere and planorbes. Under and above 
the town of Aix, the upper series of the basin is observed 
to consist of red sandstone and conglomerate, covered 
by white aud piuk-coloured marlstone mid marl ; and 
above all is a triple succession of gypsum and marls, over- 
laid by white calcareous marls and marlstone, with cal- 
careo-silicious millstone and resinous flint, containing 
land and lake shells. It is in these beds that the fossil 
fish occur abundantly, and leaves and brunches of flu- 
bellaria, laurus, buxus, &c. are found. The insects are 
obtained from a parting in the upper gypseous beds. 
They are, with one exception, nil land insects; and from 
the united testimony of M. De Serres and Mr. Curtis, re- 
ferable or nearly related to existing genera, principally of 
the orders diptera and bemiptera, some coleoptera and 
hymcnoptcra, but only one lepidopterous insect : sixty-two 
genera are particularly enumerated by M. De Serres. 
May we not compare this curious and as yet almost unique 
fact in tertiary Geology to the collection of insects, leaves, 
and branches, which, when swept down by Spring or 
Summer floods, affords arid) harvest to the Entomologist 
on the borders of the rivers in the North of England ? 

Tlic limestone quarries of G^ningcn, near Scliaff- 
hausen, have long been celebrated for abundance of 
mammalia, birds, reptiles, fishes, insects, and plants, iden- 
tical or very similar to existing kinds. The section of 
the whole deposit is given by Mr. Murchison, who brought 
front this locality, in 1828, one of the most remarkublc 
fossils which has ever been found — the entire and con- 
nected skeleton of a fox. The upper quarries offer a 
section of thirty feet, the beds changing downwards from 
brown clay into cream-coloured indurated marl, and 
afterward into a fissile fetid marlstone, containing 
flattened shells of planorbis, small limncrc, and cy- 
prides ; to these succeeds light-coloured, fetid, calcareous 
building stone, beneath which is a finely lamyiutcd 
bed, containing insects, cypris, shells of anodon, and 
many plants ; then follow two thin beds of fetid lime- 
stone, in the upper of which a large tortoise was found, 
and in the lower one the fox. Below are slaty marls 
and marlstoncs, limestone, and building stone, with a 
repetition of finely laniinattd luyers of marl, with plants 
and fishes ; the general base is the molasse of Swiss- 
crland. Excepting this fox, which is very much allied to 
the common fox of Europe, all the other qtiudnqieds 
found here are rodentia. The insects and plants belong 
to European genera. 

These descriptions of some of the most interesting 
lacustrine deposits, will render it unnecessary to particu- 
larize other numerous cases in Swissciland, Germany, 
Hungary, Italy, and Spain, which present nearly the 
same phenomena, and appear to occupy the whole 
interval of time from the lower fresh- water formation of 
Paris to the diluvial era, and to be represented by an 
equally continuous series of detached desiccated lakes 
from that era to the present time. 

There is, however, another kind of fresh- water de- 
posit which requires a short notice. Lignite, or wood 
coul, has long been known in France, in connection with 
the plastic clay group and other more recent strata, 
and also in the Isle of Wight. The same kind of car- 
bonaceous deposit is of value in the molasse of Swisser- 
lund.and very extensively spread over the North of Ger- 
many, and in the Valley of the Rhine; it also iuterla- 
minntes extensively the marine tertiuries of the busin of 
Vienna and the border of the Carpathians : lignitic coal 
has therefore been considered as even peculiar to the 


tertiary era. This is not quite correct, yet the gene- Geology, 
rulization is ol more importance than perhaps we may 1 
at present perceive. 

The whole mass of these lignites is made up of laud 
plants, mostly or wholly of dicotyledonous tubes, and 
they arc accompanied by marls, laud and fresh-water 
shells, and, in places, by the bones of paloothcriu, nnthra- 
cotheria, beaver, Ac. The fixing of their relative age is 
hardly possible by evidence drawn from tl)omscl\cs 
alone, for the shells and plants are few, and the quadru- 
pedal remains very local. If wc attempt to fix their 
date by that of the marine strata which they divide, the 
uncertainty of the latter datum must, in a great nua- 
sure at present, frustrate the attempt. Perhaps t In- 
most recent deposit of this kind mentioned on the (\>n- 
tineiit, is that described by l)e Beaumont as associated 
with the older diluvium, as it has been considered, 
which that author ascribes to the uplifting of the West- 
ern Alps. Tin’s deposit bears marks of slow and tran- 
quil accumulation in a lake, contains planorbes in the 
laycis of clay which alternate with it, and sometimes 
shows us many as four beds ; it rests on and is covered 
by pebbles, which indicate violent watery action. 

It is highly probable that lignite has been funned at 
many periods, aud that deposits of this kind will be 
found at intervals from the plastic day, through the di- 
luvial gravel and clays to the modern alluvial pent bogs, 
which they so much resemble in alternation aud repe- 
tition of materials, paucity of shells, occasional occur- 
rence of quadrupedal remains, and almost every obvious 
circumstance. 

Bovcy Tracey, in Devonshire, is the only locality in Lignite of 
England where tertiary lignites are worth working ; the liovey 
exact Geological age of this deposit is not known at pre- Tracey, 
sent. Pipe-clay of some value lies with it. Dr. Miiler, 
in the Phil. Trans, vol. li. describes this deposit in a 
very interesting manner. The whole series dips to the 
South about twenty inches in a fathom. The perpen- 
dicular thickness of these strata, including the beds of 
clay with which they arc intermixed, is about seventy 
feet. There are about six of each, and they are found 
to continue Eastward, in an uninterrupted course, to the 
village of Little Bovcy, a mile distunt, ami probably 
much further. The strata of coul, near the surface, are 
from eighteen inches to four feet thick, and are sepa- 
rated by beds of brownish clay, nearly of the same 
dimensions, but diminishing in thickness down wards, 
in proportion as the stratu of coal grow larger; und 
both are observed to be of a more compact and solid 
substance in (lie lower beds. The lowermost stratum of 
coul is sixteen feet thick ; it lies on a bed of clay, under 
which is a sharp green sand of seventeen feet thick, and 
under that a bed of liurd coarse clay, into which they 
have bored but found no coal. From the sand arises a 
spring of clear blue water, which the miners call tnmidic 
water, and a water of the same kind, trickling through 
the crevices of the coal, tinges the outside of it with a 
blue cast. (Phosphate ol iron.) 

Amongst the clay, but adhering to the coal, arc found 
lumps of a brig) it yellow loam, which burn with an 
agreeable scent, (Rctimisphult.) Some ol' the coal is 
black, and nearly as heavy ns pit coal ; this is called 
stone coul ; but Site most remarkublc sort resembles 
wood in the grain and appearance so much us to be 
called wood or board coal. Some plants like grass and 
reeds lie in the alternating clays, which are in part 
carbonaceous. 



686 


GEOLOGY, 


(veulogy. 
Ch. 11. 


3 to 14 fath. 


The fallowing section of the Meissner by M. Ilerndes- 
hugen ( Leonhard Tascfwnbuch % 1817) gives the ino9t 
usual relations of the brown coal und basalt of that cele- 
brated locality. 

1 . PiunnuTfle. 

2. Greenstone aiul basalt, 50 to 80 fathoms 300 to 480 feet 

3. Kchwiil, (blind coal,) a bituminous laminated 

clay, hardly to be distinguished from 

true coal 4 to 5 feet. 

4. Knhlcuftdr M in all 3 to 14 fathoms thick, viz. 

a. Srangenkohle (prismatined). . Mo 4 fr.. . . 

b. f-tluuxkohlu (*i>. gr. 1 430) . . 3 !•> IS ft . . 

e. l’echkohle (up. gr. 1.31C) ... 3 in. to 3^ft. 
tl. Brownish black (sp. gr.l.259j 3 to 1 ft. ... 
r Light brown light coal (sp. gr. 

1.230) 4 to 8 fath.. 

f. Fossil wood, called stock work 6 in. to 4 ft. 

5. Licgcndi', (sill or sole of the coal,) sp. gr. 2.545 

6. Tnehsand 4 fathom. 

7. Blue marl, on the Fast of the mountain, with 

gypsum 10 to 15 fath. 

8. More or levs friable sandstone 1 fathom, then 

■iiMilvtoiie to the foot of the mountain on 
the Hast side, but on the West side inua- 
rhelkalk . 

Organic Rcmmins of Lacmtrint Tertiaries. 
Plants from M. Adolphe Brogniart 

A garni*. 

Cryptogamia cellulasa. 

Musettes Toumalii Armissan near Narbonne. 

sipiamatus • • Longjumeau near Paris. 

Crypt, vasculosa. 

Kijuisct. hrachyodon Armissan. 

Filicitcs polybotrya Ditto. 

Lycopodites vquainosus .... Paris. 

Chara Lernani St. Ouon near Paris. 

tuberculosa Isle of Wight. 

me-licoKinul. plri/’ 

hcUcteres Pleurs, Department do l’Aisne. 

Phanerag. gymnonperma. 

Pi nus pseudostrohua ....... Armissan. 

Taxites Toumalii Ditto. 

Phaneroif. monocotyledons*. 

Smilacites hustuta Ditto. 

Flabellaria Lamanonii. .... Aix en Provence. 

Kndogenites Montmartre. 

Poaciics Aix. 

Phuncrog . dicotyledons*. 

Coroptonia dryundricfolia. • . Armissan 

Betula dryadum Ditto. 

(larpinus macroptera Ditto. 

Phy Hites lwvigata Aiz, Armissan, Pavia, &c. 

Geslini Aiz. 

Nymph® a uiethusa Longjumeau. 

? Culmites anomalus Ditto. 

Carpolithes thalictroides. • . . Ditto, Isle of Wight. 

ovubun Longjumeau. 

Ezogenites Pulaiseau. 

CONCHIFERA. 

Unio Solandri, Sow Isle of Wight, Herd well. 

Cyclas Aiz en Provence. 

Anodonta Lavateri GSniugcu. 

My? ? . grcgnri.i, Sow Headon Hill. 

Corbula nitida, Sow Isle of Wight. 

Cyrcna ptilchra P Hampstead Bay ; Skye. 

Mytilu* Brardii, Sow. ..... Hordwell. 

Mollusca. 

Gasteropoda, 

Flanorbii rotundatus, Sow. . . . Paris, Salinelle, (Gard,) Quereey. 

cornu Paris. 

euoinphulus. Sow. • • • • Isle of Wi^bt. 

Y provost inus Ditto, Pans. 


Plauorbis prominens. Salinelle. 

cornpressus Ditto. 

lens Isle of Wight, Paris. 

cylindncus, Sow Isle of Wight. 

Limuea fusiformis, Sow Headon Hill. 

minima, Sow Ditto. 

maxima, Sow Bifiatead. 

lougisrata, Lam Headon. 

pyramidal is, Sow. . .... Ditto. 

columolUris, Sow Honlwell. 

cornea Pane, Colie en Siennois. 

fabuhim Paris. 

ventricosa Ditto, Bruere. (Cher.) 

infUta Bruere. 

cylimlruH Duto. 

strigosa Lc Lode near NeufcheteL 

elongata Paris. 

acuminata Ditto. 

nqualis. Sul i nolle. 

py grama Ditto. 

ovum Paris. 

Paludiua affiuis. ............ Saliuelle. 

impure Quercy. 

Hammeri hie of Wight, Bouxweiler. 

cariuata Pans. 

Ancylus elegaus Hordwell. 

deperditus Salinelle. 

Mrlaoia f.iNci.ita Isle of Wight. 

Mclanupsis cariuata Newport, l«le of Wight. 

brevis Hordwell, &c. 

Phasianolla orbicularis ...... Shalcomb, Isle of Wight. 

angulosa ••••••• Ditto. 

minutu Ditto. 

„ , T [Paris, Aurillac, Nonette, uca 

Potomidura Laraarcku • < I sane re 

acutum Isle of W iglit. 

ventricosum Ditto. 

Indusia tubulutaP Mouiins, Auvergne, Colle. 

Cyclostoma truncutum ....... Paris, Carnet in. 

elegans antiquum . . . Paris. 

miunia Ditto. 

Helix globosA Shalcombe, Isle of Wight. 

Lernani Paris. 

Dcsmarcstina Ditto. 

"Rauumdii Orleans, Auvergne. 

Cocqui Ditto, ditto. 

Bulimus pyginnus .......... Paris. 

terebra Ditto. 

atoraus Paris, Le Puy. 

pusillus Ditto. 

Pupa Defrancii 1 Paris and Auvergne, 

rautcorum J in a pipenne. 

Araciinioa, Insecta, &c. 

Aranea Aix en Provence. 

Phry mis. 

Coleopt. Dytiscus. 

Staphyliuus. 

Buprestis. 

Melolontha. 

Curculionidee 10 

Trogosita. 

Ilylophagid® 5 

Orthoptera 0 

llemiptera 20 

Neuroptera Libellulidse. 

Hymenoptera ........... 8 

Lipidoptera 8 

Diptera 15 # 

Fisiibs. 

Mugil cephalus Aix in Provence. 

Perea rainuta Ditto and Paris. 

Cyprians squumosus Ditto, ditto. 

bipunctatus (Eniugeu. 

jises Ditto. 

capita Ditto. 

inmutus Paris. 

ictus Rochesaura. (Aideche.) 

tinea . , • Cadis. 
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Ch. il. Anurmurus macrolepidotua ... Ditto. 

v j E«ox (Enin geu. 

A mi a ignota Ditto. 

Reptiles. 

Crocodilus gypsorum, Cuv. . . . Paris, analogous to alligator. 

Argeutoni, Ciiv Argon ton, ditto. 

Sa’amandra gigantea (Eningen. 

Triton palustria Ditto. 

Rana Ditto. 

Trionyx gypsorum, Cuv Paris. 

Maunoir Aix and Paris. 

{ La Grave, L’Agenois,LeQuercy, 
Haute Vignc, (in Lot and Ga- 
ronne,) Cartel naud. 

Emys gypsorum, Cuv Paris. 

Testudo of Aix Aix. 


Several species , 


Birds. 

, . . Paris, Auvergne, (Eningen. 


Mammalia. 


u , ... (Paris, La Grave. Dordogne, (also 

P.lsDothcnum magnum { i a i a ’ u nvij>t.j 

medium Ditto. 

cruHSiim Ditto. 

latum Ditto. 

minus La Grave, Paris. 

minimum Paris. 

aurelianense Oilcans. 

Isselanuin InniI near St. Papoul. 

* , .. . (Paris, (also 11 instead. Isle of 

Annplothertum commune . . . . j Wight ) 

seciindaiium Paris. 

Xi plosion gracile Ditto. 

Dichobuncs h'porinus Ditto. 

muriiins Ditto. 

oldiqiiiis Ditto. 

Ch.i’ropnt.uniis Pansiensig .*. . . Ditto. 

Anthracother vcl.uiniiin Puy on Velay. 

x 1*1 (Argenton, Issel, Soisson, Gannat, 

Lopliiodoii major { Montubuwwd. 

sccimdarius Argeutun. 

minor Paris. 

pygmeus Ditto. 

maxnmis Bastlierg, near Bourwoilcr. 

secundiis Hast berg. 

Monspclicusis Bouton net, Montpelier. 

quintus Argenton. 

Canis Parisicnsis Paris. 

Vutpcs (Euingou. 

Genet to den Platrieres Paris. 

Cnati des Plat Ditto. 

Didelph. Parisiensis Ditto. 

Ecureuil des Plat Ditto. 

Loir des Plat • Ditto. 

second Ditto. 

Lignitic Tertiaries. 

Plants. (No marine.) 

Coni/rrce. 

PinuB sphicrocarpa Erxleben near Helmstodt 

oruata Walch in Bohemia. 

familiaris Triblitx in Bohemia. 

Taxites acicularis • The Meissner. 

tenui folia Comotbau in Bohemia. 

diversifolia Cossel. 

Langsdorfii Nidda near Frankfort. 

Juniperites brevifolia ..•••••. Comotbau. 

acutifolia Ditto. 

? aliena Schmetzna in Bohemia. 

Thuya gracilis Comotbau. 

Langsdorfii Nidda. 

graminea Peruts. (Bohemia.) 

Naiad a*. 

Pot amophy llites multinervis . . • Mont Rouge near Paris. 

Palmar. 

lnlmacites echinatus Wnilly near Soissons. 


Flabellsria raplufulia (Ha*rmg in Tyrol, Lausanne, Vi- Geology. 

. 1 nncourt near Anuens. Ch. II. 

1 hiemcites pumila La Chartreuse de Urive. (Velay.) . — — . 

Cocos (Pitrkinsonis) (Sheppey.) ' ^ 

F aujasii Liblir near Cologne. 

Burtini Woleuve near Brussels. 

Monocat y led. xncrrta. 

Horgen imr Zurich. 

(Amomocarpum depress uni ) . . (Sheppey.) 

(Paiidanncarpum pyramidat.) . (I)itto.) 

Dicot y ft don ta. 

Amentactar. 

Comptonia acutifolia Comotbau. (Bohemia.) 

Salix ? Nidda. J 

Pup ulus P Ditto. 

Castanea P Menat. 

Ulmiis Comotbau. 

Jug land cee. 

Juglans ventricosa Nidda. 

laevigata Ditto. 

Arerinca. 

Acer Langsdorfii Ditto. 

Dicot yl. tncri'ta . 

Kxogcmtes Universal. 

Phyllifes cinnamon li folia Meissner. 

Carpolithes (many) Nidda. 

Leaves, &c. (many) Ditto. 

Conch iff. ra. 

ITnio ovatus, St. Swissrrland. 

Cyclus pahiHtris Ditto. 

Cyrona antiqua St. Marguerite. (Dieppe.) 

tellinoides Somons. 

cuneifonnis Ditto. 

Crawfurdi lrawadi. 

Obtrea Rcllovuciiiu. 
incerta. 


Mollusc a. 


Neritu globulus 

piriformis ....... 

sobriiin 

Am pull aria Fiiupisit. . . . 

Mclunnpsi* huccinoides . 

costula 

Melania triticea 

Encli eri 

Paludina virgula 

litiirolur 

Desm.irebtu . • . . . 
Limnea longibcata .... 
Physd antique. 

Plunorhis rotundatus. . . , 


regu laris 

incertuN 

piinctatiiB 

Provostintw 

Cerithium mclnnioidenro funa- J 

turn > 

Ampullaria depressa ) 


Epernay. 

Ditto. 

Ditto, Soissonm/ts, Ac. 

, St. Paulet. (Gard.) 

(Epernay, Soissons, Cui- 
, J Beau, Headon Hill, 
( Italy, Sutton, Ac. 
Soissuiis. 

, Epernay, 

, Kirpfiinch near Zuiich. 

, Epernay. 

, Soissons. 

» Pans. 

. Ditto. 

. Epernay. 

(Soissonmiis, Bagnetix, 

* \ Pans, Ac. 

• Cezerion. (Jler.iult.) 

. Hugueux, Epernay. 

. T)it to, ditto. 

. Paris. 

1 Epernay, Anvert, Ba- 
gneux, Paris, Ac. 


Reptilia. 

Crocodilus d’Auteuil Near Paris. 

vulgaris lruwuili. 

do Provence ......... Minede Memet(Provence. 

Leptorhyncus lrawadi. 

de PInde Ditto. 

Trionyx de rinde Ditto. 

Salamandra ogygiH,Goldf. 

Triton Noachicus, Goldf. 

Rana diluviana, Gold. 

OphfB dubius, Goldff. 

Mammalia 

Mastodon nngustidens Kirpfnach near Zurich. 

dephantoides lrawadi. 
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Kurland. 


Man tod on latulens Ir.iwnUi. 

Hippopotamii* Ditto. 

Rhinoceros Ka^ifnach, Irawadi. 

Tapir Irawadi. 

Anthracothcmini magnum .... GiuUbonu. (Tuscany.) 

:ninus Ditto. 

minimum Ditto. 

alttaticum Lobnan. 

*i list tense Caribari. (Bengal.) 

Lophiodon Laonnemo Deportment de 1’Aisne. 

Bos Irawadi. 

Castor des lignites Kcnpfnnch. 

Dislocations of the Tertiary Strata, 

After the deposit of the chalk and the plastic clay 
strata, and after the accumulation upon it of several re- 
gular marine tertiary strata, extensive disturbances hap- 
pened, by which the chalk and all the older strata were 
thrown into new positions, and the whole configuration 
of the land in the Northern zones was greatly changed. 

In England, the effects of general convulsions at this 
epoch are very striking in the Southern Counties, and 
chiefly referable to two nearly parallel great undulations 
of the strata, of u peculiar character, ranging East and 
West. These undulations are of such a kind, that there 
are two uxos of elevution and two parallel troughs. The 
Northern trough is nearly in the line of the Thames from 
London to Reading, beyond which it appears to end ; 
the Southern trough is directed along the Solent, to- 
wards the extension of the chalk beyond Dorchester, 
beyond which it also appears to end. The Northern 
axis of elevation passes through the Weald of Kent anil 
Sussex, South of Guilford to flighclcre in Hampshire, 
and is continued along the Vale of Pewsey, but ends to- 
ward Devizes. The Southern ridge of strata passes 
through the Isles of Wight and Purbcck, and between 
Weymouth nml llridport, and ends at some point in 
the Channel before arriving at Torbay. 

These great undulutions appear evidently caused by 
\ioleut elevation of the strata along the two lines de- 
scribed ; and it is exceedingly remarkable that the effect 
of the convulsion is such, that in each cuse the decli- 
nation of the strata on the North side is generally very 
steep or even vertical , as at Guilford on the one ridge, 
and in the Isles of Wight and Purbeck on the other, 
while on the South side the chalk in Hampshire, and 
the green sand and oolitic groups in the Isles of 
Wight and Purbeck, are nearly level or slope gently to 
the South. 

It is further observable, that for a certain length in 
the middle of each axis of elevation the strata are verti- 
cal or nearly so, on the North side, but on each side of 
this length the inclination becomes less and less violent, 
and at considerable distances, in one of the ridges, is re- 
duced to a gentle slope. Thus, on the Northern ridge, 
the strata ure violently inclined along the line by High- 
clere in Hampshire, ( where the. chalk attains it* greatest 
elevation in England ,) and at Guilford, but both West- 
ward toward Devizes, and Eastward toward Kent, the 
slopes becomp gentle. Also on the Southern ridge, the 
strata are highly inclined North of Weymouth, nearly 
vertical in the Isle of Purbeck, but absolutely vertical at 
the Western end of the Isle of Wight, and in Culver cliffs 
(Eastern end of the Isle of Wight) instead of being ver- 
tical are inclined 70° North. 

From these data we may infer confidently that the 
Ylisturhing force acted from below along particular lines, 
and most violently at certain points in these lines ; and 
because of the unequal declinations of the strata on the 


opposite sides of the ridges, we may perhaps admit the Geology, 
force to have been exerted ina/i oblique direction. This Ch. 11. 
latter conclusion has often been suggested to us while 
considering the ordinary phenomena of faults . 

Diluvial Deposits . 

We have now concluded the history of the deposits 
formed on the beds of the ancient sea, in its depths, along 
its shores and in its estuaries, and we have noticed the con- 
temporaneous or alternating accumulations from the fresh 
waters which then flowed upon the Earth. The ter- 
tiary system of strata, by showing us remarkable alterna- 
tions of fresh-water and marine deposits, appears to es- 
tablish a connection between the ancient and the modern 
World, between the subaqueous and the elevated land. 

The whole of that system presents us with strong 
analogies to the present order of things, in its races of 
animals and plants ; audits fresh-water deposits have 
often a clear relation to the present level of the continents, 
and on this account might be viewed as the oldest of the 
alluvial formations. 

Yet upon closer inquiry it will be found that in many 
cases a very strong line of distinction is drawn between 
the tertiary formations and the true alluvial accumulations, 
by the intervention of an irregular mass of deposits, evi- 
dently produced by inundations of extraordinary violence 
upon the face of the diied and inhabited Earth. These 
deposits ure so extensive, and over large tracts of the 
Earth’s surface have so much of a common character, 
that they have very generally been classed as the pro- 
ductions of one turbulent period in the process of the 
formation of the Globe, and termed the Diluvial deposits. 

This term was first employed by Mr. Smith, und when Origin pw\ 
subsequently adopted hy the English School of Geology, uwnl'ihc 
it was often understood to refer to the effects of the 
Nouckian Deluge ; and though on this point opinions are 
now more unsettled and various, the term may still be 
very properly employed by Geologists of every School 
to mark the effects of turbulent inundations upon the 
inhabited land, happening within a particular period in 
the History of the Globe. In this sense we employ it. 

Without entering upon the unprofitable history of the 
delusions in which Geologists have involved themselves on 
the subject of the Noachian Deluge, it will be proper to 
remark that all discussions of this nature are useful 
or injurious according as they are carried on indepen- 
dently of or in connection with Theology. Burnet und 
Woodward, by mixing up false hypotheses with Scriptural 
History, retarded the progress of Geological Science, and 
sanctioned a perverse application of the Mosaic narrative 
to support every new, fanciful, and unsubstantial theory. 

We must always bear in mind that it does not fol- 
low that all deluges must be referred^ to the Noachian 
flood ; certainly many turbulent waves have traversed 
the Globe before the creation of man ; some local 
deluges have happened since the days of Nouh. It 
may therefore very possibly be true that the turbulent 
waters of which we are now to trace the effects upon the 
surface of the Earth, may be quite independent of the 
Deluge of Scripture ; we have no right to assume any 
connection between them ; and at all events it will be 
prudent before thus entangling ourselves in fetters which 
it may be difficult to unclasp, to wait for a full investi- 
gation of the subject. Many curious questions of time 
and circumstance ore involved in such' a comparison 
which it will be wise to reconsider. 

There is nothing in Geology less improbable than the 
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Geology, occurrence of a period of violent watery action, for in 
II* the course of our survey of the stratified rocks, we per- 
ceivcd clearly that, during their production, long periods 
of regular and ordinary action have been frequently suc- 
ceeded by temporary disturbance. The epochs of these 
disturbances relatively toother phenomena are precisely 
assignable. They differ in importance, and while some 
are so great and extensive as to afford means of classi- 
fying the strata over large surfaces of the Globe, others 
6eem to huve happened locally and irregularly. 

The present system of Nature muy be considered as 
one of the periods of regular action, and the effects now 
produced upon the land and in the sea are of the same 
kind as those occasioned during the comparatively tran- 
quil periods of older nature, because upon the whole the 
levels of sea and land are constant. But the deposits 
called diluvial are characteristic of a period of watery 
tumult and disturbance of the most extensive kind, and 
are to be associated mentally with other great epochs of 
disturbance which mark temporary convulsions in the 
ancient system of Nature. This watery tumult differs, 
however, from all anterior deluges, hy the circumstance 
that we are looking upon the land and reading there the 
truces left by violent waves, while those of ancient times arc 
known to us only hy the effects they produced in the sea. 

Proofs. We shall now present the proofs of such a system of 

turbulent waters having passed over large portions of 
file surface of the inhabited Earth, since the formation of 
all or nearly all of the stratified rocks now visible above 
the Ocean, and since the present continents were dried, 
elc\atcd, and inhabited. 

Detritus l. Without venturing to assert that every region of 

from tho the Earth's surface is covered by the water-moved ruins 

rnountuns °* r<H ’^ s ’ an< ^ wnsltJ of distant mountains, in situations 
1 ' to which existing streams could not carry them, we may 
Mate that observations of this nature are general «for all 
parts of the Continent of Europe, Northern Asia, and 
Northern America, Countries which hove been, better 
than any other, explored by Geologists. In all these 
regions, great deposits of gravel, sand, and clay, con- 
taining in more or less abundance portions of all the 
known rocks and strata, lie spread over formations of 
every age, primary, secondary, anil tertiary. There is 
no order in the arrangement of these heterogeneous 
materials, no constant series or succession of deposits, 
but the utmost coiifusiaii and irregularity. The mate- 
rials lie sometimes in valleys, often on hills, crossing in 
their course both hills and valleys, and appearing to 
have little relation to the track of the existing streams, 
though sometimes evidently influenced by the great 
physical features of the districts. Though the subject of 
the direction of diluvial currents, with reference to local 
geography, has not been sufficiently attended to, even in 
England, we are able to bring forward some striking 
instances in support of the preceding statements. It is 
well known that the mountain group of Cumbria encloses 
remarkable kinds of granite, sienite, and other rocks* 
and that they are separated from the Eastern parts of 
the Island by a long uubroken range of carboniferous 
limestone stretching from the Tyne to the Aire. A con- 
siderable hollow every where divides these ranges; and 
in some parts, us in the vale of Eden, the hollow is from 
1000 to 2000 feet, or more, below the summits on either 
hand. The lowest point in the whole line of carboni- 
ferous limestone, which offers itself directly to the West, 
is on Stainmoor, about 1500 feet above the sea. N ow by the 
force of the cOrreuts of water alluded to, blocks of the 
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curious porphyrinic granite of Shop Fells have been* re- Geology, 
moved from their original sites, (1500 feet above the sea,) Ch. 11- 
swept over a ridge of limestone rocks about Orton, into 
the red sandstone vale of Eden, and from this deep and 
ancient vale lifted up the steeps of Stainmoor to the very 
summits of the pass. From thence they have been 
urged forward as from a new centre, and spread in a 
radiating manner over the South of Durham, mid the 
whole extent of the vales of York and Cleveland, to 
the footofthe Hambleton Hills and the Wolds. Against 
these great barriers, considerable quantities of the rocks 
of Cumberland, and likewise of the carboniferous system 
of Yorkshire, are collected, but a large portion of the 
debris has also travelled over and beyond parts of these 
high districts and reached the sea side, where many of the 
cliffs are covered by blocks swept from Cumberland mul 
North-Western Yorkshire. In passing from Shap Fells 
to IJolderness, the granitic boulders have been trans- 
ported across two deep vales, and over two elevated ranges 
of hills. In passing over these hills, we clearly per 
ceivc that the blocks were walled by the easiest ascents. 

This is remarkably the case at Stainmoor, the lowest 
point in the long curboniferous summit, and the only one 
crossed by the diluvial boulders. It is therefore evident 
that at the period when these violent waters flowed over 
the North of England, the lunri had assumed its present 
generul shape and altitude ; it is also clear that the 
floods were influenced in their direction by the great 
physical features of the country, but that at fiurticul.tr 
points they were of force and volume enough to over- 
come these natural obstacles. 

Besides the porphyritic granite of Sluip other remark- 
able rocks of the Eastern part of the Cumbrian moun- 
tains have followed the same course. The hypersthenic 
and sienitic rocks of Carrock Fell, the brecciuted and 
amygdaloidul slates of Grasmere, Ulswater, &c. may be 
often recognised in Che same situations. lVrhaps the most 
instructive of all examples derived from this country is 
that furnished by the red “brockrom” of Kirby Stephen. 

This member of the saliferous formation is easily known 
by its fragments of carboniferous limestone imbedded in 
red sandstone, and its native site is in the depth of the 
vale of the Eden. From this deep repository it has 
been lifted by the diluvial currents over Stainmoor, and 
thence curried with the granites and other rocks of the 
Cumbrian group. 

The currents to which these effects are uscribed, must 
have flowed from the North-West. From the Western 
part of the Cumbrian group of mountains, eurrents flow- 
ing nearly from North to South have curried the granite of 
llavenglaf* and Muneaster along the low' ground Wctt 
of the carboniferous chain of Yorkshire and Lancashire 
to the vicinity of Manchester, and through a great part 
of Staffordshire ; but this sort of granite bos no where 
crossed the carboniferous chain, to spread down the 
valleys of the Aire, Dun, Derwent, nr Dove. In this 
case, as in the former, it is evident that the current was 
directed hy the great physical features of the country, 
which were the same then as now. 

The quartz pebbles of the Lie-Key hu\e been w idely From tho 
diffused over the plains of Warwickshire and Gloucester- Lickeyllill. 
shire to the foot of the Cols wo Id I/iIIs, but on arriving at 
this barrier they are stopped, except at two low points, the 
summits of the valleys of the Cherwell and the Even- 
load. Down these valleys, and along their borders, the 
pebbles hold separate courses till the streams unite 
iicur Oxford, alter which the general course of the 
4 x 
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valley of ilte Thames is the line of the diluvial 
deposits. 

A tendency to be arranged in narrow, longitudinal 
spaces is sometimes observable in the diluvial accumu- 
lations. In Lincolnshire a long narrow ridge of diluvial 
chalk runs out in a South-Westward direction by Falding- 
worth. In Yorkshire the lias boulders from Robinhood’s 
ltuy keep nearly parallel to the present North and South 
line of coast; and the flinty gravel from the Wokls 
runs North and South from Pocklington to Cave. These 
observations will probably be much extended hereafter. 

The most extraordinary etFects of tumultuous waters 
upon the surface of the land, appear sometimes to sur- 
round lofty ranges and groups of mountains. Thus the 
Mont Rluuc group of primary mountains has been rent to 
pieces by some violent convulsion, and its mingled frag- 
ments transported along the lines rather than in the actual 
channels of the Rhone and the Arve into the Valais, 
along the Luke of Geneva, and up the slopes and 
through the valleys of the Jura even far into France. By 
this extraonlinarycour.se, blocks of enormous magnitude 
have been drifted in great numbers on to the tops of 
mountains, even to the height of 2000 or 3000 feet above 
the Lake of Geneva, and left there in such abundance 
as to encumber the land with thousands of extraneous 
masses. There appears in these collections of blocks a 
very singular tendency to association in groups and lines. 
(I)e Luc.) It is particularly to he remarked that no or- 
dinary action whatever could possibly cover the abrupt 
mountains of the Suleve and Mont Sion with such im- 
mense and numerous masses of these rocks, or transport 
them across the deep and wide valley of the Rhone to the 
steep slopes of the Jura. For such powerful elFects it 
will he difficult to assign an adequate cause, and how- 
ever much influence wc may ascribe to the impetuosity 
even of an uplifted sea possibly cooperating with the 
disruption of glacier-covered mountains, the phenomenon 
must ever appear of the most remarkable kind. 

We seem to perceive, on a general view of the disper- 
sion of these erratic blocks from the Alps, a remarkable 
relation to the existing valleys. While the Mont Blanc 
group have yielded fragments to the Rhone and the Arve, 
the Bernese oherlaud has supplied the basin of the Aar 
and the neighbouring part of the Jura ; the valley of the 
Reuss has conveyed the waste of the mountains at its 
source; blocks from Glaris lie by the Lake of Zurich, 
and the valley of the Rhine holds the rocks of the 
Orisons. 

The great range of the Jura, opposed to the Alps, and 
separated from them by the long and wide valley of the 
Aar prolonged into the Lake of Geneva, has Furnished 
the best opportunity of determining the geographical 
and other data belonging to the curious problem of the 
dispersion of these blocks. It is certain that in their 
course from the Alps the blocks have principally followed 
the line of the present valleys, since they arc found 
along their sides in greatest plenty, and are collected 
in most abundance, and lie at the greatest heights, an 
those parts of the Jura chain which directly face the em- 
bouchures of the valleys. Yet this relation to the val- 
leys is of such a kind, that the blocks, instead of being 
limited to their beds, lie perhaps more plentifully on the 
hill sides, and intimate a totally different kind of watery 
action from that of the running streams. Some general 
convulsions under water, at once elevating the mountains 
and opening the valleys, and pouring along the floods ( 
may safely be concluded to have caused the phenomena 


One of the grandest examples of the form and con- Geology, 
tinuityof diluvial currents is the dispersion to the South- Ch. «. 
ward, across the Battle, of the primary and transition 
rocks of Sweden and Norway. Brongniart ( Tableau 
den Terrains) lias given an .excellent view of these phe- 
nomena. 

The sandy plains of Westphalia, Hanover, Holstein, From Scau- 
Zeeland, Mecklenburg, Brandenburg, the coasts and dmavia. 
plains of Pomerania, Prussia, and part of Poland far 
inland between Warsaw and Grodno, ami consequently 
all the low, generally flat, and sandy Countries which 
border the Baltic and the German Ocean from the Ems 
and the Weser to the Dwina, and even the Neva, are 
covered at intervals by these blocks. They are not uni- 
formly dispersed, but collected in particular spaces, and 
form in the midst of these vast sandy wastes distinct 
groups, generally elliptical in outline, with the longer 
axis directed North and South, or toward the Baltic Sea. 

Bruckner mentions a trainee of these blocks in the 
Northern part of Mecklenburg-Strelitz, which runs from 
West North-West to East South-East. They are more 
abundant on hills than in valleys. The largest blocks 
are most superficial and nearest the tops of the hills. 

They consist of granites, sicnites, transition limestone 
with trilobites, Ac., and other rocks which have the great 
est resemblance to the rocks of Sweden ; they contain 
the same peculiar minerals, and the same peculiar or- 
ganic remains. Their course from the Scandinavian 
peninsula is generally from North-East to South-West. 

On approaching the mountains whence they were dis- 
lodged, we find the number of the blocks to increase 
considerably, and on crossing the Sound to Scania, they 
appear at every step, but the size of the blocks is not 
greater. The mountains of Sweden are not more bur- 
dened by loose blocks than is common to such tracts, 
hut the faces of the rocks there appeur furrowed and 
rubbed by the drilling of heavy bodies. The Baltic Sea, 
which crosses the line of these trainees of rocks , appears 
to have interposed no obstacle to their movement, since 
the heaps of blocks lie in the same direction on both 
sides of the water, and the quantities carried over are 
immense. 

Many of the granitic boulders on the coasts of York- 
shire and Norfolk are thought to have come from the same 
Scandinavian mountains. From observations in Eng- 
land, Dr. Buckland inferred that the general direction 
of the diluvial currents was from the North-West. In 
North America, Dr. Bigsby and other observers have ob- 
served the prevalent direction to be from the North-West 
or North-East ; the Scandinavian blocks have travelled 
also from North-East or North North-East. But the 
waste of the Alps has gone nearly as the valleys run, in 
all directions ; Southward to Italy, Westward to France, 
Northward to the Rhine, and generally we may be 
assured that the prevalent direction in any Country has a 
very close relation to the physical geography of the 
region. 

The degree of attrition of the erratic blocks is various, 
and generally not so considerable as that of the smaller 
pebbles which compose the greater part of the diluvial 
masses. • 

From the preceding data we are warranted in con- Inference, 
eluding that since the deposition of all or nearly all the 
marine strata which are seen in our continents, and 
since the actual land was uplifted from the sea, and 
shaped into its present leading physical features, large 
parts of the Earth's surface have been deluged by floods 
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passing in various directions, which removed large quan- 
' tities of the preconsolidated rocks, and dispersed them 
over distant Countries, in such abundance, of such mag- 
nitude, to such distances, in such directions, and to such 
altitudes, as to preclude the possibility of explaining tire 
phenomenon by the action of actual atreamz , flowing in 
the ordinary course of nature, or deviating in any possible 
manner over the surface of the Earth, or by the bursting 
of lakes, however situated or circumstanced. For neither 
streams nor bursting lakes could possibly transport the 
Simp Fell granite to Flamborough Head, nor drive the 
sienites of Sweden into the heart of Poland. 

Grarel du- For the sake of exhibiting decided proofs of the 
posits. powerful action of the diluvial waters, we have insisted 
much on the transport of large blocks of recognisable 
rocks ; but it must not he imagined that such blocks of 
such magnitude compose the whole or the greater part 
of the diluvial deposits. These consist, in fact, of the 
detritus and fragments of every sort of rock, and of all 
sizes, from the giant blocks on the Jura to the finest 
sand and sediment. The Eastern coasts of England, 
in Essex, Norfolk, and Yorkshire, are principally occu- 
pied by diluvial cliffs of clay, with interspersed pebbles 
and blocks, and irregular layers of gravel and sand. 
These deposits cover large tracts in Yorkshire, Lin- 
colnshire, Norfolk, Suffolk, Essex, &c. In the Midland 
Counties, gravel, containing in some places abundance 
of chalk flints, and in other situations pebbles from the 
Lickcy Hill, is very common, and particular valleys quan- 
tities of oolitic gravel. It is generally observable that 
the most abundant portions of the deposits may be 
traced to the neighbouring ranges of hills, as the chalk 
of Holderness, Faldingworth, and Huntingdon, to tlie 
neighbouring wolds, the sandstones of the vale of York 
to the Western moorlands, and the quartz pebbles of 
Warwickshire to the Lickey Hill, but with them* gene- 
rally lie fragments from more distant sources. 

Animal po- We now proceed to inquire what was the condition 
pulatum at 0 f the land over which the diluvial currents flowed, with 
the tune, respect to its animal population. That it was inhabited, 
and very extensively so, in many districts wasted by 
these floods, is evident from the really immense quantity 
and variety of bones of quadrupeds lying in gravel pits, 
clay cliffs, and other diluvial accumulations, or buried in 
caverns during and previous to that period of convul- 
sion. 

To mention all the known localities for diluvial 
masses from which bones of elephant, rhinoceros, horse, 
ox, deer, and a variety of other quadrupeds have been 
obtained, would be to form a gazetteer of Europe, Sibe- 
ria, and North America. There is hardly a County in 
England where some remains of this kind lmve not been 
obtained at many places, and they are equally abundant 
in France, Germany, Italy, &c. 

Exactly as at the present day the bed of a river en- 
velopes the shells that perish in its waters, with the bones 
of animals accidentally lodged there, so the diluvial 
floods buried in the detritus of the land remains of the 
then existing organized creation. These remains enable 
us to say what races of animals were living upon the 
Earth at and previous to the time when those parts of it 
were overwhelmed ; and if upon examination it be 
found that these animals were of peculiar types of con- 
formation, that they did not begin to exist till a certain 
epoch, nor continue to live after another epoch, the 
period of their existence is a zoological era as distinct 
as any other disclosed to us by examination into the 


long series of periods during which organic beings have 
existed upon the Earth. 

In illustrating tikis magnificent subject from the mate- 
rials furnished by the researches of Cuvier and HucKltind, 
we shall first present the evidence furnished by dilu\iul 
gravel, clay, sand, and other unquestionable deposits ot 
the turbulent era alluded to; and afterward* add some 
results deducible front examination of caverns, the pe- 
riod of the occupation of which will be naturally de- 
termined by comparing their zoological contents with 
those of gravel pits, &c. 

The following are some of the animals that have been 
discovered in these diluvial deposits. 

Pachydrrmata. 

Elejihun priinigeiiiu*. Rhinoceros tirliodiinus, fc c . 

Mastodon maxim us, &c. Tapir gigmiteus. 

Hippopotamus major. Sun fosswia. 

ChoeropotamuH. 

Solipeda . 




Cervus euryceros. &c. 
Bos. 


Felis spelira, kc. 
Hya>tu Mpeloua, &c. 
Wolf. 


Porcupine. 
Bcuvu r. 


Eqtius fosBilis. 

Bum in a n La. 

Virus. 

Merycotherium Silxsricum. 

Carnivora. 

Viilpi'ti speluncnruni. 

IJ thus cult minus, 
bputaus. 

Rodrntia. 

Arvicolu. 

Edentata. 

Munis gignntens. 


Megalonyx. Mnriis gignntcus. 

Megatherium, two species. 

The most striking general inference derivable from Mostly ron- 
inspcction of the preceding and more extended lists, »s g' noums 
contrasted withnll the catalogues of the earlier animals, 
is the almost complete identity of the genera with some uow I,V1U *G 
of those which now exist. Even in the tertiary system, 
though the quadrupedal population of Europe hud 
become considerable, and the circumstances of their 
existence in several respects closely analogous to wliat 
obtain at present, the genera were for tlie most part 
wholly di Here nt. Here they are lor the most part the 
same. 

Tlie species, howc\cr, of the zoological era under 
consideration were mostly different fiom the existing 
races, some of greater magnitude, others of different 
proportions, all distinguishable by more or less remark- 
able peculiarities of their bony remains. Yet these dis- 
tinctions are often minute, and unless the question of 
the amount of possible change induced on the animal 
frame by long time and vuryiug circumstances could be 
more exactly appreciated, it may perhaps always admit 
of a slight doubt whether the distinctions alluded to 
be characteristic of the species of animals, or of the cir- 
cumstances of their existence. However, for nil pur- 
poses of geological induction, the distinctions being con- 
stant are assumed to be specific. 

Among the species found in caves, Assures and brec- 
cia, referred to the same era, are the following. 

Pachydrmiata . 


Elfpbn.s piimi^rniiiH, Sec. 

IJ i|)|)ii|iut .mi i< ** in.ij* 

Rhmt>ci , ru'» tichoih kc. 


rhii>ro[i)fiiuiiiB. 

Sub 
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fi'.olotfv. So/ipcda. 

K41111S foNaili*. 

Ruminantia, 

Orvus uuryciTux, kc. Hos, uru§, antilope. 

Carnivora . 

Fell* &c. Wolf. 

1 1\ nuia spelrca, &c. Fnx. 

Ursus sjwlwus. 

Wcuiiel. cultridens, Ac. 

(Julo qielocu*. 

Rodentia. 

Arvicola fossilis media. Lagomys, Ac. 

minor. Hare, rabbit, Ac. 

Hat. Beaver. 

From the general analogy between these two lists, 
from I lie prevalence in each of elephants, rhinoceros, 
hippopotamus, lelis, hyietta, and hears, in Countries 
where at present not a single animal of such genera is 
known to exist, there seems every good reason to admit 
them as belonging to the same zoological era, which M. 
Omalius 1)' 11 alloy has, 'not inconveniently, called the 
mastozootic era. Hut all investigations concerning 
gravel and other diluvial deposits, prove indubitably that 
tins era is exactly that which ended with the diluvial 
system of deposits. We may, therefore, venture in the 
following investigations to class together the remains of 
mammalia found in caves, fissures, breccia, gravel, clay, 
&c. 11 s characteristic of a period of some duration, ter- 
minated in ouch district by great inundations, and 
equally capable of furnishing evidence concerning the 
then state of the Earth. It is not meant by this arrange- 
ment to pronounce at all concerning the question, yet 
very insufficiently examined, of the partial contempo- 
raneity of the paheotherian and mastozootic races of 
animals in Europe. 

Lived in The first general result which we shall venture to 
Countries draw from this combined evidence is, that the animals 
hones are f w * lose n?,,,a * ns ar ® found in diluvial gravel and other 
found. superficial accumulations, or iu limestone caves and fis- 
sures, or in ferruginous breccia, lived near or on the 
spots where their bones ure found. This important in- 
ference migrht he safely deduced from the ordinary cir- 
cumstances under which fossil bones arc found in super- 
ficial gravel, &c., since in these cases they are little 
worn, though lying amongst fragments of rocks rounded 
to pebbles, and often remain entire, or with no other in- 
jury than that occasioned by the effects of the atino 
sphere. Thus, the horns of a stag, scarcely in the smallest 
degree injured, have been obtained from the diluvium 
of the vale of Pickering, the long tusks of un elephant 
from that of llolderncss and Essex. This conclusion 
might, perhaps with equal certuinly, be rested upon the 
occasional finding of the bones of elephants and rhino- 
ceros, and other “ antediluvian” species, in marl pits 
under gravel, in company with shells now existing in 
the neighbourhood, of which some indications occur in 
Cuvier's celebrated Work the Ossemen * Fossiles, and 
a more distinct case, at Market Weightoii in Yorkshire, 
lias been recorded by Mr. Dikes of Hull, und several 
members of the Yorkshire Philosophical Society. For 
in this case the bones of extinct and the shells of exist- 
ing species of animals luy pellinell together, and the 
native locality of one must inevitably be ascribed to the 
other. 

But the case becomes certainly stronger, when wc 


take into view the history of the caverns, fissures, and Geology, 
breccia, containing bones ; for these afford us not only Ch» ^ 
reason to conclude that certain animals lived in definite 
regions at a particular era, but display many of their habits 
of life and accidents to which the nature of the country 
exposed them. Those who desire to follow at length 
the detailed history of caves and osseous breccia must lie 
referred to the luminous pages of Buckland. ( Rehquire 
Dilution #,) and that imperishable monument of genius, 
the Ossemnu Fossilrs of Cuvier. We shall here present 
a simple, analysis of the leading results of their inquiries 
bearing on the subject before us. 

Caverns and fissureH containing bones, however pre- 
served, and of whatever kinds these are, present some 
important characters in common. 

(1.) In the first place they are, we. believe, always Oukifcrous 
situated in limestone, very generally in stratified lime- 
stone, though this character is sometimes denied to the atc(ii 
dolomitic limestone of the Mediterranean shores. This 
circumstance has, however, apparently no relation what- 
ever to the accident of the caves containing bones, but 
is merely a general fact characteristic of limestone ; for 
in this kind of rock nearly all the caverus, grottoes, and 
remarkable natural fissures in the World are situated. 

And as far as we have observed, there is no reason 
whatever in speculations on the origin of the hone ca- 
verns and fissures to exclude those of similar forms in 
which no bones occur. 

(2.) This being the case, we may remark further, 
that though in some cases the existence of the cavern 
may be thought to be connected with dislocations of the 
strata, as at Greenhow Hill in Yorkshire, yet this is 
rather the rare exception than the general rule. The 
carboniferous limestone is full of caverns, yet not more 
so where numerous slips and veins divide it than in 
other places. Veins of lead ore hardly ever lead to 
these caverns, aiul it is a matter of general remark, that 
though the strata may be disturbed near them, the dis- 
turbance has little to do with the caverns. 

(3.) Most caverns, whatever be the character of their 
floor, assume at intervals along their length, the appear- 
ances of a greut fissure in the rocks. This circumstance 
must have been often observed by those familiar with 
the caves of Somersetshire, Derbyshire, and Yorkshire, 
and is recognised even in that least favourable example, 

Kirkdale Cave, which iu its nearly level course keeps 
its floor nearly on one particular bed of the rock, but 
occasionally opens upwards into narrow irregular expan- 
sions or fissures. The fissures filled with breccia tnay, 
in fact, be often regarded as exposed caves, and resemble 
them in all essential circumstances. 

(4.) Very few of these cavities in the rocks are en- 
tirely free on their sides and roof front remarkable de- 
pressions and cavities, like those produced on limestone 
by currents of water, or the slow consuming agency of 
the atmosphere. Many of them which now convey 
water, and are not incrusted with stalagmite, as the Peak 
Cavern in Derbyshire, show this sort of watery erosion 
so strongly a8 to impress most beholders with a convic- 
tion that the whole was excavated by the running stream. 

(5.) Several writers, in particular Brongniart, have 
attempted to 6how that mere water has no effect in 
eroding rocks. This may, perhaps, be true of the oxide 
of hydrogen , but is certainly not a correct account of 
the effect of common water, and particularly of water 
containing carbonic acid, and traversing limestone rocks. 

The innumerable petrifying springs of limestone Couti- 
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Geology. tries at once demonstrate the inaccuracy of this reason- 
c h ing. The very rain from the heavens eats away these 
atones rapidly. The springs which issue from limestone 
generally contain carbonate of lime, and most of them 
yield a large quantity of free carbonic acid upon ex- 
posure to the air. 

How form* (6.) Those accustomed to underground works know 

t‘d. it as a familiar fact, that the water which is absorbed by 

dry limestone land, takes particular channels through 
the rocks, down the joints, and along certain fUsures. 
Every limestone hill in the carboniferous district of the 
North of England, shows in its swallow* and moor pits 
the erosive power of the atmospheric water. We shall, 
therefore, venture from all these considerations to main- 
tain the enlargement or excavation of these caverns to be 
principally owing to the subterranean passage of water 
charged with carbonic acid, the direction of this water, 
and its power of erosion, being favoured by fissures and 
other causes. If the altered druinuge and other cir- 
cumstances of a country so far change the course of the 
water as to leave these subterranean channels almost 
dry, the small quantity of moisture continuing to arrive, 
may slowly deposit stalagmite over the surfaces formerly 
eroded, and the cave change its appearance altogether. 
An accidental inrush of water from unother source may 
deposit mud or pebbles, and this be also covered up by 
another layer of stalagmite. 

It is no great objection to this view, that the cavities 
are sometimes exceedingly irregular, for water in its 
subterranean course must follow the original cracks of 
tlie rocks. Indeed, upon a review of this matter, that 
very irregularity may perhaps be thought an argument 
in favour of the mode of origin here suggested. 

The most remarkable ossiferous caverns in England 
ore Kirkdule Cave near Kirby Moorside in Yorkshire, 
the Dream cavern near Wirksworth in Derbyshire, Ban- 
well Cave in the Mendip Hills, Kent’s Hole near Torquay, 
Orestou near Plymouth, and Paviland near Swansea; 
in Germany, the slopes of the Harz mountains give us 
the caves of Baumann, of Biel, and of Schworzfeld. Be- 
tween the Harz and Finncouia is the Bear Cavern of 
Gliicksbrunn ; the Jura formation near Baireuth is cele- 
brated for the rich associated caverns of Gailenreuth, 
Scfuenestein, Rrunnenstein, Holcberg, Wieserloch, Geiss- 
loch, Wunderhohle, Rahenstein, Kuhloch, Znhnloch, 
Schncidcrloch, Rewig, &c. In Westphalia the same 
oolitic formation has the caves of Kluterhohle, und 
Stindwich. The Caves of Adclsburg in Carniolu and the 
Dragons’ Caves in Hungary have also yielded bones. 
In France, instructed by Dr. Buckland's researches, two 
caverns, ricli with bones, have been described by M. 
Thirria near Vesoul, und several others near Montpel- 
lier and Nar bonne by Marcel de Serres, Tournal, Christo], 
&e. und one near Miremont by M. de la Noue. 

Osseous breccia appears singularly connected with the 
coasts of the Mediterranean. It occurs at Gibraltar, in 
Lunguedoc, and at several other points in the South of 
France, at Antibes, Nice, Pisa, Cape Palinurus, North 
of Bastia, (Corsica,) Cagliari, (Sardinia,) Maridolce, 
(Sicily,) in Dalmatia, Aragon, &c. Ferruginous breccia, 
in which bones are associated with pisolitic iron ore, oc- 
curs in Wurtcmberg, and iuCarniola in Jura limestone. 

How filled some of these caves hyenas lived and dragged 

with bones, into them for food the bones of other animals existing 
in the vicinity ; bears died in others ; some were filled 
by the accidental falling in of browsing quadrupeds, atld 
others heaped with a mixture of bones, mud, and peb- 
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bles brought by general or local Hoods on the surface, (ieology. 
We shall give un abstract of the characteristic lucts Ch. IK 
attending each of these eases. 

Kirkdule Cave is one of the most remurKublc instances Kukilule 
of ossiferous cavities known m England, both from the (W 
number of species and abundance of the bones of qua- 
drupeds found there, their state of conservation, ami 
other attendant circumstances. The entrance of this 
cave is on the side of a narrow valley 30 feet abow tlio 
stream in a nearly level and perfectly undisturbed heel 
of coralline oolite. It had a sort of \estihnle, much 
larger than the interior windings of the cn\e, and 
in this, according to. Mr. Salmond, luy a considerable 
proportion of the large bones of elephant, rhinoceros, 

&c. Beyond this was a step in the floor of the thick- 
ness of one bed of limestone, lending to the interior 
recesses, which follow un irregular line, occasionally 
rising to the height of 14 feet, but generally under 4 
feet, und about the same breadth, hut liable to contrac- 
tions in both their measures. The floor was generally 
overspread and its inequalities filled up by a layer 
of mud, of calcareo-urgil laceups substance, such as 
might he supposed derivable from the joints and part- 
ings of the limestone. In some places the mud was 
more coarse and sandy. Stalagmite in considerable 
quantity had dripped from the roof, inemsted the sides, 
and covered like a sheet the layer of mud rising upon 
its surface into mamillary tubercles. 

In the nuid, and protruding occasionally through its 
stalagmitic covering, lay the bones of six or seven car- 
nivora , hyaena, tiger, or lion, bear, wolf, fox, and weasel ; 
three pachydermata^vi i. elephant, rhinoceros, hippopo- 
tamus, the horse ; four ruminant ia , ox, and three kinds 
of deer ; four rodentia , hare, rabbit, water rat, mouse ; 
beside five birds, raven, pigeon, lark, duck, and a bird 
of the size of a thrush. 

The bones were scattered over this long area, 11 as 
over a dog kennel,” almost universally broken to pieces, 
not os if by common fracture, but by violent biting and 
gnawing: marks of teeth are discernible on many, exactly 
like those left by living hyamas on similar hones sub- 
mitted to their jaws. II yumas’ teeth in great numbers, of 
all ages, milk teeth, shed teeth, and worn to stumps in 
the jaws of the auitnul, abounded in the cave, liesides a 
considerable quantity of osseous fecal matter, like that 
of the modern hyicna. From these data, most of which 
may be verified on the numerous specimens extracted 
from the cave, Dr. Bticklund infers, that hyaenas were 
for a long period the undisputed tenants of this den, 
lived in it lor many generations, dragged into it for 
food, piecemeal, the bodies of animals then living in tne 
neighbourhood, and were finully dispossessed of their 
hold by an irruption of water which let fall the muddy 
sediment now enveloping the bones. The ordinary 
action of the water passing through the calcareous rock 
then covered the whole with stalagmite, and closed up 
the bones from the destructive agency of moisture and 
air. This accounts for the conservation of their gela- 
tine. Few conclusions of this precise nature appear 
better supported by the fads of the ease, and when we 
reflect on the remarkable analogy, in almost all points 
concerning the state and conservation of the bones, of 
the cavern at Torquay called Kents Hole, and contrast 
these particulars of the hytena dens with those of the 
ox caves in Mendip, we shall feel a full conviction that 
Dr. Buckland's bold theory is a true interpretation of 
Nature. 
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Geology* The caves of FrauconiA appeared to Dr. Buckland to 
CU. II. have been tenanted by bears which died in the retired 
parts, and wore there, mixed more or less with sedi- 
ment and pebbles brought by subsequent diluvial floods, 
and the whole covered over by a stalagmitic crust formed 

t'uve of in the usual way. The cavern of G&ilenreuth is perhaps 

Kuiiiuch. tlie most magnificent example of this doctrine ; but 
that at Ktihloch presents some peculiarities of a very 
interesting kind. “ It is literally true that in this 
single cavern (the size and proportions of which are 
Hourly equal to the interior of a large church) there are 
hundreds of cart-loads of black animal dust entirely 
covering the whole floor, to a depth which must ave- 
rage ut least six feet, and which, if we multiply this 
depth by the length and breadth of the cuvern, will be 
fotiud to exceed 5000 cubic feet. The whole of this 
mass has been again and again dug over in search of 
teeth und hones which it still contains abundantly, 
though in broken fragments. The state of these is very 
different from that of the bones we find in any other 
caverns, being of a black or more properly speaking 
dark umber colour throughout, and many of them rea- 
dily ('tumbling under the finger into a soft dark powder 
resembling mummy powder, and being of the same 
nature with the hluck earth in which they arc imbedded. 

“ The quantity of animal earth accumulated on this 
floor,” continues Dr. Buckland, “is the most surprising 
and the only thing of the kind I ever witnessed ; and 
many hundred, I may say thousand individuals must 
have contributed their remains to make up this appalling 
mass of death. It seems in great part to be derived 
from comminuted and pulverized bones ; for the fleshy 
parts of anirnuls produce by decomposition so small a 
quantity of permanent earthy residuum, that we must 
seek for the origin of this mass principally in decayed 
bones. The cave is so dry that the black earth lies in 
the stale of loose powder and rises in dust under the 
feet : it also retains so large a proportion of its original 
animal matter, that it is occasionally used by the pea- 
sants as an enriching manure for the adjacent mea- 
dows.” This cave is entered by a lofty arch, above 
the river Erbach, expands within both in height and 
breadth, and terminates in two chambers closed attheend. 
Mo fissures enter this cave, and it has no other exit than 
the enl ranee above named, except a very small passage 
to the same valley. These circumstances are consi- 
dered by Dr. Buckland to explain the absence of dilu- 
vial accumulations in this cave. There is no appear- 
ance of either stalagmite or stalactite having ever existed 
in this cavern. 

MiMuhp Dr. Buckland's views concerning the ancient occu- 
pation of hyamas and bears of the caves of Kirkdale and 
Franconia, derive much elucidation from the disco- 
veries of other caverns in which the animal remains 
appear to have been accumulated in a different manner. 
We ahull mention those of Hutton in the Meitdip Hills, 
and of Oust on near Plymouth ; the former disclosed 
by ochre works, the latter by quarrying for limestone. 
The ochre of Metidip Hills appears, in some cases, to be 
derived from the decomposed strata of the vicinity, and 
deposited in caves and fissures of the limestone, cither 
by water continually passing downwards by filtration, 
or by some more transient and violent operation. In 
pursuing one of these mines of ochre near the village of 
Hutton, hones of many anirnuls were discovered, and 
the circumstances were examined by the Rev. Mr. 
Cutcott, from whose muuuscript Mr. Cunybcare has 


druwn up a clear account of this remarkable occurrence. Geology. 
The elevation of the ochre pit was 300 to 400 feet above ch * 
the sea. “ The ochre was pursued through fissures in ' 
the limestone occasionally expanding into large cavern- 
ous chambers, their range being in a steep descent and 
almost perpendicular. In opening the pits the work- 
men, after removing IS inches of vegetable mould and 
4 feet of rubbly ochre, came to a fissure in the lime- 
stone rock, about 18 inches broad and 4 feet long. 

This was filled with good ochre, but contained no 
bones : it continued to the depth of R yards, and 
then opened into a cavern about 20 feet square and 
4 high ; the floor of this cave consisted of good ochre, 
strewed on the surface of which were multitudes of 
white bones, which were also found dispersed through 
the interior of the ochreous mass. In the centre 
of this chamber a large stalagmite was suspended from 
the roof, and bene&th a similar mass rose from 
the floor almost touching it; in one of the side walls 
was an opening ubout 3 feet square, which conducted, 
through a passage 18 yards in length, to a second 
cavern 10 yards in length and 5 in breadth, both the 
passage and cavern being filled with ochre and hones. 

Another pussuge, about C feet square, branched off 
laterally from this chamber about 4 yards below jts en- 
trance ; this continued nearly on the same level for 
18 yards; it was filled by rubbly ochre % fragments of 
liviealonr, and lead ore confusedly mixed together; 
many large bones occurring in the mass , among which 
four mngnificent teeth of an elephant were found. In 
the second chamber, immediately beyond the entrance 
of the branch just described, there appeared a large deep 
opening, tending perpendicularly downwards, filled with 
the same congeries of nibble, ochre, bones, &c : this was 
cleared to the depth of 5 yards; this point being the 
deepest part of the workings was estimated at ubout 36 
yards beueuth the surface of the hill.” ( Relit ] . Diluv .) 

The bones found in Hutton Hole belong to elephant, 
rhinoceros, ox, horse, deer, hyama, hear, a nearly com- 
plete skeleton of a fox. hog, and some gnawing animal. 

Three deposits of bones at Oreston, near Plymouth, Orenton 
have been detected by Mr. Whidby during the removal Caws, 
of the entire mass of a hill of transition limestone for 
the construction of the Breakwater. The first deposit 
(1817) lay in a cavern 15 feet wide, 12 high, and 45 
long, and about 4 feet ubove high-water mark. This 
cavern was filled with solid clay, in which teeth and 
hones of rhinoceros were embedded. The second dis- 
covery (1820) was of a smaller cavern, distunt 120 
yards from the former, one foot high, 18 wide, and 20 
long, and 8 feet above high-water mark. But the 
greatest extent of subterranean cavities was exposed in 
1822, by the intersection of apertures in the middle of 
the limestone, containing an immense deposit of bones 
and teeth imbedded in clay. Dr. Buckland describes in 
u very graphic manner the irregular branching or insu- 
lated fissures and caverns which were at this lime laid 
open in an artificial cliff 90 feet high, their various di- 
rection, loamy contents, and relation to similar cavities 
not containing bones in the neighbouring limestone 
cliffs. He remarks that the fissures and caverns are so 
connected, so often confluent and inosculating with each 
other, and so identical in their contents, that there ap- 
pears to be no difference as to the time and manner in 
which they were filled. In many of those which ore 
nearly vertical, the communication is obvious, hut those 
which pass obliquely, and consequently seldom lie in 
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. the plane of the cliff, may appear to close upwurds. In 
almost all the cavities there occurs a deposit of mud and 
sand, and angular fragments of limestone ; these Bub- 
stances sometimes entirely till up the lower chambers, 
and are lodged in various proportions on the shelves and 
ledges and in lateral hollows of the middle and upper 
regions. 'In one large vault it is sorted iuto laminm ; 
sometimes it is interspersed with extraneous fragments 
of quartz and clay slate ; stalagmite sometimes invests 
it ; in some few spots were balls of iron-stone, and con- 
cretions of ochre formed in the clay ; in others was a 
considerable quantity of manganese ore, sometimes in 
concentrically coated balls. The bones collected in the 
Oreston caverns and fissures belong to hyaena, tiger, 
wolf, fox, horse, ox, deer. The bones of the horse pre- 
dominated ; those of ox and deer were also abundant. 

We may admit, without hesitation, that these caverns 
and fissures ut Oreston were filled with this mingled mass 
of earthy, stony, bony, and metallic matters, by aqueous 
action ; and there seems no good reason to doubt thut 
partly in this manner, and partly by the accidental full- 
ing of quadrupeds into open fissures of the limestone, 
many other caves in Somersetshire, Derbyshire, &c. 
have been stored with their animal remains. 

From s^rh cavernous fissures, filled with mingled 
fragmentary masses, us those of Oreston, there is hardly a 
step to the fissures or caves containing ossiferous breccia 
at so many points around the Mediterranean Sea. Al- 
most every limestone rock, wherever its interior struc- 
ture can be seen on the sea-coast, in ravines, in mines, is 
found to be traversed by fissures and excavated in caverns: 
it was therefore to be expected that such should be ex- 
posed in abundance in the calcareous precipices of the 
Northern shore of the Mediterranean. But it is very 
remarkable that they should be in those regions so gtf- 
nerally productive of bones ; that these should sp gene- 
rally be found in a reddish-coloured loamy breccia, holding 
fragments of the neighbouring rock, helices, and other 
spoils of the land ; and that no marine production what- 
ever should be found mingled with the mass, though, as 
at Santo Ciro, near Palermo, ( Geological Proceedings , 
1833,) there be proofs of the marine submersion of the 
actual cave, before the introduction of the bony breccia. 
There is clearly no nece>ssary relation between the ex- 
istence of these ossiferous cavities and the proximity of 
the sea ; in many cases their exposure may be owing to 
the waste of the coast, but iu others it must be mainly 
ascribed to the convulsive elevation of' the land at some 
ancient period. In all cases the production of caverns 
and fissures in the rocks is the work of causes acting 
during periods long anterior to those when the animal 
remains were introduced. Thousands of cavities have 
been produced in the rocks, aud filled with miueral 
treasures, and buried beneath vast depths of consolidated 
strata, of very high antiquity ; such of them as were by 
any causes exposed at the surface, have been filled witli 
clay, or heaped with fragments of rock, aud in the great 
majority of instances lined with calcareous spar, and in 
Countries which were then inhabited by quadrupeds 
some have been partly filled by bones. The Geological 
era, when the latter occurrence happeued, is rendered 
definite only by a rigid anatomical examination of the 
bones ; and by this Cuvier has taught us that we may 
confidently refer the great majority of the quadrupedal 
remains, whether found in gravel on the surface, in the 
mud, gravel, breccia, or stalagmite, or on the naked 
floor of subterranean caverns, to one zoological period. 


In general, the most abundant remuius in the ossiferous Geology, 
breccia of the Mediterranean shores belong to the orders. ^ **• 
ruminantiu aud rodentia ; bones of ursine, feliuc, aud v— 1 
canine animals, us well as those of hippopotamus and 
elephant, are rare. This is exactly what should hap- 
pen upon the supposition that the bones in the 
fissures were derived chiefly from animals which tell 
into them, for these uaturully should consist principally 
of herbivorous tribes. The presence of land shells, of 
fragments of the neighbouring rocks, the abundant in- 
terlacement of slalagmitical carbonate of lime, tends ex- 
actly to the same conclusion ; and even the redness of 
the breccia of Gibraltar, Cette, &c«, is probably owing to 
the ferruginous nature of the neighbouring rocks. The 
influence of local causes is thus clearly indicated, and in 
the opiniou of Cuvier, these have operated through con- 
siderable periods, so that the bones and fragments of 
rocks fell successively into the cavity, and the calcureous 
cement was gradually accumulated. If, in addition, wo 
suppose, with Dr. Buckland, that these same cavities 
have since undergone the action of moving water, which 
might drift in heaps the fragmented bones and stones, 
and mix with them loatn and occasionally pebbles, all 
the phenomena seem nuturully explained, and the theory 
of the ossiferous breccia becomes connected with that of 
the proper cavern deposits. For particulars respecting 
the ossiferous breccia of Gibraltar, Cette, Antibes, Nice, 

Pisa, Cape Palinurtis, Corsica, Sardinia, Sicily, Dalma- 
tia, Cerigo, Arugou, and tlie Veronese, we must refer 
to Cuvier's admirable Ossemrns Fossil rs, tom. iv. 

As from the facts previously related, no doubt what- ciiumtr of 
ever can remain that in the “diluvial" period, and tlu; North- 
fbr a long time previous, there existed in Furope ele- ? ni l l ^Kl!, ,nM 
phants, rhinoceros, hippopotamus, lions, and hyaenas, be 
sides bears, the glutton, wolves, foxes, the horse, oxen, [. r ^ 
the urus, deer, beavers, bares, lubbits, water-rats, &c., 
we are presented with a problem of considerable inter- 
est reluting to the state of the climate at that period. 

The most abundant, perhaps, and most generally diffused 
of all these remains are those of the elephant aud 
rhinoceros ; though iu particular cases, bears or in u* mis 
fill whole caves, aud the horse, ox, uud urus ure very 
plentiful in gravel and marl. So many animal remains 
of genera now exclusively confined to hot climates, liuve 
induced many Geologists to conclude that the Northern 
regions of the Globe were ut that time much hotter, uud 
that their total extinction was occasioned by a sudden 
refrigerution of the climate. On the other hand, the 
glutton, the urus, wolves, foxes, bears, horses, and large 
horned deer, and beavers, appear as characteristic of 
cold or temperate climates, and furnish arguments for 
the doctrine that the animals resembling those now living 
iu tropical regions, were fitted by some peculiarity of 
constitution to support the rigours of the Northern zone. 

These statements are so equally balanced* und the au- 
thors who support them so respectable, that no impar- 
tial inquirer can pronouuce between them without fur- , 

ther evidence. This evidence must be of a particular 
kind. It will be of little use to add to the mi ruber of 
animals on either list; and as the sperits ar c. different 
from those now in existence, the relative power of adap- 
tation to climate of their several living analogues will 
not be sufficient to set lie the point. We must find the 
remains of some of these animals, in such condition, or 
accompanied by such collateral circumstances, as to cha- 
racterise the climate independently of the generic rela- 
tions of the animals. 
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Two cases coming within these conditions are known 
to Geologists, of so distinct a kind, and leading so po- 
sitively to the same conclusion, as to leave little room 
for further discussion. The first is the instance of an 
elephant, of the same species precisely as that usual in 
diluvial accumulations, being found in 1804, enclosed in 
solid ice, at the mouth of the Lena, where that Siberian 
river flows into the Arctic Sea. It was a perfect animal, 
with tusks in the jaws, and had evidently been entombed 
in its icy sepulchre immediately after death, for the flesh 
of its huge body was not decayed, but actually furnished 
a feast to the wolves and bears of the coast ; the skin 
remained entire, and its whole surface was covered with 
hair of two kind s t one shorter and finer near the body, 
the other coarse and bristly, and even sixteen inches 
long. It is to be regretted that the difficult circum- 
stances of the country did not permit Mr. Adams to 
examine minutely the anatomy of this specimen, thus 
wqndrr/ully preserved through the fluctuations of ages; 
but the skeleton, mounted at St. Petersburg, furnishes 
sufficient characters to prove its perfect agreement with 
the fossil, arid its distinctness from either of the living 
ileplunits. Here then is a plain proof that the fossil 
elephant was fitted, by an appropriate clothing, to with- 
stand the occasional cold of a high Northern latitude, 
not perhaps to exist on the shores of the Icy sea, but to 
inhabit about the sources of the Siberian rivers, ami 
over the whole extent of Europe and a part of North 
America. The North coast of America, as well as that 
of Siberia, encloses abundance of the remains of these 
elephants in cliffs of frozen mud. (Cnpt. Beechey.) 

The conclusion from this fact is rendered still more 
decisive by the discovery, in 1770, of the fossil rhinoceros 
ticlunhinus, under the same extraordinary circumstances 
of preservation of flesh, on the banka of the Wiluji, 
which falls into the Lena below Jakoufgk, and its body 
was likewise covered with hair. 

Or. Buckland's conclusion of some remarkable cata- 
strophe and sudden refrigeration of the Siberian re- 
gions and the borders'} of North America, near Behring’s 
Straits, seems to offer a reasonable explanation of the 
extraordinary preservation of these remains, which be- 
sides may have been drilled from their origiuul seats 
Northwards. 

The second case is the discovery together in the same 
marl pit, connected with gravel deposits, near Market 
"Weigh ton, in Yorkshire, of the remains of elephant, 
rhinoceros, lion, wolf, horse, urns, ox, deer, &c., species 
all or nearly all extinct, with thirteen species of land, 
marsh, and fresh-water shells now living in the neigh- 
bourhood. Now as hardly any animals arc more 
reniarkubly limited in climate, and restrained by local 
circumstances, than the molluscous tribes of the land and 
fresh waters, as the number of the species here discovered 
is considerable, and their identity altogether certain, 
without a single extraneous species, it is a safe con- 
clusion, that the climate in which they lived was that 
which England and the central parts of Europe now 
enjoy; for such molhisca become mixed with other 
ruces on npprouching the Mediterranean, and many of 
them cease to exist in the colder latitudes of Northern 
Europe. The same conclusions result from the examina- 
tions of that remarkable deposit called “ Loess/’ in the 
valley of the Rhine, where the extinct elephants and 
rhinoceros lie with many existing land shells. (Horner.) 
Hence we conclude, with confidence, that the antedilu- 
vian climate of the Northern parts of the Globe was 


nearly the same that it is at present ; and it is no great Geology, 
objection to this view, that the banks of the Frozen Sea ch - 11- 
will not now feed an elephant, because, in the first place, 
it is not yet proved that the elephants were not drifted 
by the long Siberian rivers to their frozen mouths: 
and secondly, our conclusion is for a temperate or cold, 
not frigid climate, as distinguished from the torrid 
climate, to which some Geologists would tin mercifully 
subject these animals in their warm Winter dress. 

Nearly all the propositions that we have endeavoured 
to establish concerning the important subject of diluvial 
accumulations will be admitted by theorists of every 
order. That the Earth has been covered over a large Other pro- 
extent, since the completion of nearly its whole apparent Means, 
series of successive marine formations, by tumultuous 
floods of water, powerful enough to dislodge and trans* 
port, hundreds of miles from their native sites, huge 
blocks and fragments of rocks, and to destroy the races 
of animals then living in those Countries, and to pro- 
duce considerable changes in Physical Geography, is a 
fundamental doctrine of modern Geology. But questions 
of considerable difficulty, which might perhups have been 
postponed to a later period of the investigation, if the 
Science had been permitted to follow its own secure course 
of observation and induction, are forced upog our atten- 
tion by the anticipations of theory, and the premature 
anxiety felt, even by writers on Geology, to establish paral- 
lels of time between the Geological datum of the destruc- 
tion of certaiu land-animals and the Noachian Deluge. 

We huve shown that these diluvial floods were very 
extensive, but we are required to answer further whether 
they were universal. We have proved them to have 
belonged to a certain limited zoological era; but we are 
asked, were they simultaneous over the globe ? We have 
admitted that they have effected changes in the physical 
feature* of the Earth’s surface, but we ore called upon 
to state whether valleys were excavated by their agency. 

This is the place to discuss the two former questions ; 
the latter, though often mixed up with the others, will 
admit of clearer solution by first examining the action of 
existing causes in modifying the surface of the Earth. 

The doctrine of the universality of the diluvial cur- Extent of 
rents, was adopted by Geologists, according to their pheno- 
interpretntion of the connection between Geology and 
the Hebrew Scriptures, long lie fore they had acquired 
the power of clearly tracing the effects of such currents 
across their own hills and valleys ; and afler Mr. 

Smith had fixed some of the leading characters of the 
diluvial detritus in Englaud, they were hastily, by an- 
ticipation , applied even to Countries never visited by 
any observer. Subsequent researches have to a certain 
extent justified this boldness; and the discoveries of 
Buckland and Cuvier, by fixing zoological characters 
for the diluvial periods, have harmonized the results 
into a system. But it is unsufe at present to venture 
such a doctrine as the universality of the diluvial cur- 
rents, even upon the admission that their powerful 
traces arc recognised over nearly the whole Northern 
hemisphere. If, indeed, it should eventually be proved, 
that diluvial currents have constantly followed upon the 
elevation of large tracts of land above the sea, their uni- 
versality might be safely inferred, since nothing can be 
more clear than the former submersion of all our conti- 
nents. But this would not satisfy all the conditions of 
the problem ; as in diluvial gravel and caverns so closed 
there would be no reason to expect the bones of land- 
animals. and it is a matter of notoriety that the elevation 
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Geology, of land above the sea, instead of being confined to the 
^ Ch . II. |H H .stozootic* era, has proceeded at intervals through the 
whole Geological period. 

It must, indeed, be owned that many mountain ranges 
were uplifted at the periods alluded to, but we dare not 
so far deviate from the method of observation and in- 
duction which has raised Geology to its elevated rank 
among the Sciences, us to assume .universal inundations 
of the Globe, to follow confessedly partial disturbances 
of the bed of the Ocean. On this, as on many other 
questions, we must appeal to further observation. 

Length of The doctrine of simultaneity of diluvinl currents over 
tlie diluvial the Glube, was introduced by the same desire to accom- 
I>ciuh1. ‘niodate Geological theory to the ordinary interpretation 
of the Mosaic record, and iu volves considerations of great 
difficulty. To determine whether diluvial phenomena 
are traceable over a greater or less extent, of the surface 
of the Earth is the work of observation. To settle the 
date of these phenomena with reference to one another 
is a very nice and difficult subject of analysis and in- 
ference. Even if it were the fact that the diluvial de- 
tritus in different Countries was scattered by the devious 
currents of one simultaneous inundation, it is doubtful 
whether satisfactory Geological evidence could be col- 
lected to prove this. No single deluge of such vast ex- 
tent has been disclosed by investigations of the pheno- 
mena of earlier date ; we see no agencies, either cos- 
mi d or terrestrial, likely to occasion it now; it canuot, 
th'/'efore, be assumed, as a natural phenomenon, with- 
out violation of the rules of Philosophy. 

Hut though, strictly speaking, the question of the 
simultaneity of the diluvial catastrophes iu diirerent 
[ regions is inadmissible in the present state of our 
knowledge, we may modify the inquiry so as to bring 
\^it within the scope of examination. Let us inquire if 
the diluvial phenomena of all Countries in wliicji they 
Bavc been observed, have so much of a common character 
tM to point to the same kind of cause, so much of a 
cAjnmon direction as to be assignable to causes having 
tjffc same local origin, and are accompanied by such 
Jjllaleral circumstances as to be limited within an as- 
i\ Suable period of time. The first point is already an- 
swered in the affirmative by all the preceding observa- 
tions ; on the second point, wc may observe that a con- 
siderable number of observations indicate a prevalent 
direction of currents from the North, but many others 
appear to refer the local origin of the currents to the 
neighbouring mountains. The third part of the inquiry 
lias also bceu met iu part by the history of the animal 
remains in the diluvial and nutediluviul deposits ; for 
these clearly belong to a limited zoological period, and 
as this period appears to have been terminated in each 
district by the diluvial catnMiophes, we are justified in be- 
lieving that the time during which these turbulent waters 
flowed was comparatively short. To the same conclusion 
we must necessarily arrive, from a comparison of the di- 
luvial disturbances with those of older Geological periods. 

But short as this period was, we are able to divide its 
characteristic phenomena into successive stages. There 
ore few parts of England, where the diluvial masses do 
not consist of more than one kiml of deposit, derived 
from a current in one direction. On the coast of York- 
shire the general base of the whole diluvium is a thick 
muss of clay, with heaps of fragments of rocks derived 
from Cumbria and North-Western Yorkshire scattered 
through it. In some places this rests upon water- 
moved chalk and flints; in others it is surmounted by 
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beds of gravel and sand, which arc themselves, near Geology. 
Bridlington, covered by thick layers of chalk mid < h u - 
flints from the neighbouring wolds. Hut wc must v " 1 
be careful not to infer from this and similar facts more 
than they will bear. The lapse of time is here proved, 
but as no deposit intervenes implying that the time 
was considerable, as the lower diluvium is not water- 
furrowed to admit the upper, as the same characteristic 
animal remains are found in several portions of the de- 
posit, it is possible that all these successive diluvial masses 
might be brought by the varying impetus of one continu- 
ous or intermitting general convulsion. l)e Beaumont, 
from his admirable survey of the Alps, infers with great 
probability that the diluvium around these mountains 
belongs to two distinct periods, and was occasioned by 
two separate convulsions affecting the Alps. B> the 
former convulsion, which clevuted the Western Alps 
from Dnuphiiie to Mont Hlanc, prodigious quantities of 
debris rolled off to the West, and by the second ronvul- 
sion, which elevated the Eastern Alps from Mont Hlanc 
to Vienna, the old diluvium was dislocated, and floods 
were occasioned, which transported n great quantity of 
materials over the detritus of the former period. lieu*, 
also, we must be cautious in the inference. That some, 
intervals happened amidst the diluvial disturbances, that 
the diluvium is of urn (pud antiquity is clearly proved ; 
but nothing lms yet been established conhury to the 
generul view of this subject, which wc have before sug- 
gested, viz. that the diluvial phenomena, were produced 
during a comparatively short, period of convulsion of 
the land, and consequent agitation of the sea, ensuing 
upon the completion of all, or nearly all the marine 
strata, now npputent above the sea, and subsequent to the 
hubitution of at least the Hatter regions of the Kaith by 
various races of quadmpeds now extinct. This is all that 
can he safely asserted in the present state of Geology. 

In all the periods of time which elapsed during the <; ( . 0 |„jr K . ,| 
formation of the stratified rocks, there is no evidence mumnm-ni , 
that Man was a dweller on this Globe. Not in the °l *lw e\ ut- 
most recent of the tertiary strata, neither in the litlmal 
nor in the lacustrine deposits of that period, have any 1 u 
traces of Man or his works been perceived. This ought 
in no degree to surprise 11s, for all the animals and 
plants ol that and earlier periods were parts of an ear - 
Her system of organized nature. Hut it appears some- 
thing extiuordinary that bones of men unci vestiges of 
human urt should have been so rarely found in any of 
the ascertained deposits of the diluvial era, except under 
dubious or explanatory circumstances, since at that time 
the earth had assumed its present form and appeurauev, 
and was inhabited by races of quadmpeds which, if no* 
specifically the same, were, for the most part, closely 
analogous to those which now live ; in particular, the 
horse and domestic cattle, animals so singularly ser- 
viceable to and dependent on Man, existed in great 
plenty iu the Northern zones, and, therefore, the present 
system of organized nature, of which Man is the heud, 
may be said to have commenced. 

That the bones of men are as dui able ns those of 
quadrupeds, is established by comparisons made on 
fields of buttle, and, therefore, if he lived with the mas- 
tozootic quadrupeds, his remains should, under some 
circumstances or other, he found mixed w'ith theirs. 

Dragged into a den by the prowling hjjcim. or acci- 
dentally lost in a fissure, or overwhelmed by waves and 
buried in diluvium, wc should ficquently meet with the 
bones of our ancestors. Old writers, who saw in every 
4 Y 
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ouy. Ibinp; only the traces of a general deluge, are full of 
Cii I i. discoveries of the bones of men ; but modern anatomy 
J has assigned them to their true analogies, the elephant, 
salamander , and saurian . In modern times a few 

examples of hones of men, found under circumstances 
arguing great antiquity, have been recorded. Upon 
strict examination it appears that in most cases these re- 
mains belong to a later epoch than the diluvial convul- 
sions : the petrified bodies of the coast of Guadaloupe ure 
enveloped in comparatively recent accretions ; the human 
remains of the valley of the KIster, near Leipzig, appear 
to have been inhumed since the general dispersion of 
diluvium ; the woman found in Puviluud cave was of an 
early British era. The only cases remaining for further 
examination are some caves in the South of France, 
where the remains of Man and rude pottery are found 
mixed with a quantity of hones belonging to extinct 
species of animals of the uiasto/ootic era ; superficial 
deposits in linden and in Austria, where remains of men 
with depressed skulls (as if occasioned by unnatural 
bandages) are found ; and (he remarkable notices by 
M. Bone of mingled human and animal remains in the 
bicccin of Nice and Dalmatia. 

I„ ,„th Without stopping to discuss the vet imperfect evidence 
mu', concerning the antiquity of these remains in the breccia 
and superficial accumulations, we shall pass to the con- 
sideration of the caves in the South of France. From 
the examinations of Tournal, Clirislol, and Marcel dc 
Senes a considerable body of evidence has been col- 
lected concerning the caverns of Bize, (Audt\) Durfbrt, 
Pondrcs, Souviguargues, (Gard,) and from the similar 
state of conservation as well as mixture of the bones of 
men and animals in the caverns of Bize, M. Tournal 
dcudes positively that their age is the same. These 
a nil uuls are stag, chamois, roebuck, antelope, and 
bear, which hardly require to beeonsideied of the mns- 
to/.ootic era. The same conclusion was drawn by M. 
i’hristol, fiom subsequent researches in the caverns of 
Cjiinl, in which the animal remains were decidedly of the 
same era as the fossil elephant and rhinoceros. But the 
most instructive, probably, of all those discoveries, is 
that of the cavern of Miallet, near Andiize, (Gard,) com- 
pletely investigated by M. Teissier. This grotto, 
situated on tho banks of the Gardon, is opened in a 
dolomitie rock subordinate to the lias, on a steep slope, 
thirty metres above the valley. The lower laver of the 
interior of the grotto is dolomitie sand, irregularly over- 
spread by a thin stalagmitic crust, and in places by an 
iirgillo-fcrriiginuus mud, more than a metre thick, and 
adhering in several places to the roof and sides. In 
this bed were discovered in great abundance, and excel- 
lent preservation, bones and teeth of large bears, and 
with them a few bones ofhyuuia, ruminantia, and birds; 
iiuder the stalagmite, and under a bed of loamy sand 
from two to lour decimetres, a great number of human 
remains was found in various parts of the grotto. In 
the deptli of the cavern they are unquestionably mixed 
with the bones of bears, which predominate; towards 
the entrance, on the contrary, human remains are most 
abundant, and appear of less antiquity. Upon the 
ossiferous loam, under a little projection of rock, was 
discovered a human skeleton nearly entire, near it a 
lamp and small figure in earthenware; further off 
bracelets of copper ; in other situations coarse pottery, 
wrought bones, and edge tools of flint, indicative of 
ruder industry. The human skulls were depressed from 
above, apparently by artificial means, thus presenting a 


deceptive resemblance to the negro, though really be- 
longing to the Caucasian race of men. - v " 

M. Teissier infers from these data that the accumula- J 
tion of distinct periods can be traced in this cave 1. 

The mastozootic or antediluvian era of the bears, with 
whose remains those of men are mixed, perhaps by sub- 
sequent natural or artificial means. 2. The era of rude 
civilization, (probably Celtic,) when the coarse pottery, 
flint tools, &c. were introduced, perhaps, to grace the 
sepulture of individuals. 3. The era of Roman Arts. 

There is no necessity of hazarding a definitive con- 
el Obion on the antiquity for these human remains, be- 
cause there is very greut probability of gathering much 
additional information by the discovery of new caves 
under different circumstances. In the mean lime we 
may remark that the principal arguments for the coeval 
existence of men, and extinct pachydermata and carni- 
vora in the South of France, is the intimate mixture 
and equal conservation of the bones ; and these argu- 
ments should not be slighted, for they would, probably, 
not have been resisted in any case of the mixture of 
quadrupedal remains. On the other hand, the known 
tacts that many parts of the Mediterranean shores were 
anciently possessed by Troglodytic nations, and that the 
custom of burying iu caves, as well as retiring to them 
for safety, was very general in these Countries, adds 
great force to the opinion of M. Desnoyers, that, in 
most cases the human remains are of no greater anti- 
quity than the early Celtic Ages, in which very similar 
works of Ait were executed. (Sec Desnoyers, Rapport 
a la Soc, Gcal. dr. la France, 1K31A 

It is clear that ossiferous eaves have received their 
contents, some at one period, and some at another, and 
that in others operations of the same kind, repeated at 
very dilfercnt periods, have consigned to our investiga- 
tion \nonuments of all the great zoological changes 
which have happened on the dry land since it first be- 
came tenanted by mammalia. The whole subject must 
yet receive a great accession of well-observed facts. 

One remark, concerning the excessive rarity or lion-ex- 
istcucc of human remains in diluvium, and in caves of 
the clephantoidal era, may be of considerable importance. 

Those parts of the Earth’s sniface to which traditions 
ami, perhaps, general reasoning, seem to point as the 
first sites of the human race, the central regions of Asia, 
have been as yet little examined with reference 1o this 
question. It may be very possible yet to discover them 
there even iu abundance, though in the high Northern 
regions men may not have existed till much later periods. 

It is a singular fact that the Quadruinana or monkey 
tribes which, so nearly approach to the bodily organi- 
zation of man, ure equally absent from the deposits of 
which we are speaking. 

Upon the whole, the evidence yet obtained concerning 
the Geological period when the humuu race began to 
exist on the Globe, is very imperfect, and wc may, per- 
haps, wait long for more full information. In the mean 
time, it may be stated as a general admission that Man 
did not exist on the Globe duriug the secondary, and, 
probably, not during the epoch of tertiary formations, 
ami that sufficient evidence for his coexistence in 
Northern climes with the mammoths and hippopotami 
is yet wanting ; but as the races of oxen, horses, camels, 

&c. had then begun to exist, it is a reasonable expecta- 
tion that, eventually, this question will be decided in the 
affirmative. 

We shall conclude our remarks on this interesting 
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class of deposits by some attempt to assign the causes of 
the diluvial phenomena. Those who refer these effects 
to one universal flood sweeping over the whole Globe, 
must of necessity aserhe such a mighty catastrophe to 
some great astronomical cause, such as the appulsc of a 
comet, or the displacement of the axis of the Earth, or 
appeal to a miracle. But as we cannot venture to as- 
sume that what we name diluvial phenomena are of uni 
versal extent, or were occasioned by a single convul- 
sion, nor are entitled at our pleasure to disturb the 
harmony of the Solar system, nor to help our ignorance 
by invocation of miracles, these conjectural hypotheses 
must be passed by in silence. From what 1ms been 
previously stated, we are entitled to look upon the dilu- 
vial epoch as a short period of violent tumult in the 
ocean, like many which have happened be lore ; perhaps 
more extensive, but certainly similar. Why, then, 
should we not refer it to the same causes? As the ele- 
vation of the beds of the sea after the gmmvackc period, 
after the carboniferous period, after the cretaceous period, 
produced large and violent floods, and caused the for- 
mation of extensive conglomerates, so the elevation of 
the Alps may have caused the diluvium which has 


rolled troin them, and the elevation of the Scandinavian 
chains may have caused the transport of their granites, 
sieuites, and limestones across the Baltic, and along die 
plains of Germany. That the Alps liuve been elevated 
from deep sea is the universal conclusion of observers ; 
that the whole chum has been raised at a comparatively 
recent, period is certain; and there appears every reason 
to believe that the dispersion of the boulders was conse- 
quent upon tile elevation of those parts of the Alps 
from which respectively they were detached. 

We cannot apply this mode of leasoiung to the Cum 
brian mountains in England, for these appear to have 
been elevated above the sea at a far earlier epoch than 
that now under discussion. In this aw, then, the 
effect must be ascribed to a cause acting from a di\tan\*\ 
which would agree with the magnitude of the pheno- 
mena observed, and lend to the notion of some wiv 
general convulsion preceding the diluvial imminent 
Upon the whole, wo will \ciiturc to conclude that the 
diluvial currents were occasioned by conwilsivc move- 
ments of paits of the solid fabric of the earth, of suflicionL 
force to throw the waters of the sea over distant regions 
of dry and elevated land. 
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Tabic of Organic Remains in Caverns and Superficial Dt posits subsequent to l tie T* rtiary Period . 

N. U. Kxtinct genera arc marked with an asterisk. Caverns marked with (#•,) Breccia with (A.) 

Nami*. In Caverns nnd Tlrecrla of all Atfc*. In DUuvlul nuil Earlier Accumulation*, 

u f ( c, Gailenreuth, Zahnlnch, Pnviland, Bi/c,l .. ... llt . 

Rem ;ini3 of men { |) Iir t„ r |, IVulics, Sumi-mwa., Sicily . . ./ Ko “‘ r,,/ » Hhme Vnllcj, A, &c. 

b. Nice, Dalmatia. 

Yuspcrlilio Fiauroma, Franco Kontritz. 

h. Cagliari, Antilles. 

Sorex Avison. 

b. Sardinia, Dalmatia Ditto. 

Talpa Avison Ditto. 

Ursus mh» 1 ebu 9 , Blum c. Germany. France, Kn 'mi I,,, 

b. Krain, near Kremlin, M-uutcr j * * l 1 *° 11, 

nrctoideus, Blum e. Franconia, Biw, Sallele-, l, mid Vieil. 

eiiltridens, Cuv Siindwieh, Kent's Hole Val* d'Arno, Puy de Dome, 

other species c. Franconia, Sundwich, Foiiz.m, Salleles. 

b. Perpignan .. . Puy de DA me 

Nasua, Cuv b. Nice. 


Melcs vulgaris 

Gulo spdieus 

Viverra, Clift 

Canis spelaeiis, (Wolf.J 


fainiliaris. . . . 
other species . 
Vulpes vulgaris P ... 


b. Lund Vicnl, Salleles. 

c . Gailenreuth, Sundwich. 
r. Hnd A. Australia. 

c. Franconia, Bi/e, Salleles, Kirkdale 

b. Sardinia. 

r. Lunel Vied. 

c. Franconia, Bi/o, Sal Ides 

b. Sardinia ; c. Kirkdale 


Yorkshire, 


, . Vtif d’Arno, Avaray. 
. . Perrierhurtf. 


{ c. Kirkdale, Plymouth, Swansea, Pavihnul, i r ., . I4 

Muggondorf, Ilarz, Fou vent, Sandwich, > \ l T * d, |I * r ‘ ,c 

Lunrl Vieil, Homlrci, Kent* & c. . • b,,r ** Abbl,¥,ll ‘-> I a ' 


ichsfndt, Val’ d'Arno, llerz- 
awlbrd. 


other species, Goluf. . 


Franconia, Sundwich, Lund Vieil Puy de Dome, \ day. 


,, lir f r > Kirkdale, Plymouth, Gailenreuth, Baumann’*. 1 

Kl.» spcliea, C,oUf. { Holile. Suiidwu h, Lunel V..-.1 I Kul,,,,,/ > V 1,1 J Ar " 0 ’ «‘elbcck s m Vorkuhiro. 


Puy de DAmc. 


untiipia, Cuv <*. Gailenreuth; b. Nice. 

other species Upper Italy, Pay do Dome. 

Mustda (polecat) Lunel Vieil, Gailenreuth. 

(weasel) Kiikdale. 

Lutra antiqua, M. de S c« Lunel Vieil. 

other species ? • . » * . Puy de DAmc. 

Dasynirua, Ilypsiprymnus | 

rh^oloi^s" ' kangaroo ’ and j c - Austral,a ' ( Chft ) 
wombat J 

Castor Lunel Vieil «... Val’ d* Arno, Puy de DAmc. 

•Trogontherium Cuvier. i, (Fisch.) Tugmirok, mvir the Sea of Azof. 

Werneri, Cuv Jai.wlav. 

•Osteopora platycephala (Harlan) Near the Delaware. 

{ t — 

A . . / '*. Kirkdale, Gailenreuth, Sundwich, Gibraltar, 

Anr,coUl I Nice, Cette, Corsica, Sardinia. 

Ilystrix Val* d Arno. 
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^ arRC| In Cax'rriiH and Jlrectla of all Ag«M». 

„ .... , / r. Kirkdalw, Fraiiciiniu, Sundwich 1 

L^/UR (liliivianiH mu! others. . { fj (; 0rHicat Nic * J 

Lngmnys n.rsir.uius Brurdi-t . . . d. Sardinia, Gibraltar, Otte, Nice. 

Chtonimyjt 

*Mrg iIIhtihiii C’nxirru 

♦.M^r.il.inyx JrlliTsoni 

Dasvpus, Biavard 

'. - in ( c. Kirkdale, Warkuworlh, Ml- ml in, Swansea,! 

1,1, j, lias , .rump-nun, Blum. . . { Mu^en.lorf, Fonve.it } 


iiiunilimiuliM, Ncsti 

l>riHCiM, Gold., ruMciubliug 1 

the Ai‘ru an elephant . ) * * 

seu’ral other Hpecies, ac-\ 
cording to Fincher . . . . J 

♦M.ivtodon lnaximoH, Cuv 

angiibtidens, Cuv. 

undiiun, Cuv 

Huinluildtii, Cuv 

eh‘j)hantuiiU*s, Clift 

lntidcus, Clift 

urvcrmmsi*, C. and J 


Hippopotamus major, Cuv 

undetermined c. 

Rhinoceros tichorhiuus C’uv. . { r * 


: { 

Palermo, Australia 

Kirkdali*, Waikswoith, Plymouth, Swansea,! 

Il.irz, Sundwich, Fouveut J 

Nice. 


lentorhinuH c. Lumd Vicil 

minutus Cuv r. Luncl Vieil, Pondres, So uvign argues. 

clatun, C. and J 

undetermined 

♦Klasmotheriuin Fischen 


KquuM, perhaps more than one 
species 


Si is 

other species 

*Clurropot!iinm 

+Mencothcrmm Sibencum . • • . . 


{ c. Bize, Sail eles Aigmi, Pondres, Ltmel Vieil, 
Fouveut, K irkd.de, Mendip, Clii’tou, Ply- 
mouth, Swansea 

b . Nice, Antibes, Gibraltar, Duluiutiu, Arra- 

gon 

. r. Mendip, Size, Franconia 

. r. Sundwich 

. b. Vilbdrimche-Laiirngimis 


Ccrvus megaceros, Hart 

tarandus priscus ...... 

tarandus 

daina gigaiitcus 

poliguacua 

elaphus 

Rehoullii, Christol 

several others 

Antilope Christollii, M. de S. . 

other species 

Ovis 

Dos priinigenius, Bojuuus 

priscus, Boj 

homhifrons, Harl 

trochocerus, Von Meyer. 

Pallasii, Dekny 

Vehiunus 

undetermined 


. . c. Kent’s Hole 
. . Brcugue 



In English caverns generally 

c. Bize, Salleles. 

e. Ditto, ditto 

b. Gibraltar. Cettu, Nice, Antibes, Pisa. 

, . c. Bize, Salleles. 

, , b. Nice, Arraguii 

, . b. Villefiaiiehe-Lauragiiaio. 

I c. Salleles, Bi/e, Luncl \ n il, Argun, Pondres, 
| Sou viguai goes. 

( c. liizo, Souvignurgues, Luncl Vied, Pondres, I 
I Argon, Salleles j 


Kirkdale, Mendip, Plymouth, &c. 


In Dilnvitd and Earlier Accumulation 
Puy do D6tne. 

Ditto. 

North und South America. 

Ditto. 

Puy de Dome. 

Very generally in Europe, Asia, and North America. 
Upper Italy, Puy de Dome. 

Yorkshire, Rhine Valley, Wittenberg, Russia. 

Russia, PudoUn. 

Very general in North Aineiica, Norfolk. (Smith.) 

Andes. (Ilumholdt.) 

Chili. 

Iruwadi in the Birman Empire. 

Ditto. 

Puy de DAme. 

In England very generally, Upper Italy, Puy do 
DAme. 

Irawadi. 

Siberia, England, Germany, France, Val* d’Arno. 

Cussoc. 

Puy de Dome. 

St. Privat d’AUier. 

Siberia, 

Kiistritz, Brunswick, Canstadt, Val’ d’Arno, Oxibid, 
Essex, Yorkshire, (frequent,) Law ford, Ac. 

Oxford, Val’ d’Arno. 

Puy de Dome. 

Irawudi. 

Siberia. 

Very general in lacustrine deposits, probably less an- 
cient than the diluvial deposits, England, France, 
Ireland. 

Europe. 

Kiistritz. 

Abbeville, 
this sac, 

Frequent in England. 

Cussac, Puy de DAme. 


Irawadi, Kbstritz. 


Siberia, North America? Yorkshire, and various 
parts of Europe. 

Bigboue Lick, &c. 

Unper Italy. 

Siberia, New Madrid. 

Cuskhc. „ 

In various parts of England. 
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We have not ventured to admit into the preceding list, 
the numerous remains found iu the irouy sands of 
Eppclsheim, which are stated to be related to the tertiary 
limestones of that vicinity, in which also (see Meyer's 
Palfcologica) bones of rhinoceros, &c. occur. These 
remains consist of species of gulo, fells, (not those of 
the caverns,) several small rodentia, cricetus vulguris ? 
moschus nntiquus, 5 species of cervus, (not those of the 
diluvium,) rhinoceros Schleiermacheri,(Kaup f ) mastodon 
ongustidens, m. arvernensis, 3 species of equus, tapirus 
priscus, lophiodon Goldfussii, sus antiquus, s. palce- 
ocherus, diuothcriuro giganlcum, d. bavaricum, manis 
gigantea 


It may be remarked that in the valley of Rhine, and 
in some other parts of the Continent of Europe, where 
local tertiary sens have left agitated deposits along their 
shores, and in the line of their currents, it requires ex- 
treme caution to apply with propriety the term diluvial. 
Ry an appeal to the organic exuviae, where these are 
sufficiently plentiful, it may often be possible to resolve 
the doubt, especially where remains of the pachyderm ata 
are numerous. Thus elephants, hippopotami, rhinoceros 
tichorhiuus, and certaiu bovine and cervine remains on 
the one hand, and, on the other palacothcria, lophio- 
donta, &c. offer strong contrasts. But this test cannot 
always be applied, and it then becomes difficult to rely on 
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the minute distinctions which probably almost always 
exist between the tertiary and diluvial species of the 
same genus. In this research much yet remains to be 
effected. Cases like those of Eppelsheiin and Georges- 
gemiind become in this point of view exceedingly im- 
portant ; for, by a comparison of many such instances, 
the series of zoological changes on the land, between the 
beginning of the tertiary and the end of the diluvial 
periods, may perhaps be eventually determined. At 
present we can only perceive that in general the paltc- 
otherian inhabitants of Europe hud mostly ceased to ex- 
ist in these limited districts before the clophantoidal races 
had spread themselves so widely over the Northern zones; 
and can clcurly show that the proportion of species be- 
longing to extinct genera in the undoubted tertiary de- 
posits, was at least half, while in the undoubted 
diluvial deposits and caverns of the same date, it was 
about one-fifth. The remarkable extinct genus mastodon 
is common to the tertiary and diluvial periods, and there 
seems good reason to think that in some of the localities 
in North America, remains of these animals lie in 
postdiluvial lakes, like those which contain in Ireland 
and Yorkshire the bones oftheccrvus ineguccms. Some 
remarks bearing oil the general question of the deter- 
mination of the Geological epochs of marine and littoral 
deposits, by compaiison of their quadrupedal remains, 
will be found under the head of the tertiary strata. 

Deposit* of the Modern Era. — Modern Causes in Action. 

Having now concluded our descriptions of the strata 
and aqueous products recognised in the crust of the 
Globe, and also traced the effects of subsequent extraor- 
dinary inundations upon the surface, arising from local 
changes of level or general internal convulsions, it re- 
mains to be seen whether the causes now in action in 
the modern economy of Nature arc of the same kind 
as those which were formerly concerned in producing the 
arrangements and disarrangements observed in the crust 
of the Globe. 

This is the true cardinal point of theory. According as 
the one or the other conclusion on this point he adopted, 
we may attempt to explain the ancient phenomena by 
modern laws of Nature, and thus connect the present and 
the past, the extinct and the existing history of our Pla- 
net into one system of progressive change, according to 
the school of Hutton, Playfair, and Lyell ; or suppose 
that in the chaotic infancy of our Planet, laws peculiar 
to thut period prevailed, uud properties of matter were 
unfolded then which never show themselves at present ; 
and that the ancient rocks and organic bodies belong to 
a wholly distinct set of causes, were the produce of a 
peculiar creative impulse, no longer permitted to ope- 
rate on the finished and man-inhabited Planet. The 
Wernerian cosmogony bears very much this aspect. 

But though, put this in direct opposition, the rival hy- 
potheses appear to have no point of union, we find, in 
fact, that between the opinion of Hutton, who considers 
Creative Nature to be perpetually in progress, — the same 
to-day, yesterday, and for ever — and the dogma of 
Werner, that the World was made by a certain settled 
sequence of events, to which uothing similar now hap 
pens, every variety of theory is adopted and defended 
We may, however, with rigid accuracy and much con- 
venience, rank them in three classes. 

1. The favourers of Hutton's and Lyell's views, who 
maintain that the causes now in action to change the 


level and alter the relations of the masses of matter near (.oology, 
the crust of our (ilohe, ure those which have oxer been t h. if. 
in action, identical in kind, and equal in degree, in all 
times past, and which may be expected to continue the 
same, in kind and degree, through the future. 

2. f I he general School of English Geologists, who Views of 
have always maintained, and laboured to prove, thut the Kiiglwh 
causes operating on the surface and in the interior of S ! 0,u, ‘' 1 0,1 
the Earth have remained through all times past uu- 1 hlll, J tct * 
changed in kind, and are still operating with the same 
tendencies as they ulwuys did, hut on smaller areas, and 
with less elFect. This view of the subject has a double 
aspect. English Geologists ha\e generally believed that 
as volcanoes were supposed to become languid llnougli 
want of fuel, ihe circumstances under which the mo- 
dern operations of water and fire are manifested in the 
general economy of Nature, approach more nearly to a 
state of equilibrium or saturation, and therefore afford 
no opportunity for the same extraordinary display of 
energy as in ancient times; but since the relative pe- 
riods of the great convulsions which have elevated 
chains of mountains, and given new boundaries to the 
ocean have been investigated upon sound principles, the 
mind lias become gradually familuuized to another notion, 
and habituated to contemplate long periods of ordinary 
and regular action of natural causes, interrupted by 
transient local or general convulsions. According to 
this modification of the hypothesis, the present is a pe- 
riod of ordinary and regular action, succeeding upon an 
epoch of violent disturbance. 

3. The old notion of despairing speculators in cos- 
mogony, who found it easier to cut the Gordian knot, 
by flatly denying the analogy of modem and ancient 
operations, uud either referring I lie wlmle beautiful older 
of the ancient works of Nature which they could not 
comprehend, to a momentary fiat of Deity, or to the 
rude and prolonged confusion of elements in chaos. 

This is (he only notice we shall take of that mere 
dream of indolence and deficient observation; for we 
have already proved thut the stratified locks are cer- 
tainly analogous in all points to the products of modern 
waters, and that the uiistratified rocks clearly prove 
their special origin from fire. 

As in our accounts of the construction of the Earth* 
crust we have resolved to separate the results of the ail 
cient operations of fire and water, so in our views of the 
modern effects of these agents, the same plan will he 
followed ; and, without stopping at every point to settle 
the precise amount of inference due to every datum, we 
shall present a connected view of the continual effects o 
the atmosphere, rains, springs, rivers, and the sea, on the 
surface of the Globe, before proceeding to the changes oc- 
casioned by more occasional eruptions of igneous agents 
from below, volcanoes und earthquakes, and other con- 
nected phenomena. Some general inferences, suited to 
the present state of the Science, may occasionally he ven- 
tured, and perhaps many years must pass before any one 
acquainted with the peculiar temptations to insecure 
hypothesis which sciences of obseivafion hold out, will 
venture to dignify his imperfect geiicializations with the 
delusive title of a Theory of the Earth. 

Wasting Effects of the Atmosphere. 

The gradiiui wasting of trie surface of the higher parts 
of the Earth is ail important element in Geological theory, 
and it is scarcely to be supposed that any Geologist can be 
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‘ j operations of water in producing the strati lied cni^t of 
our Planet, as to neglect the consideration of the analo- 
gous efl'eets which are in progress at the piesent time. 
The. following examples of the varied elfei ts of atmo- 
spheric influences, in modifying the surface of the 
erections of man and the works of Nature, are derived 
from the writer’s own observations, and it is to be sup- 
posed that they form hut a small part of the. current in- 
formation on the subject. 

The wasting effects of the atmosphere are those initial 
or preparatory processes by which eat thy materials are 
provided for rivers arid the sea to transport and deposit 
in new situations. 

These pmeesses, as far as they depend on the atmo- 
spheie, are chemical when the atomic composition and 
the propei ties of the paits are changed, mechanical when 
their state of aggregation is altered ; and this may hap- 
pen h\ "cncr.d humidity, variations of moisture, vari- 
ations of temperature, or precipitations of rain. 

It is not, however, always possible to distinguish accu- 
ral**!} the elleets of these several causes. Many natural 
ugencie^ are often concerned in one operation, and the 
general result is the sum or the difference of their effects. 
The chemical effects of the atmosphere are evident in 
buildings and on the surface of certain rocks, Hie same 
process which slowly reconverts the mortar of walls into 
carbonate of lime, frequently causes the pulverization 
and bursting of the bricks, in consequence of the expan- 
sion of the small liia-.se'- of lime which they contain. 

The surface of bricks is often covered with a saline 
efUoiescenee, which is generally nitrate of lime, but 
sometimes muriate of soda. The surface of the yellow 
limestone near Doncaster is sometimes covered with a 
nitrous efflorescence, and so is the calcarco-magnesian 
uioitur made from it. 

Waste of The exterior of most uncrystalline rocks and buildings 
l'l'lsj uthic seems to be slowly eaten away by the moisture and car- 
ux bonic acid of the air ; but the influence of this destructive 

agent is most remarkable among the fehpatluc rocks, 
whether like granite they are originally crystalline, or 
like millstone grit composed of fragmented masses. The 
fclspathic portion of the by perstbene rocks of Cur rock 
Fell is so wasted that the crystals of hypersthenc and 
magnetic iron are projected from the surface consider- 
ably. Some greenstone dykes are thus entirely decom- 
posed to great depths from the surface, and whole rocks 
of granite, secretly rotten, wait only for an earthquake, 
or a water spout, to be entirely reduced to fragments. 
Those who have seen the crumbled granite of M un- 
caster Fell, or Castle Abhol in Arrau, surrounded by 
heaps of its disintegrated ingredients, must have been 
struck by the importance of this phenomenon in rea- 
sonings concerning the origin of many stratified rocks. 

Both caibonic acid and oxygen act very decidedly 
upon the metallic, and particularly the ferruginous in- 
gredients of rocks, and thus swell and burst them to 
pieces. Sometimes, however, this very cause seems to 
harden and bind together the rock, and to render it 
more durable, and iu general, there is no certain test of 
the durability of any stone but experience under the 
same circumstances. The Bath stone, so permanent 
amongst its native hills, perishes ill the salt air of Nor- 
folk, and few calcareous freestones of any kind will long 
resist the carbonaceous atmosphere of London. 

It is worthy of remark, that sculptured stones buried 
under ground are perfectly and even wonderfully pre- 


served, while their fellows left exposed to the sky have 
been almost crumbled to dust. A tine example of this ' J* 
was noticed in liic course of the excavations for the « . 

Yorkshire Museum, by which the statues which once power of h 
stood l>etween the arches of the nave of St. Mary’s the ground. 
Abhey were discovered, some with blue others with red 
drapery, one with gilded hair, all retaining the most 
delicate chisel marks. A few yards from them, at the 
West end of the Church which they once adorned, the 
atmospheric influences have nearly obliterated a beauti- 
fully sculptured wreath of leaves round the doorway, so 
that Antiquaries have doubted whether they were meant 
to represent the vine or the ivy. 

Frequently, in looking at buildings composed of po- Waste from 
rous materials, like the Portland stone, or a grit free- humidity , 
stone, we observe the parts which are overhung by a 
ledge, and thus kept in a state of continual shade and 
dampness, to he more rapidly consumed thuu the pro- 
jections ; but the parts which hasten soonest to decay 
are those near the ground. The same rules are exem- 
plified in many rental kable rocks, as for instance in the 
quartzose conglomerates of the old red sandstone of 
Monmouthshire, and the millstone grit of Bnmhuin 
Crags in Yorkshire, The “ Buckstone” near Monmouth is 
ft huge rock inversely conical, expanded above into a 
large area, but contracted below by continual waste to a 
narrow base of attachment. This process, a little fur- 
ther continued, might convert the buckstone, as pro- 
bably some nf the stones of Brimham have been con- 
verted, into a “ rocking stone.” 

Iii Northern zones the variations of heat and moist- from 


ure arc greatest on the South and West fronts of changes of 

buildings, and in consequence those fronts to our Cathe- 

dials decay most rapidly. This is remarkably the case muli> ure * 

with the grand Cathedral of Yoik built of magnesian 

limestone, which is in many places quite consumed on 

these fronts, but comparatively uninjured on theNortli- 

in ii face. 


’flic wcatnering of the surfaces of buildings by the 
fluctuations of heat and moisture is partly dependent on 
the structure and composition of the stone. The flag- 
stone of Yorkshire is iu many houses at Bradford gra- 
dually decayed grain by grain, so that the surfaces of 
the stone, continually renewed, and never permitting 
the growth of lichens, appear always neat and clean. 
The magnesian limestone of the same County, often 
traversed by veins of calcareous spar, presents fre- 
quently a cellular or honeycomb appearance, in conse- 
quence of the projection of these veins above the exca- 
vated limestone ; but the coarse shelly beds of the 
Northamptonshire oolites, and the irregularly laminated 
millstone grit, are decomposed in lines corresponding to 
the inequalities in the composition of the stone. 

Iu these cases the stone appears to undergo gradual 
and continual waste; but sometimes the whole suiface 
exfoliates. Basalt very frequently suiters this kind of 
waste, granite not seldom, and it has been supposed 
in these instances, that the atmospheric action merely 
discloses the latent concretionary structure of the rocks. 

The following examples require a different explana- 
tion. The bridge over the Wear beneath the Western 
lowers of Durham Cathedral built (about 40 years 
ago ?) of a sandstone associated with coal, is orna- 
mented with a balustrade, and the little pillars are 
worked with various swellings and mouldings. In 
crossing this bridge many years since, the writer struck 
one of the bulusters with his hammer, and being much 
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surprised with the hollow noise vthich ensued, stopped 
to uncertain the cause. It was found, in many instances, 
that a thin, external coat of stone parallel to the mould- 
ings was entirely separated from the internal nucleus, 
and ready to scale off upon the slightest blow. The 
Western front of the ancient and beautiful little Church 
of Skelton, nenr York, built of magnesian limestone, 
shows the same kind of decay in a direction across the 
bed of the stone. The Yorkshire flagstone is occa- 
sionally used, to make curb stones of two feet in height, 
the lamine being placed vertically, and the block worked 
above to a semi-ellipsoidal figure. Even these lami- 
nated stones frequently exfoliate parallel to the tooled 
surface. The ramparts of Zurich are built of sand- 
stone, belonging to the tertiary system, (molusse,) and 
the stones are cut with a boss along the middle and a 
depressed border. Desquamation happens parallel to 
the artificial surface. 

Since, in these various instances, desquamations are 
found to occur parallel to the surface, without reference 
to the internal lamination of the stone, the mere circum- 
stance of exfoliation seems insufficient to demonstrate 
the originally concretionary structure of basalt and gra- 
nite. It is, nevertheless, very probable oil other grounds, 
that basaltic pillars, if permitted to assume their natural 
shapes, without pressing one against another, would re- 
semble a number of superimposed spheroids. 

All the cases of desquamation seem to arise from an 
alteration of the degree of coherence of the stone, where- 
by the external crust is made to expand and contract 
differently from the internal parts, and, in consequence, 
is soon separated from them. The surface of stones 
long exposed to the weather is frequently much indu- 
rated, while the inner parts remain soft. (This is the 
case in the outer circle of Stonehenge. Mr. W. Smith.) 

Frost is likewise an important agent in reducing to 
smaller masses the materials of the Earth. Some stone, 
if brought to the surface in Winter full of its “ quarry 
water,” will break in pieces directly. Advantage is 
taken of this circumstance by the slate- workers of Stones- 
field and Colly weston, who quarry their stone in (he 
Winter, taking care to shield it from the Sun ami the 
wind till the frost has acted upon it, with the aid of 
aifused water, if necessary, which, by disclosing the na- 
tural fissility of the stone, permit the blocks to be cleft 
into thin, sound, roofing slate. Landslips in mountain- 
ous regions are, probably, much accelerated by the 
power of frosts. In ascending the Righi from Weggis, 
on the Lake of Lucern, we are much struck by the 
extraordinary length and continuity of the joints of the 
niigclll ue. It is from these natural partings that the 
landslips fall, when repeated rains, snows, and frosts 
have worn or buist them open, and the water passing 
down them undermines tlu* foundation of the cliff. 
Thus huge blocks, liberated from their attachments, roll 
down the steep descent, or half the summit of a moun- 
tain slides upon its argillaceous bed. Vast portions 
have thus slipped from the Righi towards the Isthmus 
which divides the Lakes ni'Zug ami Lucern, and others 
are preparing to follow. The fissure is already opened 
parallel to the edge of the precipice, and pervious below, 
so that a stone thrown in at the top, is said to fly bound- 
ing out at the base. 

We come now to the effects of rain, and without 
dwelling on the general degradation of the softer sur- 
faces of the Earth caused bv this agent, wc shall pro- 
ceed to show, that within the historic era hard and dur- 


able stones have h.*en greatly furrowed by the rain, GooUujy. 
and that in more undent periods, the precipitations from * 
above have carved themselves channels of various kinds, 
and sometimes occasioned real though miniature valleys 
of great length and continuity. 

Many Druid ical monuments in the North of Eng- on tumm 
laud arc constructed of course millstone grit, a rock 
admirably suited for yielding those enormous blocks * 

preferred by the ancient Architects. Three huge Druidi- 
cal stones, now standing near lioroughhi idge, < ailed tlu* 

“ Devil's Array's" present us with u nud instructive 
lesson on the ultimate fate of all human erections ex- 
posed to the ravages of time. 

The rain, heating for ‘2<H)0 years upon these vene- 
rable pillars, has cleft their tops, and ploughed deep 
furrows down their sides. The grooves are deepest ut 
the top, and become wider and less distinct towards 
the bottom ; they cross indifferently the fiilse-heddnl 
layers of pebbles, and go directly downwards. One of 
the stones leans remarkably and thieafons to full, but 
an examination of the furrows shows the inclination to 
be of most ancient date, for they descend much further 
down tilt* pillar on the upper iiicliucd lace than on the 
under. 

Similar effects of rains are visible to a gi cater extent 
on the hold crags, like Almias cliff mid Hiimlmm rocks, 
which crown the summits of so many hills of Noitli- 
Western Yorkshire, liom some of which the Devil’s 
Arrows were obtained. 

Jn the valleys of Swisserland (Sarncn) blocks of 
limestone, which have fallen from the mountain sides, 
have been furrowed in tlu* same way since their de- 
scent. 

The carboniferous limestone of England lias been on im-ky 
little employed in building, except partially in old castles, chils ami 
where it seems durable, unci they who know the mag* ,lours - 
nifieent ranges of sears which begird the hills of Derby- 
shire and Westmoreland, will acknowledge that few 
rocks seem more likely to endure the rage of the ele- 
ments. Hut yet close inspection of these giant dills 
will prove that time has been busy there, ’flic dry and 
blenched aspect, and the smoothed angles, show plainly 
the wasted surface. Those who have stood on Dowanl 
Hill, near Monmouth, to contemplate the rain-furrowed 
white limestone there, will not need another example. 

In the North of England analogous and more icmar li- 
able instances present themselves in the wide limestone 
base of Ingleborough, and in Hutton roof crags near 
Kirhy Lonsdale. 

The vast limestone floor which supports the cone of 
Iiigleborongli is marked in all directions by natural fis- 
sures, and divided into compartments like a map. 

If one of these compartments be examined in the 
Western part of the mountain, its surface will be found 
scooped into little hollows which unite into a common 
channel, and terminate by indenting the edges and fur- 
rowing the sides of the fissure. They are, in truth, 1 

valleys in miniature, separately produced by the drain- 
age, so to speak, of the several blocks. 

The mere decomposing effect of the atmosphere pro- 
duced on the edges of the stores a ditlerent effect, by 
wearing away the softer lomimc, but the einoolh surface, 
of the miniature valleys, their regular descent, winding 
course, nncf union into a common channel, show that 
they were fashioned by the repented operation of de- • 

scending rain. 

This scar is nearly level, hut in Hutton roof crags wo 
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have an opportunity of tracing the Tain channels over 
’ an immense surface of bare limestone rocks lying nearly 
level on the hill top, but sloping rapidly down the sides 
to the East and South. On the level (op of the hill the 
stones are variously worn in hollows and grooves irre- 
gularly united and running in different directions ac- 
cording to little variations of the ground; but on the 
steep East and South slopes (he channels are extended 
into long furrows, which, uniting at acute angles, en- 
large, widen, and descend the hill side, in lines follow- 
ing exactly the declination of the rocks, and stopped 
only by the few and distant fissures beyond which other 
systems of concurrent grooves begin. 

Ham chan- It is impossible by drawings, or descriptions, to con- 
iuls like v ey Bnch an idea of the appearances of the Hutton roof 

xaUoys 1110 crags, ns to awaken in others the deep impressions 
which are fixed for ever in the mind of the observer. 
The astonishing resemblance which these little rain 
channels present to the great system of valleys which 
undulate the stratified rocks, seizes upon the imagina- 
tion, and we re-examine alt our notions of the origin of 
these great undulations. The fissures in the limestone 
rocks which stop and swallow up the gathered streams, 
are analogous to those longitudinal valleys beneath 
the escarpments of the oolites, and the chalk by which 
the rivers are turned at right angles to their earlier 
course, while the lower edge of the fissure corresponds 
to the escarpment itself, w^th its new system of denu- 
dations. 

To see these rain and time ploughed furrows winding 
in uncertain directions over the horizontal limestones on 
the hill top, like a slow river in n level plain, but run- 
ning a straight downward course on the slopes, like a 
stream descending from its parent mountains, is enough 
to impress on every beholder a secure conviction that 
the excavation of valleys must be explained upon similar 
principles ; that, as the feeble currents of descending rain, 
aided by long time, have been sufficient to plough their 
little courses, so the greater action of existing streams 
has been sufficient to work out their actual channels, 
though the excavation of the broad valleys in which 
they run, may have been accomplished by more violent 
and voluminous waters, flowing in directions predeter- 
mined by ancient subterranean movements. 

KflVcts of It is probable that the alow but incessant action of 
inuntla- rain, beating perpetually on the hard and the soft sur- 
tjoim. face of the Earth, and removing grain by grain the ma- 
terials loosened by theexpnnsive agency of frost, mois- 
ture. and chemical changes, may he, in a given long 
series of years, more important in its elfects than the 
violent water-spout, or the ravaging inundation of a 
bursting lake. Yet the effects of water-spouts are tre- 
mendous in Countries composed of easily destructible 
or unequally indurated materials, A water-spout which 
fell on the mass above Ketilewcll in Yorkshire, commit- 
ted the most terrible ravages in the narrow valley of the 
Wharle, near Kcttlewell and Starbottom. On the sides 
of the mountains in Cumberland, traces of these visita- 
tions seem utterly ineffaceable; and the memory of the 
sudden bursting of the Peat Bog above Keighley, will 
long be preserved in the valley of the Aire. The floods 
which rushed simultaneously from the Cairn Gorurn and 
other mountains, in August 1829, over 5000 square 
miles of Aberdeenshire and other Counties, were of pro- 
digious fury, removing hundreds of tons of large stones, 
whole acres of woodland, and almost hills of earth. 
The desolating effects of the bursting of the ice-dam 


which had formed the temporary Lake of Bagnes, are Geology, 
matters of history. The moving mass of water, mud, 
and monstrous rocks, which swept with violence down ^ - 
the valley of the Dranse, carried away forests, houses, 
bridges, cattle, and men. In six hours and a half it 
passed through an uuequal and irregular course of forty- 
five miles, till its waves were lost in the Lake of Geneva. 

Glaciers are likewise to be enumerated among the 
powerful agents by which the higher lands are wasted, 
and materials provided for the raising of the lower. As 
the Summer heat melts every year the lower portions of 
these long winding rivers of ice, and the heated ground 
thaws, and the gathering water dissolves their foundation, 
the whole mighty mass of snowy ice slides downwards on 
its failing bed, ploughs up the stones, breaks up the 
rocks, and adding their spoils to the accumulations of 
the avalanches, throws to the sides huge banks of rub- 
bish, provinciully culled moraine. The foot of the gla- 
cier is thus surrouiided by an immense hill of loose 
materials which gradually find their way into the stream 
that issues beneath# 

Descending Streams and Rivers . 

The wasting elfects of the atmosphere, noticed in the 
preceding section, are sensible in all regions, and there- 
fore in every Country some materials are provided for 
the streams to transport. But the proportion of matter 
thus prepared in mountainous Countries is so vastly 
greater than elsewhere, that in general the less conspi- 
cuous effects of the same causes in lower regions are over- 
looked. The common notion respecting the action of 
alpine streams appears to he, that these are the princi- 
pal agents of destruction upon the fuccs of the moun- 
tains, and it is to them that (he uctual waste of the 
surfacp is attributed. But though these streams arc 
indeed active ugents of excavation, their principal in- 
fluence is of quite another kind, uml it is chiefly by the 
disposition of the materials brought into them by rains, 
avalanches, and water-spouts, that they effect such 
important changes. 

In considering the action of streams and rivers, we Krosiicnr 
must distinguish between their powers of eroding or executing 
excavating, and of transporting solid matter. actum of 

The former is occupied on the channel and floodway, btry ‘ uns - 
and its effects have relation to the consolidation of the mat- 
ter tru versed, and to the rapidity and volume of the moving 
water. About their sources, and for a long pail of their 
early course, streams deepen continually their channels, 
and wear away their barriers of rock : but in their broad 
expansions near the sea, this power of excavation wholly 
ceases, as a general law, and is only evinced in particu- 
lar cases, as when great bands are cut off or banks are 
undermined. 

We have abundance of examples in all our mountain 
regions of the actual excavation of their channels by the 
rivulets and rivers. In the district of Aldstone Moor, 
the South Tyne runs to the North from the side of 
Crossbill, for some tniles along a slope of shale, over the 
Tyne bottom limestone. In this shale, which is itself 
excavated into a broad valley, the river has evidently 
cut its own narrow yet sufficient channel ; and no con- 
trast can be more striking than that here afforded by 
the mighty valley of Tynedule, 1500 or 2000 feet be- 
low its bordering mountains, and the little channel hold- 
ing the waters of the River Tyne. Every rive* in this 
manner works out its own channel in elevated regions, 
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and in lower ground the soft clays and sands yield a 
passage to the feebler currents. In the level regions, 
along the rivers of Yorkshire and Lincolnshire, the chan- 
nels have been many times changed, even by those slug- 
gish streams, and still more in the deltas of the Rhine, the 
Nile, and the Mississippi ; and among the Alps, this 
fluctuation of the river-courses is excessively irregular. 
.No douht, then, can remain of the fact that rivers and 
running waters excavate and alter their channels. 

^ Mr. Lyell has given a remarkable case of the recent 
excavation in a bed of modern lava of a channel from 50 
to several hundred feet wide, and 40 to 50 feet deep, by the 
River Simeto, flowing from Etna. Mr. Scrope has also 
shown similar phenomena to have happened in the vol- 
canic region of Auvergne. In these cases the action of 
the river has probably been excited by the llowing of a 
current of lava across its course, so as to dam up the wa- 
ters, and give them something of the force of a cataract. 

The waterfalls and cataracts upon the line of a streum 
afford some curious points of study. It is especially in 
these cases that the increase of excavating power, derived 
by a river from the solid matter which it transports, is 
most sensible. 

A cataract is formed upon the River Eden, in West- 
moreland, near Kirkby Stephen, by some remarkable 
beds of calcareous red sandstone conglomerate, and the 
pebbles which the river brings down, here contribute 
with the whirlings of the water to excavate many deep 
perpendicular pits, similar on a small scale to swallow 
holes on the mountain limestone ranges, or those ro- 
mantic cavities on the Caldew in Cumberland. Below 
many waterfalls in Wales and Scotland, the same effect 
is produced. 

But the most characteristic efTect of a cascade, is that 
ceaseless undermining of its base and sides, and conse- 
quent rupture of the spout or edge of the fall, which 
causes by slow degrees the cascade to retire further and 
further up the mountain side, and produces those awful 
and still deepening portals of impending rocks, which so 
much aggrandize the sublimity of a noble waterfvrce . 

This effect may be excellently observed in the carbo- 
niferous limestone district of the North of England, 
where so many beautiful streams leap from the beds of 
limestone over perishing shales and sandstones, and 
rising in foam sap and undermine the base of a large 
semicircular cliff, till at length the solid limestone 
crown gives way, and the insatiable river renews its 
destroying attacks. The same thing is seen in many of 
the Swiss waterfalls, particularly in the manifold falls of 
the Giessboch. 

Mr. Lyell very ingeniously applies the acknowledged 
fact of the recession of the Falls of Niagara, which ap- 
pear to have been pushed hack several miles, at the 
rate of 40 or 50 yards in 50 years, to the possible dis- 
charge hereafter, through the St. Lawrence, of the waters 
of Lake Erie. Such a discharge would, of course, occa- 
sion a local deluge ; hut the lake is so rapidly filled up by 
sediment, that it is a question whether it will not be- 
come dry ground, before the falls of Niagara shall have 
been pushed back so far as to he capable of emptying it. 
The fall of the Rhine at Scliaffhausen is a grand exhi- 
bition of the erosive power of water, particularly the 
wearing of the base of the two island pinnacles of 
limestone, which now stand proudly in the midst of the 
currents, but will eventually be hurled down the thun- 
dering cataracts. 

In considering now the transporting action of streams, 
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wc may distinguish between such as flow through val- CSeologyv 
leys of uniform declivity without lakes, mid such as c:h * «• 
pass through broad receptacles of water, before arriving S ***>s m *~' 
at the sea. As examples «>f the former, we may take T ri,ns l ,0,t “ 
many rivers of England ; for the latter case, several TJxZZ 
rivers of England, Wales, and Scotland might be named, 
but much grander phenomena of the kind are wit- 
nessed among the streams which flow down from the 
snow-crested Alps. 

A certain velocity of current is requisite for the trans- Wii, r . 
port of every kind of earthy matter, the liner the mutter without 
the less force will move it along. Hence in the lower 
parts of rivers, where t licir course relents, us they approach 
the sea, though they can no longer, as in their youth- 
ful energy, remove rocks und transput loads of sedi- 
ment, their waters arc muddy, and their channels and 
sides receive continual augmentation. Such a river as 
the Yorkshire Ouse is very instructive. As its branches 
descend from Shiiniior Fell, Cam Fell, and YVhern- 
side, they transport daily and hourly from those elevated 
sites the materials accumulated by atmospheric changes 
and mechanical attrition, the soil, the stones, the loosened 
rocks, grain by grain, and piece by piece, move onward 
with the current, and thus the whole mountain region, 
by a slow yet not imperceptible progress, is lowered in 
height, and its wasted spoils swept away for ever. But 
let us follow this process. Wherever the valley ori- 
ginally presented great inequalities, these arc constantly 
diminishing by the upfillingof the hollows, and at length 
the originally rugged chasm is c hanged by additions and 
vp/itling* into the smooth, evenly declining hollow, 
which, because of that smoothness and uniform declina- 
tion, is supposed by many to be entirely a valley of denu- 
dation. In this process, the luteral action of rains and 
inundations from the sides of the valley, is a very im- 
portant auxiliary. Any one who contemplates the vullcys 
of the Jura, near Schaffhauscn, and sees them in many 
cases rugged on the sides, and evidently traced by nature 
in a fit of convulsion, must he struck by the smooth, 
even, equally declining plane of their bottom, which cuts 
the rude precipices of the sides, and clearly indicates a 
subsequent powerful modification of theorigiual harshness 
of the chasm. Still more abundunt is the deposit of sedi- 
ment as the stream glides into lower ground. There, above 
its narrow chauncl, rise the broad meads which, with 
every fresh inundation, receive a new coat of sediment, 
and above these swell the real boundaries of the valley, 
often consisting of water-worn materials, gravel aud sand, 
left there by ancient floods of greater power, flowing at 
a higher level. As we approach the sea, when the tidal 
currents meet the freshes, the suspension of motion per- 
mits a great part of what sediment still remains to dis- 
colour the water to drop on the bed of the river, and its 
uiluviul banks. Thus the streams become choked, their 
channels sinuous, their beds elevated, and the banks 
which confine the river, heightened both by Nature and 
Art, look like the ramparts and terraces of a lofty military 
road rather than the boundaries of a river giving pussuge 
to the drainage of the neighbouring country. 

The same process at the mouths of rivers pushes their 
channel and their bunks outwards into a cape or head- 
land, and contributes to extend the whole breadth of the 
bordering coast, so that by the waste of the uplands the 
low land is filled up, the river-channels are raised, the 
coast is extended into the sea, and the sea filled with 
shoals and sand-banks. Thus the mouths of the Po, 
the Rhine, the Nile, the Euphrates, the Ganges, and the 
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CfeoWy. Mississippi, have formed for themselves those broad 
Ch. it. deltas which, within the Historic era, have transformed 
ancient ports into inland towns, and carried ibrtile pas- 
tures into the area of the sea. 

The substances transported by the stream, and depo- 
sited along 1 its sides, are of course such as the hills 
around its sources, and above its channel, furnish ; and ac- 
cording to the nature of the country, the almost incessant 
accumulations of earthy matter which thus take place, 
rnuy l>e varied by interposed layers of vegetable reliquiae, 
lit tropical and warm regions, and in uninclosed Coun- 
tries, this must be the case to a far greater extent than 
an acquaintance with European rivers would lend us to 
expect. The mighty forests of America, untouched by 
human industry, must annually furnish to the great 
rivers which intersect them, an immense spoil of trees, 
which being easily supported by the current, will be car- 
ried even to the sea, and either deposited at the river 
mouth, or drifted away on the waves. 

A i r.ingc- The arrangement of the materials brought down by the 

siit-nt of mu- streams is in general regulated by a tendency to the pro- 
t' rails. ductinn of a level surface, and thus the original inequa- 
lities of a valley arc continually lessened. In a high region 
like the Alps, the rough streams leave in the higher level 
chiefly a collection of pebbles and sand, and they are left in 
much local confusion ; but still the general effect is a uni- 
formly declining plane, through which the capricious 
stream finds itself new channels, and thus continually 
shifts its deposits over the whole, broad, pebbly surface. 
Such effects may be well seen on the line of the Arve, «9 
H liurries down from the glaciers of Savoy. On the con- 
trary, in the lower and more level expansions of a valley, 
whore the gentler waters transport only fine sediment 
and vegetable reliquia?, these materials are arranged in 
most exact parallelism over a large extent of plane sur- 
face, ami by counting the lamime of deposition, some 
useful notion may be formed of the period occupied in 
the process. On the borders of streams which are pe- 
riodically swollen by ruin, as in the Tropical regions, or 
by the melting of snows, as in those which descend from 
high mountain countries, this mode of computation of 
the lumime may even be trusted so far as to determine 
the number of yearn employed in producing a given 
depth of deposit; and even in districts where the rivers 
swell irregularly at uncertain intervals, there might be 
an average rule for the same purpose deduced. Nor 
would the accumulation of a short period of time, 
tried by this test, appear inconsiderable. In a single 
season, the rivers of Yorkshire, aided by the sea. deposit 
many inches of rich soil upon the level peat-moors 
which adjoin their estuary ; and at Ferrybridge, at the 
point where the tide, formerly flowing up the river, neu- 
tralized the freshen of that river, many of the modern 
works of man, as oars of a bout, a coin of England, 
were found buried under the alluvial sediment, which 
contained petrified hazel-branches and nuts, bones of 
the stag, &c. 

From what has been said of the action of rivers, it is 
evident that their effects upon the physical features of a 
country are more varied and interesting than htu been 
generally perceived by those who have written on the 
much controverted question of the origin of valleys. The 
tendency of all descending streams of water is the same, 
to equalize . the surface of the earth, to remove all its 
ridges and asperities, and to smooth all its gulfs and 
Assures. 

The degree in which they respectively perform this 


depends first an the amount of atmospheric and local 
influences in wasting the surfuce of the -higher ground, 
and bringing materials for the rivers to act upon. v 
Hence the rapid waste of high Alpine tracts exposed to 
fluctuating heat and cold, to storms, avalanches, and 
glaciers. Hence the streams of sand and pebbles which 
rush from the gritstone hills of England, and, on the 
contrary, the almost unsullied purity of the springs 
which break from the carboniferous limestone. 

The second circumstance which determines the modi- 
fying power of the river is its own volume and velocity, 
and these are principally dependent on the physical 
geography of the region. The datum of the volume of* 
water flowing in any valley is principally useful for 
comparison with the amount of effects; the kind ofeffoct 
produced is determined by the velocity of the current 

If we conceive that in its first fury a river may have 
power enough to sweep along even large blocks of stone, 
but that its velocity gradually diminishes, there will be 
a certain point, where these large blocks will be left by 
the enfeebled current, pebbles will roll further, coarse 
sand will travel beyond, and the finer sediment will be 
moved on till the languid waters permit their slow and 
equal deposition. This gradation of deposits is always 
observed in examining valleys of sufficient length and 
elevations. The deposits in the upper parts are tumul- 
tuous and confused, in the lower regions level and 
regular. 

A third circumstance, of still more importance than 
the others, serves to regulate the action of the river. 

This is the form and character of the valley itself. 

However produced, there can be no question that the 
present aspect of almost every valley in the World, is 
smoother and more equalized than it was formerly, 
since wc see evidently and take as a principle, thai the 
characteristic effect of modern causes in action is to 
reduce continually the inequality which remains. W.e 
may, therefore, easily, for euch valley, restore in imagi- 
nation its ancient condition, remove the sediment from 
its expanded meadows, and leave, instead of level or 
gently sloping planes that wind smoothly round the 
hills, and ascend far up toward the sources of the stream, 
deep chasms between cliffs rent usundcr by convulsion, 
and ridges of rock confusedly crossing the gulfs of the 
strata. That such has been the origin of tnauy valleys 
is perfectly evident. That these may have been partly 
cleared, and others wholly occasioned by violent floods, 
sweeping over mid deuudating the land during its ele- 
vation from the sea, or by some violent catastrophe at a 
subsequent period, is also very probable, or rather may 
be considered as proved. But without entering on 
these questions, we may content ourselves with the 
datum that the fundamental features of valleys ure not 
the result of the excavating action of their streams, but 
that valleys have been in part filled up by the accumula- 
tions brought by their own rivers, and that their present 
smoothness and uniformity is really the result of the 
modifying powers of the atmosphere, local influences and 
the river, exerted through long time upon a ruder chan- 
nel, left by more violent and transitory agents. 

Let us now see what peculiarities in the effects of Hirers with 
rivers ore occasioned by the circumstance of their tra- lake* 
versing quiet lakes. Two things are here to be attended 
to. First, the lake causes, according to its extent, a 
more complete deposition of the sediment brought by 
the rivers than is occasioned by the most level dry 
area of a valley ; secondly, the materials dropped in 
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When a river charged with sediment expands into the 
waters of a lake, its motion, communicated to that large 
ares in directions radiating from the place of entry, 
relents, and is almost lost, and the sediment which it 
brought is gradually and, at last, wholly deposited in 
the lake, whose transparency it distnrbs, and the puri- 
fied stream issues from the lower extremity without a 
single taint of its stormy origin, unless it be. the colour 
of the mountain-peat, or some other substance held in 
chemical solution. Like the lake from which it escapes, 
or the ocean far from shore, it generally assumes the 
purest ethereal hue, its native tint of green or blue, but 
soon in its onward course it again becomes turbid with 
sediment. Every lake in Swisserland exhibits these 
pleasing effects upon the rivers, which commonly enter 
in turbid violence, and issue of a lovely transparent 
green, but the Rhone is pre-eminently blue. These 
lakes arc filling and contracting at their upper ends' 
with, the sediment which they filter from the rivers, and 
the process, I hough historically slow, is monumentally 
impressive, since we perceive large tracts of level mea- 
dows cultivated, covered with trees, and adorned by 
ancient and modern towns, where formerly flowed the 
deep waters of the lukc. 

AH this new land was formed from the spoils and 
waste of the upper Countries draiued by the river, and it 
is an exact measure of the whole effect of the atmo- 
spheric and local influences in weathering the face of the 
hills, and of the rivers in transporting away the materials 
thus prepared for them from the earliest period when 
the streams began to flow down the actual valley. 

Arrange The second thing to be attended to in considering the 
went of ina- effects of lakes on the line of rivers, is the arrangement 
tou.ils. Q f t h e materials which they receive. This ia a subject 
in which Mr. Yates’s observations ( Edinburgh Journal , 
1831) will he found useful. It is known to practical 
men that loose earth will remain at rest if it be placed 
at an angle, not exceeding 45° with the horizon, and 
when loose, earthy materials are poured from a height, 
they usuully arrange themselves in a conical heap, 
whose sides make nearly this angle with the horizon. 
On the slopes of mountains liable to avalanches or rapid 
waste, the loose debris is usually found in a plane de- 
clining at about this angle. When streams fulling over 
an edge, pour with their waters a quantity of earthy 
matter, the conical heap so produced is very much more 
obtuse than when the materials fall dry, aud the larger 
the proportion of water that comes down, and the more 
forcibly it descends, the flatter is the slope of the cone. 
This will easily be understood upon the principle that 
by partial suspension in water each particle is influenced 
by the tendency of that fluid to become level. 

It is easy to understand from this that the form in 
which coarse sediment will lie deposited by rivers enter- 
ing a lake, must be in a very obtuse cone radiating 
round the point of entrance. As the heap of sediment 
is advanced into the lake by continual additions, its 
outline remains circular, with a larger radius, ami 
its section will be nearly level toward the land, but 
sloping more and more rapidly toward the interior of 
the lake. Were the particles to be arranged in obe- 
dience to the double forces of horizontal movement 
with the river, and of perpendicular descent from gravi- 
tation, the curve of the edge would be parabolic, and 


the surface Iefl upon the sediment toward the land (ieoh*?* 
nearly level. Ch. II. 

But the earthy mutter lieing unable to support itself 
at more than a certain angle of elevation, the lower part 
of the curve will become less steep, and lie reduced to a 
straight line. Mr. Yates* « observations on the Swiss 
lakes led him to assign to the sediment left therein uu 
outline of this kind. 

It is obvious that in these cases the sloping layers 
nearest the entrance of the stream are of older date 
than those further advanced into the lnke. It is an 
interesting subject of inquiry to learn whether, as is 
most probable, the particles of the sediment which differ 
in bulk and specific gravity, are arranged according to 
those qualities so as to constitute horizontal strata, 
of finer and coarser matter, Ac. ; and whether, this being 
the case, the sloping lines of deposition, Ac. arc visible or 
obliterated in the section. In this manner the tipper ends 
of lakes are filled with the deposits from the ri vers nl most to 
the surface, and the dams of the lower ends of the lakes 
being worn away l>y the incessant action of the stream, 
these deposits become visible above the woter, and con- 
stitute those smoothly declining, often moist sui faces, 
which usually confine within their indefinite border the 
shallow and weedy waters destined in their turn to 
retreat from the desiccated land. While this process 
proceeds near the shore with the coarser particles, it. is 
obvious that the finer sediment will be carried further 
into the lake, aud be spread more widely over its 
general bed. 

These remarks apply only to deep lakes, whose waters 
rest tranquilly on their beds, and are only ugitated at 
the surface. In shallow lakes, which are agitated to 
the bottom, the materials must necessarily be distributed 
in planes very nearly horizontal, in consequence of the 
impressions from the fluctuations of the surface. This 
is matter of daily observation. 

Before we dismiss the subject of lakes, it will he pro- Jacusfriuo 
per to take notice of another process tending also to fill Dq’osiK 
them with new deposits. Many streams which enter 
lakes carry along, dissolved in their waters, a quantity 
of carbonate of lime, which may afterwards, by the 
loss of carbonic acid from the water, fall in calcareous 
sediment, and constitute beds of marl, or by the slow 
absorption of mollusca be converted to shells. In the 
latter case, beds of limmete, paludinas, Ac. are formed, 
and as generally the light argillaceous sediment entering 
such lakes is pretty equtilly diffused through the waters, 
the result is a bed of marly clay full of fresh-water 
shells. This process is daily going on, and in the course 
of a few years canals and river courses, as well us ditches 
and ponds, are choked by the abundant accumulation. 

In this manner, aided by occasional inundations, bring- 
ing layers of vegetable matter, or the detritus of the 
neighbouring country, have many old lakes become 
entirely filled up, and when cut open for any purpose, 
present layers of peat, clay, shell, marl, and sand, a faith- 
ful image, on a small scale, of those great fresh -water 
deposits which mark the force and extent of ancient 
currents on the surface of the Earth. 

The delivery of the sediment of rivers into quiet, Dultaa. 
tideless, landlocked seas is almost perfectly analogous 
to what happens in a large lake, hut according to varia- 
tion of circu instances, as the river flows into the open 
ocean, and contends with strong tides and sweeping 
currents or disembogues itself into a gulf, enters deep 
or shallow water, the disposition of its sediment is dii> 

4 z 2 
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Otology, fercnt. The most remarkable deltas at the mouths of 
Ch. II. rivers arc formed round such as empty themselves into 
tideless sens, as the Mediterranean, Black Sea, Caspian, 
Baltic, &c\, or into comparatively quiet bays of the 
ocean, ns the Hay of Bengal, the Gulf of Mexico ; and 
the least effects of this nature are occasioned on coasts 
which arc subject to be raked by lateral currents of the 
sea. 

Most of the great rivers which enter the Mediterra- 
nean are daily increasing their deposits along the coasts, 
arid spreading a quantity of sediment over the general 
bed of the sea. The Mediterranean has been proved by 
a line of soundings on the Skerki shoal from the African 
to the Sicilian const, varying unequally from 7 to 91 
fathoms, to be divided into two basins. In the Western 
portion, near Gibraltar, the bottom, consisting of sand 
and shells, has been reached at 5880 feet, and in the 
Straits at 4200 feet. Almost under the shore at 
Nice the depth is 2000 feet; but in the Adriatic, where 
it receives the sediment of the Po and other rivers, in 
the upper part, the greatest depth is 22 fathoms. Yet 
from the abrupt borders of the hill ground within the 
area of the sedimentary land, it is inferred that the 
Adriatic must formerly have been a deep gulf. 

N.iturc of Further from the influence of the rivers the depth 
tin* ilqHiNttH increases considerably. Donati, on dredging the bottom 
in gull's. »*s- 0 f shallow portion of the Adriatic, found it to con- 
timrie.s, Acc. R j st j mrl |y 0 f tt „d partly of calcareous rock, en- 
closing shells, which arc sometimes grouped in families. 
(Lyell, 237.) The form of these sedimenfary deposits 
must be what in common language is called horizontal, 
the substance of them fine clay and calcareous matter 
with shells, and as the ratio of accumulation is nearly 
uniform, there will be little uppearance of strata, unless 
the calcareous deposits be accomplished at intervals. If 
by any etlbrt of subterranean forceB this bed of the 
Adriatic should hereafter be elevated, and made dry 
laud, us so many other extensive tracts ulong the borders 
of the Mediterranean have been, we should have an 
argillaceous deposit extremely similar to the London 
clay, and perhaps identical with the subapeimine marls, 
except by some difference of organic remains, and of 
such an extent ns would appear incredible to those who 
believe in the almost quiet slumber in modern times of 
the mechanical and chemical forces which belong to our 
Globe. The same conclusions might he derived from 
an examination of the mouths of the Rhone, Volga, 
Danube, Ganges, Euphrates, &c. which enter the sea 
under the same favourable circumstances, and transport 
enormous quantities of fine sediment into comparatively 
tranquil and now shallow waters. A river like the Missis- 
sippi, which hurries an enormous volume of deep waters, 
and preserves its velocity to the edge of the sea, dis- 
charges likewise a prodigious quantity of matter, which 
settles round its many mouths into a vast and growing 
delta. But the kind of matter here deposited, and the 
* mode of its arrangement will be different. Forests matted 

together by the growth of Ages, with all their founda- 
tions, their alligators, and other inhabitants, are swept 
down by this mighty stream, and either retarded for a 
time among its winding and variable channels, or hurried 
into the sea, and there, with quantities of similar mat- 
ter, agitated, and partially or completely separated into 
beds of earthy and vegetable matter, the latter vary- 
ing according to the prevalence of the many rivers which 
unite in the great stream, and thus the Gulf of Mexico 
is now filling with deposits, which in no feeble degree 


emulate our old carboniferous strata. We are informed Geology*, 
by Mr. Lyell, whose volumes are full of valuable infor- Ch . II. 
mation on all subjects connected with the modern opera- *"▼"*-* 
tions of natural ugencies, that a great part of the new 
deposit at the mouth of the Rhone consists of calcareous 
and arenaceo-calcareous rock, containing broken shells 
of existing species ; and Captain Smyth ascertained 
that over the broad, very gently inclined bed of this 
growing delta, marine shells were occasionally drifted 
by a South-West wind. In this way alternations of 
fresh-water and marine shells may be occasioned, in 
which the marine portions will predominate towards the 
sea and the fresh-water part be most decided toward the 
land. 

The shorter and more rapid the course of a river, the 
larger and coarser is the sediment which it may be able 
to transport. While the Po, relenting in its velocity, 
leaves its gravel where it joins the Trebia, West of Pia- 
cenza, 130 miles from the sea; and the Ganges 180 
miles above the commencement of its delta, and 400 
miles above the present line of coast ; the rough bed of 
the Yorkshire Tees is pebbly quite down to the sea; and 
the streams which descend by a short and furious course 
from the Maritime Alps bear down pebbles into the 
Mediterranean. 

From these instructive examples of pebbly, sandy, 
argillaceous, and calcareous strata, forming at the same 
era, in different basins of the sea, and even in different 
parts of the same basin, enveloping entirely marine, 
entirely fresh-water, or a mixture of marine and fresh- 
water deposits, we may turn with advantage and plea- 
sure to the contemplation of the older strata of conglo- 
merate, sandstone, clay, marl, and limestone, and by 
carefully noting the points of agreement and circum- 
stances of difference, may frame very satisfactory notions 
of the*conditions under which they were deposited re- 
spectively. Especially wc may be guided in our decision 
concerning the extent and connection or separation of 
the several basins of the ancient Ocean, and the relative 
influence of ancient and modern rivers. 

Rivers which discharge themselves into the sea, where Bars at the 
tides and currents contend with the freshes, may, as the mouths of 
Rhine, be enabled for a certain time to deposit their rim- * 
sediment in a Delta, and to increase this even to a vast 
degree, in consequence of their entering at a deep cmar- 
gi nation of the coast, or amidst shallow sands which 
impede the action of the tide. But in such a case, the 
accretion of land must gradually diminish, and at length 
the movements of the sea tnust balance the current of the 
river. In this case a line of sand-banks will be formed 
varying in position according to the alternate predomi- 
nance of the contending forces, and the entrance of the 
river will have a bar. The Rhine, the Thames, and all 
the Eastern rivers of England are nearly in the same 
cuse. The sea, indeed, has again reclaimed from the 
Rhine, by most destructive floods, the large spaces of 
the Zuyder Zee and the Bies Boos. 

Thus also the growth of the Nilotic Delta, once so 
rapid, is greatly retarded or almost annihilated by a 
current of the Mediterranean ; and the rivers of Western 
Africa, as well us the mighty Maranon, no longer extend 
themselves into the sea, but meet its currents in furious 
strife, drop the sand at their mouths, and resign their 
finer sediment to the disposal of the conqueror. The 
distance to which the Ocean can waft this sediment 
on its surface along with fresh water is very great. 

Captain Sabine supposes himself to have crossed the 
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Geology, discoloured waters of the Maranon 300 miles from its 
Ch. If. w here it still retained its comparative levity, and 

kept its place on the surface of the sea. 

Thus may the sediments of distant Countries be mixed 
or alternately deposited far from shore, and even iu the 
deep sea, a fact of great interest to Geology. The dis- 
tinctness of currents of water which flow down the same 
river channel, even with a rapid descent, has often been 
noticed. Thus the Arve and the Rhone flow far with- 
out mixing, the Nahe takes one side of the Rhine, and 
even in the mining districts of England, the discoloured 
streams from the different valleys can often be distin- 
guished along considerable lengths of the united river. 

We shall not further extend our remarks on this sub- 
ject than by stating a few instances of the actual 
surface of the Deltas of great rivers. The whole area 
of the dr/ Delta of the Po and the Adige, and other 
rivers which contribute to the effect on the same line of 
coast, must exceed 2000 square miles, and within the 
last 2000 years a space of 100 miles in length, and from 
2 to 20 miles in breadth, has been added to the land. 
The area of the Nilotic Delta is about 12,000 miles, 
and according to Girard the surface of Upper Egypt 
has been raised by the sediment since the Christian era 
6 feet 4 inches ; of the Rhone 1 500 square miles ; of 
the Qtiorra 25,000 square miles. (Dr. Fitton, Geology 
of Hastings .) 

The Delta of the Ganges, without reckoning that of 
the Brurumpootra, which has now become conterminous, 
is considerably more than double that of the Nile, and 
its head commences ut a distance of 220 miles in a 
direct line from the sea. The base of this magnificent 
Delta is 200 miles iu length. (Lyell.) 

The fen lauds of Lincolnshire, Huntingdonshire, und 
Cambridgeshire occupy 1000 square miles, and the 
levels in connection with the Humber 300 or 400. 

It has been attempted to deduce the age of our conti- 
nents for the rate of increase of the Deltas of rivers 
within the Historic era. Thus the Nile was supposed by 
Herodotus to have formed Lower Egypt ; and he stales 
that if diverted into the Red Sea, it would fill that gulf 
with its deposits iu less than 20,000, or even 10,000 
years. Since the time of Herodotus it is supposed that 
the increase on the Nilotic Delta has been upon an 
average, one mile und a quarter. The average annual 
growth of the Delta of the Po, opposite Adria, which 
was once on the edge of the Adriatic, was, from 1200 
to 1600 a. c. t 25 metres, arid from 1600 to 1800, 70 
metres; a very rapid increase of rate, probably connected 
with the increasing shallowness of the sea. (Lyell, Prior 
ciplcs of Geology .) 

But all inferences from observations of this nature, 
and similar ones on the shallowing und conversion to 
land of the upper ends of lakes, can lead only to merely 
speculative results without the knowledge of a datum 
very difficult to be obtained, viz . the original depth of 
the sea, at all points over which the river sediment has 
flowed ; for it is not by the area of the Delta, but by 
the cubic content of the sediment transported that the 
time occupied in the process is to be ascertained. How 
is this to be determined ? 

The Sea. As the action of rivers is of two kinds, erosive and 
transporting, so is that of the sea. In one place its fury 
excavates the cliffs, and devours a whole country, in 
another every tide adds sediment to a growing shore, 
lengthens the fields, and extends the parishes, till what 
was once a broad bay becomes a fertile marsh, and the 


town which was once a nourishing port is fur removed Oeoloire* 
from the waves, and never visited by commerce. These ^* 1, **• 
different effects depend principally upon the circum- ' 

stances under which the earthy materials are presented 
to the waters. Cliffs exposed to the sea are cither 0 f 

slowly decomposed by its vapours, mid crumble piece- Chil's, 
meal, or undermined at the base, and so caused to fall 
in ruinous heaps. Even the hardest rocks that begird 
the Ocean are more or less wasted away hy its never- 
ceasing attacks, conjoined witli the common atmospherical 
agents. Soft places arc scooped into caverns, joints are 
widened, and blocks loosened, und thus, hy little and 
little, every high const recedes and yields more or less 
ground to the insatiable waves. But cliffs composed 
alternately of softer and harder strata, especially if there 
be any dislocation, are quickly eaten away, and still more 
rapid destruction falls annually on the crumbling di- 
luvial clays and loose gravelly cliffs which margin so 
great an extent of the coast of England. The whole of 
the English coast may be cited for eases of this im- 
portant wasting of the cliffs, and in particular the 
diluvial cliffs of Yorkshire and Norfolk. In the former 
County it seems to be ascertained, by careful measure- 
ments at many points, repealed after intervals of many 
years, that the anumil loss of land on the whole length of 
Ilolderncss, is not less than 2 yards in breadth annually. 

The average loss on the coast of Norfolk between 
Weyburn and Theringham is about 1 yard per annum, 
on the coast of Thauct 2 or 3 fed. But these same 
coasts likewise exhibit, ou an cquully grand scale, 
the formation of new land from the materials thus de- Extension 
tuclied from the old. The materials which full from the j’ 4 
cliffs are sorted by the tide, and according to their bulk ttU 
and weight ure differently disposed of. As in many ar- 
tificial processes of washing powders the sediment is 
divided into parts of different fineness by merely shaking 
it at different distances or depths iu the stream of water, 
so it is in the great currents of the sea. Large stones 
remain a long time ut the foot of the cliff from which 
they fell, smaller masses yield something to the impetus 
of the waters, sand and pebbles are drifted ulong the 
shore according to the set of the tide, and collected into 
bays und hollows of the coast, or deposited in a line of 
moving beach ; but the finer clays are transported far 
awuy in the waters, and allowed to settle only where 
these rest in lurid-lockcd gulfs, stagnate over weedy 
marshes, or lose their force in contest with the freshes. 

The breadth of the sandy beaches thus accumulated is 
often very great, even many miles of slow aud regular 
descent. The saud-bauks which stretch out so far from 
the low coasts are often regarded as remains of ancient 
lands overwhelmed by the sea, but iri most cuses they are 
probably recent formations, accumulated by the waves 
from the spoils of other regions. But what is thus left 
by the sea under some circumstances, inuy be again re- 
claimed by it under others. The once fertile district 
called North Friesland, most probably accumulated 
by the sea, measuring from nine to eleven geographical 
miles from North to South, and six to eight from East 
to West, was in 1240 entirely severed from the conti- 
nent, and in part overwhelmed. The Island of North- 
strand, thus formed, was, towards the end of the XVIth 
Century only four geographical miles in circumference, 
but still was richly cultivated and populous. At lust, in 
1634, in one night, the 11th of October, a flood passed 
over the whole island, whereby one thousand three hun- 
dred houses, with many churches, were lost, fifty thou- 
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Geology. Sli nd head of cattle and above six thousand men perished. 
Ch.ll, ^ Three small isles alone remain, and they are still further 
wasting. (Lyell.) It may often be remarked that sub- 
stances thrown into the sea arc not carried down nt 
once to its depths, but rejected many time9 to the shore, 
in the direction of the tidal currents. This happens 
especially with all light, small, and easily moved bodies ; 
but the case is different with the large blocks of stone, 
which, continually pressing by their weight downwards, 
arc for the most part gradually withdrawn from the base 
of the cliff sunk in the beach, and rolled down to the 
deep. 

In this manner, when the circumstances admit of it, 
the whole coast is in motion, every high cliff wastes 
away, the low grounds stretch out, the beach widens 
and again contracts, shifts upwards and downwards, and 
travels along, and thus amidst the extremes of constant 
fluctuation and change, new deposits are continually 
added to the quiet depths of the sea, and to the lowest 
parts of the land. As far out as the fluctuations of the 
waves can influence the bottom of the sea, the new de- 
posits, where uninfluenced by currents, must become 
nearly horizontal ; in greater depths it seems reasonable 
to suppose that the materials will be arranged nearly as 
iu deep lakes; and under the cliffs, the beach being 
only at intervals exposed to the rush, of ascending and 
descending waves, must have its surface inclined at cor- 
responding angles. 

VVe have no accurate data on which to found an 
opinion concerning the utmost, depth to which the influ- 
ence of the superficial undulations of water may extend. 
The influence of the tidal and other current s of the sea 
must extend to a great depth, and tend to equalize 
into nearly horizontal strata the loose materials collected 
from the waste of the land. 

Coral These extensive deposits of sand and clay are, however, 

bluii'ls, & c. nut l he whole of the productions of the sea. The Ocean 
indeed is hut a large lake, and, besides the mechanical 
effects on its borders, is subject to various chemical 
changes, and to the unceasing agency of the functions of 
Organic Beings. Into that vast repository there flow 
annually great quantities of soluble matter of various 
kinds, audit is quite conceivable that by the interchange 
of their elements some chemical deposits may happen. 
It is also not unreasonable to admit that many exhala- 
tions rising from the bed of the sea may cooperate iu 
' such effects. But there is one ascertained cause inces- 

santly in operation which probably occasions more ex- 
tensive and permanent precipitation of carbonate of lime 
than any other process, the growth of zoophyta, shells, 
and Crustacea. However small may be the quantity of 
calcareous matter suspended in water, the molluscous 
and zoophytic animuls, which require such matter for 
their stony supports, are sure to possess themselves of it; 
and as corals and shells remain when their tenants dis- 
solve away in the water, the bed of the sea is continually 
receiving important additions from this source alone. 
Besides these, the cast shells of Crustacea, the teeth, and 
sometimes the skeletons of fishes and cetacea, must 


contribute no mean quota to the growing stock. It is Geology. 

perhaps yet an undetermined question to what depths Ch.fi. 

in the sea light and the vital influence of the atmosphere 

can sustain the growth of plants and animals. VVe may, 

however, safely believe that the extreme gulfs of the 

sea are as devoid of organic life as the central solitudes 

of a sandy desert, while the borders of the one, and 

the shores of the other, teem with innumerable forms ot 

life. 

It was formerly supposed that those immense reefs of 
coral which divide the waters of the Pacific Ocean, and 
rear themselves above the waves into associated islands, 
arose from the deepest parts of the sea, in perpendicular 
walls. But many observations by Captain Beechcy and 
other navigators, upon the crater form which the coral 
islands generally assume, and the volcanic rocks upon 
which they are frequently bused, have produced a very 
general impression that the polypean races do not exist 
except at moderate depths. Captaiu Beechey found the 
coral of Dticies Island to be forming at a depth of one 
hundred and eighty feet. 

The quantity of carbonate of lime thus produced by 
the coral animals, with the addition of shells, &c. enve- 
loped by them in their progress, is really enormous, and 
might ulmost justify those Geologists who think that our 
stratified limestones are wholly derived from commi- 
nuted shells und zoophytes. A great proportion of all 
the low islands in the South Pacific Ocean is the work of 
zoophytes, and new islands are daily in progress, and sub- 
marine reefs of so great extent that Captain King found 
a continued line of coral reef 700 miles in length, from 
the JM orth-East coast of Australia towards New Guinea. 

It was interrupted only by a few intervals not exceed- 
ing in the whole 30 miles iu length. These reefs consist 
in great part of compact limestone, and Mr. .Lyell com- 
pares them to the ancient calcareous rocks of the basins 
of Europe and North America. 

This comparison, so just as to quantity of material, 
must not be extended to the structure and arrangement 
of the several masses. The rocks of carboniferous lime- 
stone have indeed derived a large part of their materials 
from the calcareous secretions of polypean and mollus- 
cous animals ; but the materials can have been put 
into their present stratified form only by the ordinary me- 
chanical action of water upon them. A modern coral 
reef might, by long movement in water, be ground up 
into something like a limestone bed, but the shurpness 
of the angles of the ornamented fossils of all the old cal- 
careous strata appears to disclaim such an origin for 
these rocks. At the same time it is to be observed that 
the corals and other zoophytic reliquise v which abound 
in some of our limestones, very seldom appear to be in 
their ordinary places of growth, but rather seem to have 
been subject to some drifting. '1 he corals may therefore 
in ancient times have grown in reels, as at present, and 
this may perhaps be the reason of their irregular and 
unequal dispersion in the rocks — a fact particularly re- 
markable in the coralline oolite. 



OEOLOG Y. 


711 


CHAPTER III. 

DESCRIPTION OF THE ROCKS PRODUCED BY IGNEOUS AGENCY. 


Geology. Introduction. 

Ch. III. || ie p recet ]* m g Chapter we described the series of 
aqueous deposits which contribute to form the crust of 
the Globe, commencing our account with those of the 
earliest date, and terminating it with the .consideration 
of the most modern. 

In the present Chapter a similar order cannot be ob- 
served, inasmuch as in the case of the igneous forma- 
tions which it becomes our next business to consider, 
we do not possess those criteria, derived from the order 
of superposition, and the nature of the imbedded fossils, 
by the aid of which we were enabled to determine in the 
former instance the question of relative antiquity. 

Neither, indeed, arc we entitled to take for granted in 
limine the igneous origin of all the rocks which will 
full under our review, seeing that some of them have, 
until very recently, been attributed to causes of quite a 
different character, and that even at the present day they 
are regarded by some Geologists as of questionable 
formation. 

It will be more satisfactory, therefore, in the pre- 
sent Chapter, to reverse the order of arrangement 
adopted in the preceding one ; considering in the first 
place those operations of ail igneous description which 
are going oil in the interior of the Earth at the present 
day, tracing the effects which have arisen from similar 
causes operating during the historical period, and thus 
gradually ascending to the consideration of such appa- 
rently analogous phenomena, us may seem refe^blc to 
those same agencies, acting at a still more remote era, 
and under circumstances in some respects different. 

In this manner, we shall be best enabled to pronounce 
upon the origin of such rocks as deviate too widely 
from the structure and constitution of the products of 
igneous action which we see at present forming, to be 
referred at once and without examination to the same 
cause, and which, whatever may be their exact date, are 
at least not seen to be produced by causes now in opera- 
tion. 

Proceeding, then, from the known to the unknown, re- 
ferring in the first instance all that is possible to exist- 
ing agencies, and preferring to explain the remainder, 
by assuming a greater intensity of the same forces, 
rather than the influence of others of a different kind, 
we shall consider it our primary object to treat of volcanos 
at present, in action ; these being confessedly the most 
powerful and widely diffused of the igneous agents 
which are at work. 

We shall therefore inquire, what phenomena, observed 
to take place under present circumstances, may reason- 
ably be attributed to such a cause ; and if it should ap- 
pear, that all the changes of any importance going on 
on the Earth's surface which remain to be discussed, 
may without difficulty be referred to its agency, our 
task will then be greatly simplified, inasmuch as it will 
be limited to the consideration, in the first place, of exist- 
ing volcanos and their consequences, and secondly of those 
which are extinct ; after which we shall proceed to inquire 
into the nature of those granitic rocks and of others, 
which have protruded themselves, at different, though 


always at epochs antecedent to the present, through the 
aqueous deposits which compose the crust of the Globe. 


PART I. 


ON ROCKS PRODUCED BY IGNEOUS OPFttVriONS 
OF A SIMILAR NATURE TO THOSE NOW 
TAKING PLACE. 


Section 1. 

Description of Vulcanic Phenomena in different Parts of 
the World , 

General Notion of Volcanic Art ion. 

If we contemplate a volcano whilst in a state of vigorous 
action, the phenomena presented to us are at once so 
peculiar and so impressive, that it would seem unneces- 
sary to be at the trouble of defining that, which the 
commonest observer could hardly fuil Lo recognise again, 
in whatever part of the Globe it might fall under his ob- 
servation. 

The evolution of smoke and ignited matter from an 
orifice ill the Earth, generally situated on the summit or 
flanks of a conical mountain, the ejection of fragments 
and scorisc, bearing a near resemblance in their condi- 
tion and aspect to the slag of an iron foumlery, the sudden 
and copious extrication of clastic fluids, with their nutural 
concomitants, noise and a concussion of the rocks through 
which they force their way, arc circumstances which 
strikingly impress upon the imagination the paroxysms 
of volcanic action, and appear to distinguish this from 
all the other operations of Nature. 

Accordingly from the earliest periods the existence of 
volcanos hud excited attention, and their lending phe- 
nomena were pretty correctly described. They have 
supplied a groundwork for the superstitions of the vul- 
gar, and for the speculations of the philosopher, and 
much of our present knowledge with regard to the cha- 
racter, extent, and date of their operations, may be col- 
lected from the incidental notices of them, transmitted 
to us by the Historians, and even by the Poets of an- 
tiquity. 

Nevertheless, when we examine the subject more 
attentively, difficulties occur with respect to the real 
relation borne by them to several of those phenomena, 
which from some obvious feature of similarity have been 
regarded as their offspring. 

If, in conformity to the vulgar idea, all burning moun- 
tains are ranked amongst volcanos, wc admit into the 
same class a variety of incongruous appearances, which 
possess indeed no one character in common, except that 
of being accompanied, with what seems at least to be 
an emission of flame, and which are therefore assignable 
in all probability to causes of many different kinds. If, 
on the contrary, none, but such as present this obvious 
resemblance to existing volcanos, are to be included in 
our definition, we lose the advantage of considering a 
series of effects, evidently allied to the subject before us, 
and perhaps equally illustrative of its real nature. 

How different, for example, arc the eruptions of Vesu- 
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vius and Kina, in kind os well as in degree, from the 
emanations of gas and aqueous vapour, which proceed 
at times from the sulphureous soil at Maccluba in Sicily, 
from the foot of the Apennines near Modena, and still 
more remarkably* it is said, in Crim Tartary, and in 
the neighbourhood of the Caspian ; or from the emissions 
of gas now observed at Pietra Mala, between Bologna 
and Florence, and the spontaneous fire (us it was be- 
lieved to be) which in nncient times added to the super- 
stitious reverence entertained for the sacred peaks of 
Parnassus. 

On the other hand, if we consider the character of the 
phenomena exhibited, how intimate is the connection be- 
tween the eruptions of Vesuvius and the earthquakes or 
hot springs in its vicinity ; and, looking only to the 
nature and constitution of the mineral products, how 
impossible is it to draw a line between those which have 
evidently resulted from its eruptions in modern times, 
and many rocks in the contiguous country, where nothing 
of a volcanic nature has as yet been noticed as occur- 

Phvnomena attributable to Volcanic Action . 

* 

In order, therefore, to establish a sufficiently broad 
basis on which to ground any general conclusions with 
regard to the agency of this cause throughout Nut u re, it 
seems necessary to settle in the first place, what pheno- 
mena, independently of those more palpable ones which 
first occur to the imagination, arc to be regarded as 
indicative of volcanic action, exerted under the same 
circumstances as ut present, though, possibly, at a very 
remote period. 

It is clear, that the date of the eruption, which gave 
rise to these effects, will be immaterial to our present 
purpose, provided we possess an equal certainty as to 
its reality : and we shall be entitled to avuil ourselves of 
the evidence to be derived from extinct ns well as exist- 
ing volcanos, just ns the traveller, who should endea- 
vour to collect proofs of the existence of iron founderies 
in an unknown country, might be at liberty to infer 
their presence, not only in places where they were at 
the time established, but also wherever such accumula- 
tions of slag and scoria? were found, as could only have 
arisen from the same formerly in operation. 

Phenomena admitted to be Volcanic . 

Now the circumstances, which muy be held sufficient 
to substantiate the existence of volcanic operations, of 
a description similar to those now proceeding, are de- 
rived from three sources : 

1. Indications of internal commotion ; manifested in 
the ejection of heated stones and scoria?, the emission of 
lava currents, and the evolution of aqueous vapour, to- 
gether with certain gases hereafter to be described. 

2. The structure and appearance of the masses taken 
collectively ; namely, the existence of a mountain ap- 
proaching to a conical form, aud composed either wholly, 
or at least superficially, of strata, possessing what is 
called a quaquftvcraal dip, or sloping away in all direc- 
tions from a common centre, where some vestiges .at 
least remain of a crater-shaped cavity. 

3. The condition of the individual rocks themselves ; 
namely, the presence in them in a greater or less degree, 
of a vitreous aspect and cellular structure, with a corre- 
sponding chemical constitution, in which some of the 
combinations of silica with the alkalies and alkaline 


earths form the prevailing, or, at least, the most constant 
ingredients. 

Now we have no evidence, that either the mechanical 
or chemical characters above described have ever re- 
sulted from aqueous solution, whilst both the one and 
the other are familiar to us, as the effects, not only of 
volcanos, but also of artificial heat. 

Without, however, pretending in this stage of the 
inquiry to assert, that the constitution of the mineral 
masses above assigned is sufficient in itself to establish 
the action of heat, we may be justified in concluding, 
that where it is conjoined with the cellular structure and 
glassy aspect alluded to, it may fairly be assumed to 
owe its origin to volcanic operations. In many, indeed, 
of those of modern date, the cooling appears to have 
been too rapid, to allow of any crystalline arrangement 
of the constituents taking place ; and in a still larger 
proportion, though numerous crystals of augite, horn- 
blende, and other minerals, may be disseminated, yet 
the basis of the rock cannot be identified with any 
known mineral or mixture of minerals, though appa- 
rently made up of augite and felspar in various propor- 
tions, and consequently presenting all shades of colour 
from grey to black. In these cases, the vitreous cha- 
racter, which more or less completely belongs to the 
rock, is sufficiently conclusive as to its origin, but the 
mineral composition can only be inferred from analogy, 
ut least by common observers, who want cither the 
patience or adroitness to adopt the mechanical method 
of examination, by which M. Cordier, it is said, con- 
trives to separate and distinguish minerals too inti- 
mately blended to be recognisable by the eye or the 
lens. Indeed, the very employment of this method pre- 
supposes a certain confused crystallization, and is, by 
M. Cord ier’s own confession, inapplicable to many vol- 
canic products, which, after having undergone fusion, 
were placed under circumstances precluding any new 
arrangement of the particles from taking place. Yet, 
wherever this is not the case, or what, practically speak- 
ing, comes to the same thing, wherever the component 
minerals are not too much blended together to be de- 
terminable, we generally fiud, that the basis of the rock 
is of a felspathic nature, rendered porphyritic by the 
presence of crystals, either of the glassy variety of 
felspar, or of some mineral of the hornblende or pyrox- 
cnic families. 

The presence of the two latter, in sufficient quantity 
to impart their characters to the muss, stumps it as be- 
longing to that class of volcanic products which has been 
denominated basaltic, and distinguishes it from the 
more purely felspathic kind, in which such ingredients 
are only of scanty and partial occurrence. 

The latter class of ignigenous products, which con* 
sists for the most part of compact felspar, with crystals 
of glassy felspar imbedded, (owing to the harsh and 
gritty feel belonging to most of its varieties,) has been 
denominated trachyte,, from the Greek word, ( rpaxvt , 
rough ;) it has been observed by Von Buch and Hum- 
boldt to form, as it were, the basis of many existing vol- 
canos, and even constitutes the material of certain lavas 
apparently of modern formation. 

Amongst extinct volcanos, many entire mountains, 
and even vast tracts of country appear to be composed 
of this rock, which, whilst it passes on the one hand into 
clinkstones and phonolites similar to those occurring 
in the trap formations, graduates on the other into 
the species of volcanic products above alluded to, in 
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Geology. proportion as crystals of augite and hornblende begin to 
Ch. III. be superndded to tliosc of glassy felspar, which ure essen- 
' tial to it. 

The second class of volcanic products, distinguished 
by the predominance of these minerals, lias been deno- 
minated by Mr. Scropo groystone; and as this term has 
a more English cast than the corresponding one, tc- 
phrine , which M. Brougniart had imposed upon rocks 
so constituted, it may be convenient to adopt it. 

The greater part of modern lavas, whose constitution 
can he made out, appear to be composed of this species 
of rock, which is of course divided into a number of 
varieties, by the presence of sundry accidental ingredients, 
Mich as olivine, mica, thunderous iron, and the like. In 
one or other of these classes, all volcanic rocks may 
probably be arranged which possess any discernible 
mineral structure; and those, in which fusion and rapid 
cooling has obliterated all traces of this kind, may 
nevertheless be referred with some degree of probability 
to one or the other. 

Thus the pearlstones and the white pumices appear, 
from their chemical composition, as well as their ex- 
ternal aspect, to he derived from trachyte ; the absence 
of the materials of augite and hornblende being evinced 
from their not containing iron; whilst the obsidians and 
the lithoid lavas generally partake of the character of 
greystone, the proportion of oxide of iron serving to 
show (even where their mineral structure is undis- 
ccrniblc) that augite has contributed to their formation. 
The same remaik, indeed, applies to the cuse of basalts , 
properly so called; and the dillcrence of structure which 
is discernible in passing from the obsidians to the true 
basalts, between which the different varieties of modern 
lavas seem to be, as it were, the connecting links, indi- 
cates, that they have been all derived from some com- 
mon matrix, which, after having undergone fusion, hud 
cooled under different circumstances. 

The only exception to this, is the larger quantity of 
alkali present in certain obsidians than in basalts and 
lavas; a circumstance which may, perhaps, enable us to 
explain, how it happens that this mineral, which we are 
disposed to attribute in general to sudden cooling, shall 
nevertheless be found occasionally to constitute streams 
of considerable size and thickness, where we might 
therefore expect lithoidal lava to have been produced. 

The rocks above noticed may each of them exist 
under several different modifications of form and aspect ; 
they may occur, either as loose, detached blocks, ejected, 
probably, in a solid, or, at least, a semi-fluid state from 
the crater, or as the constituents of a kind of tuff; 
fragments of various sizes being imbedded in sort of 
loose iron-day or sand, denominated puzzolana ; or, 
lastly, they may constitute a bed of lava, which once 
issued in a continuous stream from the interior of the 
volcano, whilst in a state of vehement activity. 

To give to such materials in all the above cases the 
name of lava, as some Geologists have choBen to do, is 
obviously incorrect; this term having reference, properly 
speaking, not to the particular constitution, chemical or 
mechunical, of the mass, but to the mode of its ejection 
from the volcano; and being, therefore, improperly 
applied to rocks which appear to have been projected in 
detached fragments into the air, and never to have 
formed part of a current of melted matter. 

We likewise coincide with Mr. Scrope in condemning 
the limitation of the term trachyte to felspathic rocks of 
a particular age and position, thus excluding those lavas 
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which possess corresponding mineral characters. That Geology, 
rocks agreeing altogether in mechanical structure mid C'h. Ill 
aspect with the trachytes of tertiary formations ure uu- 
common amongst the older rocks, may, indeed, he true ; 
but to lay down as a rule that the porphyries of one par- 
ticular age are alone to have this title, is to prejudge 
the question, and to proceed on quite a wrong principle 
in framing our nomenclature. 

Division of Volcanic Products according to their relative 
Ages. 

Volcanic products have been distinguished by some 
Geologists- according to their relative antiquity; those 
which appear to have been ejected antecedently to the 
period of the excavation of the contiguous valleys being 
denominated antediluvial , and those of subsequent ejec- 
tion postdiluvial. Others have objected to this distinc- 
tion os involving an hypothesis; since, ns we have seen, 
it is still a question of debate whether valleys of de- 
nudation have been produced by short periods of ge- 
neral convulsion, or by the continual operation of rains 
and torrents, acting with only their present force and 
violence. Perhaps, however, the terms niuy still he ad- 
mitted by Geologists, of whatever school, with the same 
mental reservation, as that, with which mnuy have been 
in the habit of employing the corresponding ours, of 
diluvial deposits, diluvial gravel, and the like. They 
serve to distinguish the relative antiquity of the rocks so 
classified, with greater precision than the terms of ancient 
and modem, which it has been proposed to substitute, 
since they refer to a definite standard, which leaves no 
doubt in the mind ns to the sense in which we employ 
the wmd antiquity in our Geological language. 

Without some such understanding, indeed, the vol- 
canic rocks in Auvergne might be called uiicicnt, with 
reference to those of the Vivarais, though they are mo- 
dern when compared with others in their own neighbour- 
hood ; whilst in either point of view they must be 
regarded as postdiluvial, since their relation to the 
valleys of the country is such, as to prove, that no great 
changes have taken pluce in the configuration of the 
surface, since they were ejected. 

Even if it be true, as Mr. Scrope contends, that there 
ore lava currents in some of these volcanic districts, as 
in Auvergne, which appear to be antecedent to some of 
the valleys of the country, and posterior to others, there 
will still he nothing to preclude us from applying the 
above denomination to cases in which this cause of un- 
certainty docs not exist. 

Postdiluvial Volcanic Rocks. 

Now the importance of distinguishing the rclutivc 
ages of volcanic rocks, in the manner ubovc proposed, 
will be evident from considering, that the two elusscs 
commonly differ one from the other in aspect and struc- 
ture. The postdiluvial volcanic products having, in 
almost all the cases in which they come under our ex- 
amination, been ejected in the open uir, and, conse- 
quently, for reasons which will he afteruurds explained, 
having in general cooled more rapidly, present for the 
most part a harsher fee I and more of a vitreous aspect ; 
whilst from the character of their component masses, even 
more perhaps than from the shorter period, during which 
their surfaces have been exposed to atmospheric action, 
they are but partially covered with soil, and admit, conse- 
quently of but a scanty and inferior pasturage. 
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Geology* For the same reason, they consist more commonly of 
Cti.UI. those volcanic products, in which the constituent parts 
arc blended together so as to be undistinguishahle, 
though from their general appearance, and from the 
character of those portions in which the mineral compo- 
sition may bo discerned, it would appear, that basaltic 
lava or greystone predominates over the purely trachy- 
tic, in those modern volcanos with which we are best 
acquainted. 

Antedilnvial Volcanic Rocks . 

The antedilnvial volcanic rocks, on the contrary, are 
not only characterised by valleys of precisely the same 
kind as those which intersect the contiguous country, 
but likewise, by a greater tendency to crystallization in 
their constituent ports, by a greater predominance of 
felspar, by the occurrence of musses sometimes in no 
way distinguishable from the basalts and greenstones of 
the trap formations, and still more frequently exhibiting 
:i nearer approach to them, than is observable amongst 
the products of igneous action at the present day. 
Though frequently cellular, their cells have not that 
glazed internal surface which characterises many mo- 
dern lavas, and arc usually tnorc or less completely 
filled with crystals of carbonate of lime, zeolite, and 
other minerals, which are not so frequently found 
amongst postdiluvial lavas. 

What variation in the circumstances under which the 
former were ejected could have given rise to these dif- 
ferences, will form a subject for future inquiry ; at present 
it is only necessary to point them out, as a reason for 
distinguishing volcanic rocks into two classes according 
to their relative antiquity, those ages being determined, 
cither by their shaping their course in conformity to the 
present configuration of the country, or being themselves 
intersected by the so called valleys of denudation. The 
opinion which may be entertained with regard to the 
origin of such valleys, will not materially affect the ques- 
tion as to the propriety of availing ourselves of Buch a 
distinction; since the vast difference, between the width 
and depth of the valleys which in many cases intersect 
the older volcanic rocks, and that of the ravines which 
evince the action of existing causes upon the modern , 
proves, that if the same agencies, operating with their 
present intensity, have produced the former, it can only 
have been after a lapse of ages beyond comparison 
greater. 

In Auvergne, for instance, where the most modern vol- 
canos appear to have been anterior to the Christian Ern, 
the utmost umount of the excavation effected in them by 
present causes, is to produce a ravine or water-course, in 
M>me instances, indeed, as much as from fi fty to seventy 
feet in depth, but still of very inconsiderable breadth ; 
whilst the ancient volcanic rocks are characterised by 
valleys possessing the easy and gradual slope of those 
which belong to the older rocks of the country, and 
like them, often many hundred feet in depth, and per- 
haps a mile or two in diameter. Another important 
distinction in the character of volcanic products, depends 
upon the situation of the point in the Earth’s crust on 
which the eruption breaks out, and in particular upon its 
occurrence either in the open air or under deep water. We 
say, deep water, because in shallows no great influence 
could be expected to be exerted, and the phenomena would 
therefore resemble those which take place in air. But, 
between the nature of products arising from the same 
volcanic action, under the pressure of only one, or 


of a thousand atmospheres, considerable difference might Geology, 
be anticipated ; and hence it becomes proper in limine Ch. III. 
to mark the distinction designating the former class 
of volcanos as subaerial t the latter as subaqueous . 

The characters of these two classes will be considered 
afterwards ; but in the first place we will proceed to give 
a brief description of the principal foci of volcanic action 
distributed over the face of the Globe, conceiving, that 
by so doing, we shall enable our readers to obtain a 
better notion of the general character of the phenomena 
themselves, than could be gathered from any more ab- 
stract account of them. 

We shall, therefore, begin with the vicinity of Naples, 
not only ns supplying us with one of the longest known, 
and best described instances of volcanic agency that 
exist, but likewise as exhibiting these phenomena under 
all their various phases of activity, contrasting the effects 
produced in earlier periods of the World with those 
going on at the present. 

Vesuvius . 

To the Fast of the Bay of Naples rises the most re- 
cent of the volcanos met with in that neighbourhood, 
and the only one at present in complete activity. 

The date of that part of the mountain properly called 
Vesuvius, or rather of its cone, perhaps does not go 
further back than the period of the famous eruption of 
a. n. 79, in which Herculaneum and Pompeii were de- 
stroyed ; for the ancient writers never speak of the 
mountain ns consisting of two peaks, which they 
probably would have done if the Monte Somma had 
stood, as at present, distinct from the cone of Vesuvius. 

Other facts might be also mentioned to show, that the 
old mouth of the volcano occupied the spot now known 
by the name of the Atrio del Cavallo, but that it was 
greatly more extensive than that hollow, comprehending 
likewise the space now covered by the cone, which was 
thrown up afterwards, in consequence of the renewal of 
the volcanic action that had been during so many ages 
suspended. This spacious crater was probably the spot 
in which, according to Floras and Plutarch, Spartacus 
and his Gladiators were besieged by the Roman Gene- 
ral Clodius Glaher. 

Wc infer from the account given, that the brim of the 
crater was entire, except in one part, by which the 
insurgents had entered, and which the enemy kept closely 
guarded ; and the great steepness of its sides is evinced 
by the scheme which the besieged party were compelled 
to adopt in order to effect their escape ; that, namely, of 
twisting into ladders the vine twigs thpt grew upon the 
top, and descending by means of them to the bottom, 
where they surprised the Roman Camp. Nor doeB this 
seem inconsistent with the account given by the accurate 
Strabo respecting the structure of Vesuvius in his time ; 
namely, the fertility of its sides, and the barren flat 
which constituted its summit ; this flat being in all pro- 
bability the spot occupied by Spartacus, broken away on 
the side fronting Naples, but encompassed elsewhere by 
sleep precipices, the relics of the original brim of its 
crater. 

It appears then, both from the silence of ancient 
writers, and from the appearance presented by the 
mountain itself, that a long interval had elapsed since 
any indications of activity had been observed ; and the 
flrBt symptom of internal agitation given by the volcano 
was in the year 63 after Christ, when an earthquake 
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Geology, occasioned considerable damage to many of the cities 
that had been built in its vicinity. But it was not till 
the year 79, that the first eruption of Vesuvius took 
place, of which any historical records exist. It over- 
whelmed the cities of Stabiee, Pompeii, and Hercula- 
neum, with showers of sand, pumice, and lapilli, and 
seems to have covered the latter to a still greater depth 
with a kind of mud eruption similar to those which are 
produced, not unfrequently, by the volcanos of South 
America. Such, at least, is the inference that has been 
drawn from the circumstance, that the former towns are 
covered only with strata of incoherent materials, little, if at 
all, affected by water, whilst the latter is buried in a kind 
of tuff, separated at intervals by strata of white volcanic 
lapilli. The depth at which Pompeii is overspread does 
not exceed 1 4 feet, and that at Stabile probably is nearly 
the same ; whilst at Herculaneum the mass of tuff alone 
above the theatre is not less than 85 feet, over which, it 
is stated, occur 12 or 14 palms of common soil, and 
this is covered again by a true lava, probably of much 
more recent date. That the tufa was at first soft, is evi- 
dent, from the impression of a woman’s breast, and other 
parts of the figure being found in this volcanic depo- 
sit, possessing, it is said, a sharpness, equal to that of a 
cast in Paris plaster. 

The difference between the substance which over- 
whelmed these cities, is evinced by the state of the 
papyri discovered in the houses, that have been since 
freed from the load of matter which had encumbered 
them. In those met with at Pompeii and Stabile, 
which are covered by a more uncemcnted congeries of 
saml and stones, decomposition lias proceeded so tar, 
that their contents are illegible, and the vegetable mat- 
ter, it is said, has been replaced, by a grey, pulverulent 
tuff, probably wushed into them by the ruins of many 
centuries. • 

At Herculaneum, on the contrary, though the manu- 
scripts may have been carbonized, probably by the 
wet which first penetrated into them from this aqueous 
inundation, yet any further decay has been prevented 
by the thick covering of tufa, and the writing is, there- 
fore, in many instances, found to be legible. 

No lava appears to have been ejected by this erup- 
tion ; but it is not improbable that a cone occupying the 
site of the present one may have been formed by it, and 
that the mountain thus exchanged the appearance which 
seems to have belonged to it at the time of Strabo, for 
one more approaching to that which it exhibits at 
present. 

Of this memorable eruption we have a lively descrip- 
tion in the letters of the Younger Pliny, whose uncle, 
the celebrated Naturalist, fell a victim to bis zeal in ex- 
ploring its phenomena. Yet it is remarkable, that no 
notice is taken, either by this eye-witness, nor by any 
writer who lived near the time at which the catastrophe 
happened, whose Works have come down to us, of the 
fate of three such considerable towns, although the tes- 
timony of Dion Cassius, coupled with that of Martial, 
serve to identify their destruction with this particular 
epoch. 

The second eruption appears to have happened in the 
year 203, under the Emperor Se vents, and is described 
by Diou Cassius and Galeu ; the third in 472, which is 
said by Procopius to have covered all Europe with 
ashes, and to have spread alarm even at Constantinople. 
Other eruptions are recorded in the years 612, 666, and 
993, Tkie next, in 1036, is supposed to have been the 
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first which was attended with an ejection of lava; in 
preceding accounts we hear oniy of sand ami lapilli 
being thrown out. 

Between thut period and the commeucenieiit of the 
XV I Ith Century, the mountain ap|H?ars to ha\e been 
only five times in a state of action ; and in 1611, the 
interior of the crater, according to the report of llrac- 
cini, was covered with shrubs, and every thing indicated 
the profoundest tranquillity. Yet in 1 GB l one of the 
most terrible of its eruptions look plme, which covered 
with lava the greater port of the village* Uinir nt its 
foot, on the side of the Bay of Naples. Torrents of 
water also issued from the mountain, and completed 
the work of devastation. The volcano U likewise said 
to have been in activity in the years 1660, 16*:?, Iti!)1, 
and 1698, from which time till the present its intei vaU of 
repose have been of shorter duration, though its throes, 
perhaps, have diminished in vio'ence ; for the longest 
pause since that time was from 1737 to 1751, and no less 
than eighteen eruptions are noticed in the course of 
little more than a century, several of which continued 
with intermissions for the space of four and five vears. 
Thai of 1737 gave rise to a stream of lava, which passed 
through the village of Torre del CSrcco, and continued 
its course until arrested by the sea, at winc h time its solid 
contents were estimated at 33,587,058 cubic feet. Of 
the latter eruptions, one of the most formidable seems 
to be that of 1794, recorded by Breislac, himself an 
eye-witness of it, in his travels through Campania. The 
torrent of lava, that proceeded from the volcano, again 
destroyed the town of Torre del Cireco, mid advanced 
into the sea to a distance of no less than 362 feet, with a 
front of 1127 feet. 

The eruption of 1813 has been described by Menard 
de Groye, and that of 1822 by Mnnlicelli mul Scrope. 
According to this latter Geologist, the whole of the 
upper part of the mountain was on this last occasion 
blown into the air, by the violence of the explosive force. 

It must be confessed, thut these descriptions, how- 
ever interesting, leave us much in the dark will) regard 
to the real nature of the phenomena; partly from the 
danger and difficulty of approaching the scene of opera- 
tions, near enough to examine the products at the time 
of their ejection, but still more, from a want of due che- 
mical knowledge in the observers themselves, such as 
should enable them to profit by the facts before them. 

On this account, the remarks of Gay Liiksiic and 
Sir II. Davy, cursory as they are, exceed in scientific 
interest the more elaborate descriptions given by others; 
and if we abstain from noticing them at present, it is 
only because the results of their inquiries will appear 
more iu place, if introduced hereafter. 

Phlcgrean Fields. 

It is important, however, to observe, that since 
Vesuvius bus resumed its activity, the numerous vol- 
canic vents which exist on the other side of the Huy, 
(see pi. vi. fig. 2.) have sunk into a state of compara- 
tive inaction ; for ancient writers, who arc silent respect- 
ing the former, speak of the mephitic vapours of the 
Lake Averous, as destructive to animal existence ; and 
in earlier day:, than these, Homer pictures to us the 
Phlegrean Fields, as the entrance to the Infernal Regions, 
being placed at the utmost limits of the habitable world, 
unenlightened either by the rising or the setting sun, 
with groves consecrated to Proserpine, and enveloped in 
an eternal gloom. 

5 a 2 
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At present the only traces of activity that exist, are ob- 
servable in the crater called the Solfatara, which occurs 
immediately above the little town of Pnzzuoli. The 
rock of which this volcano is composed, is a hard and 
dark coloured trachyte, for the most part porphyritic, 
and containing more iron than belongs to this rock rn 
general. It hus given off a single stream of lava, which 
descends in the direction of the Ben, terminating in an ab- 
rupt. promontory called the Monte Olibano, and remark- 
able, as an instance of a true trachylic lava, consisting of 
little else than felspar, only occasionally intermixed 
with uugite. It has been conjectured that it was the 
fruit of nil eruption in the year 1 198, said, though on 
rather doubtful testimony, to have taken place from the 
Solfatara. 

The crater of this volcano is nearly oval, its greatest 
diameter being 2337 French feet, itssmaller 1800 feet; 
and llu* continual evolution of sulphureous vapours, which 
lias gone on from the earlier records to the present time, 
has naturally produced remarkable changes in the 
rocks surrounding it. The first stage of alteration 
seems to he a mere whitening of the mass, in conse- 
quence, doubtless, of the removal of the iron, to which 
its colour is attributable ; in the next the rock becomes 
porous and fissile; when the process is further advanced, 
it acquires an honey-combed aiul spongy consistency ; 
and at length it crumbles into a white powder, consist- 
ing almost entirely of si lex. The rocks surrounding the 
Solfatara have consequently that white colour, which has 
given to them, in ancient times, the name of Colics Leu- 
cogei ; and the saline ingredients, with which those in the 
crater itself are impregnated, are natural effects of the nc- 
tion of the sulphuretted hydrogen emitted, upon the alkali, 
the iron, and the alumina, which were its constituent parts. 
That a mountain so circumstanced should possess nu- 
merous internal cavities, is only a natural consequence 
of the continual penetration of corrosive vapours during 
the course of so many centuries ; so that we may save 
ourselves the trouble of inquiring, whether the hollow 
sound, which it emits wheu struck, might be produced 
by any other cause, when the porous nature of the 
ground affords us so simple a solution of it. 

Monte Nuovo. 

The throwing up of a new mountain in the XVIth 
Century by volcunic agency, took place so much in the 
vicinity of the Solfatara, that it may seem to belong to 
its history. Afier a succession of earthquakes, and, as 
we arc told, the bursting out of flames from the ground, 
in many places round about the Solfatara, there opened 
from the sea a gulf, from which, smoke, pumice, lapilli, 
and sand, were ejected with the noise of thunder. These 
masses fell in such abundance, that the sand was distri- 
buted, not only over Naples, but even to a distance of 
thirty miles from it, whilst the heavier and more bulky 
masses accumulated round the orifice to such an extent, 
that in two, or at most in five dayB, they constituted a 
conical hill, now called the Monte Nuovo, 8000 feet in 
circumference, and 413 in perpendicular height, with an 
internal crater about a quarter of a mile round, and in 
depth nearly equal to the elevation of the mountain 
itself. 

The sand near the foot of the mountain, even under- 
neath the sea, possesses so high a temperature, when 


brought up from a point, a little below the surface which Geology., 
touches the water, that we are led to believe the vol- ^ Ch. III. 
canic action to be still going on to a certain extent ; ail 
inference confirmed by the extreme heat of the water 
which gushes out from the rock in a cavern not far dis- 
tant, called the Baths of Nero, which is sufficient to 
boil an egg, and amounts, according to Mr. Forbes, 
who has given the most accurate account of it from per- 
sonal inspection, to 183° of Fahrenheit. 

Such are the principal indications of volcanic agency, 
that have been handed down to us by history, as oc- 
curring in the neighbourhood of Naples ; hut the 
physical structure of the country is such as leads to a 
belief, that similar phenomena must have occurred else- 
where, since the country acquired its present general 
configuration. 

Grotto del Cane . 

The Lake Agnano, from its circular form, and the 
nature of the materials surrounding it, was evidently the 
crater of a volcano, which still communicates heat to a 
spring of water on its borders, and, probably, causes 
that continual evolution of carbonic acid, which fills the 
well-known Grotto del Cane. The Lake A vermis 
seems also to be of similar origin ; and although there 
are no indications of a volcanic nature existing in it at 
present, yet the term, grareolcns Aornos , applied to it by 
ancient writers, and the noxious effects of its exhalations 
upon birds that skimmed over its surface, prove that, at 
a period not very remote, sulphuretted hydrogen was 
emitted in large quantities from its spiracles. 

The Monte Barbara and Monte Astroui are hills, 
which, from possessing a central and circular cavity on 
their summits, as well as from their figure and mineral 
constitution, are evidently derived from volcanic opera- 
tions, although neither of them appears to have emitted 
streams of lava. The crater of the latter mountain is 
still so perfect, as to form a sort of natural inclosure 
nearly a mile in diameter, appropriated by the King of 
Naples, as a preserve for his wild boar and other uni- 
mals destined for the chase. 

Many other craters are alluded to by Geologists, ns 
occurring in the vicinity of Naples, but they do not ap- 
pear to be sufficiently ascertained ; and several so desig- 
nated are evidently mere hollows, derived from the 
action of water upon rocks, which, though of a volcanic 
origin, are of an earlier date, and of a somewhat dif- 
ferent formation. 

Puzzolana. 

The whole country, indeed, from the sea to the base 
of the Apennines , appears to have been covered, at u 
time when it was yet submerged under water, by an 
immense deposit of puzzolana or volcanic tuff. This 
rock is for the most part of a straw -yellow colour, dull, 
and harsh to the feel, with an earthy fracture, and a 
loose degree of consistence. It contains imbedded frag- 
ments of pumice, obsidian, trachyte, and many other 
varieties of compact as well as cellular lava, the softer 
kinds often rounded, the harder mostly angular. It is 
separated into beds, by intervening layers of loam, 
pumice, or ferruginous sand, and, in one instance, ac- 
cording to Von Buch, calc-sinter. Shells arc noticed as 
occurring in it, but they are rare, and bones of rumi- 
nating animals have likewise been discovered. 

The height of this tuff in many places near Naples is 
very considerable ; the hill of the Camalduli t which 
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Geology, rises lo an elevation of 1513 English feet above the sea, 
Ch. Ill, consists of this material, and to the West of Naples K 
WyW forms a sort of wall, so lofty and abrupt, that the former 
inhabitants of the Country apparently found it easier, 
availing themselves of the soft and friable nature of the 
stone, to cut through, than to make a road over it. 

Such is the origin of the celebrated firotto of Pausi- 
lippo, a kind of tunnel 363 toises, or 2178 feet in length, 
50 feet in height, and 18 in breadth, which serves as 
the common medium of communication between Naples 
and the towns and villages to the West, said to have 
been originally formed by the Cimmerians, the earliest 
inhabitants of the Country, who dwelt chiefly in caves 
hewn out of the soft tutf, and were, therefore, led by 
successive steps to attempt more extensive excavations. 
The Romans appear to have merely enlarged, not to 
have originated it. 

Now, though it need not be supposed, that this mass 
of tuft* was originally deposited at equal depths over the 
whole surface which it covers, yet no one who examines 
the manner in which it has insinuated itself into the 
valleys, not only on the hills above Naples, as near 
Caserta, but also on the opposite side of the Day, near 
Sorrento, and observes at the same time the extreme vari- 
ation in its height, and the seemingly capricious manner 
in which it is distributed, can hesitate to suppose, that 
much which was originally deposited has been subse- 
quently removed by the action of water; and, inasmuch 
as the general features of the country do not appear to 
have materially changed since the earliest periods of 
history, we arc drawn to the alternative either ol con- 
cluding, that the period, at which this mass was origi- 
nally formed, goes back to a period beyond comparison 
more remote than that to which history reaches, in order 
to give time lor causes at present in action to work such 
great changes, or that it has been effected by; some 
more rapid agents of destruction than those at present 
at work. Either of these suppositions, it is clear, esta- 
blishes a line of demarcation between the puzzolana 
and the volcanic rocks before enumerated, which is also 
confirmed by the indications we possess, that the latter 
was formed, whilst the greater part of the low country 
which it covers was still submerged under water. 

But if, as seems obvious, the great mass of puzzolana 
near Naples lias been deposited under water, the height 
above the level of the Mediterranean, which it not uii fre- 
quently attains, indicates the existence of great relative 
changes in the level of the sea and land, attributable 
either to a rise of the one. or a sinking of the other. The 
general consideration of this question belongs to another 
portion of the Treatise, but there arc certain indications 
of a change of level in this district of so remarkable a 
nature, that it would be improper wholly to omit men- 
tion of them on the present occasion. 

Temple of Serapis at Puzzuoli. 

One of these relates to the appearances presented by 
a Temple near the town of Puzzuoli, supposed to be 
• dedicated to Serapis, which appears to have twice 
changed its relative position to the sea contiguous, 
having been at some period subsequent to its erection 
sunk about twenty feet below its original level, and at 
some later period raised up again, nearly, though not alto- 
gether, to its former height. This inference is deduced 
from the circumstance, of the pillars which now remain 
erect, being perforated by pholndes, at a height of about 
twelve feet from their pedestals, as if the sea had at one 


time 6tood at that elevation, which, it is evident, it could Geology, 
not have done at the time the Temple was built. Stand- Clu XII. 
ing, as this fact appeared to do, alone, it was natural, that 
various hypotheses should have been suggested, in order 
to escape from so startling a conclusion, as that of the 
local rise and subsidence alternately of the spot of 
grouud on which the Temple stood ; but to such it is 
unnecessary to resort, now that we are assured or re- 
minded of other proofs, showing an elevation of land 
at no remote period both on the North and South of 
Puzzuoli, of more than twenty feet, and of many similar 
subsidences to ail equal extent iu the same neighbour- 
hood. Professor Forbes has the merit ot first sotting 
us right on this question, and his arguments have been 
extended and coulirined by Professor JLy ell, in Ins recent 
Work, entitled Principles of Geology It therefore ap- 
pears, that the effects of recent volcanic action have 
more than once altered the relative level of the sea and 
land in this neighbourhood, and we are, therefore, 
brought more readily to admit the possibility, that an 
extension of the same force, operating more generally, 
may have elevated the whole mass of the puzzolana, 
from the level of the sea, to the height at which it now 
appears. 

Tslaiids of Procida and Ischia, 

To complete this brief sketch of the phenomena in 
the neighbourhood of Nuples, we ought to allude lo lh*s 
Islands of Procida and Ischia, which belong to the 
same system of volcanos. (Sec pi. vi. fig. 2.) The 
former island seems to consist entirely of tuff, separated 
by beds of cellular lava, which are sometimes hori- 
zontal, and at others curved ami contorted ; but Ischia is 
somewhat more varied in its composition. It is for the 
most part composed of a rock which seems to consist of 
very finely comminuted pumice, rcaggl utinuted so as to 
form a tutf. From the very fine state of division, 
however, into which it was reduced at the time when 
it underwent consolidation, a rock hus often resulted of 
so homogeneous a texture, as to be considered a variety 
of felspathic luva, to which, miiicrulogicully speaking, 
it bears a considerable resemblance, though we arc, 
upon the whole, disposed to class it with the puzzolana of 
Naples, and the neighbouring Island of Procida. This 
formation is seen in every part of the Island, ami forms 
the very summit of Monte Epomeo, which rises to a 
height of perhaps 2000 feet. In one spot, near the 
town of Foria, we observe intermixed with il huge 
blocks of trachyte, sometimes thirty feet in diameter, con- 
sisting of a congeries of crystals of glossy felspar, often 
without any Kind of intermedium. In another, how- 
ever, we observe a conical hill called the Monte Thabor, 
composed entirely of trachyte, und resting upon a bed 
of clay containing teitiary shells. 

Ischia, however, presents evidence of volcanic opera- 
tions of a more recent date, than can be assigned to 
those, which occasioned the formations above noticed. 

Heaps of obsidian and pumice, substances almost un- 
known at Vesuvius, occur at the village ol Castnglione, 
and have been traced by Spallanzani to a crater hi the 
neighbourhood, called Iloturo. Still lurilier to the East 
we cross the stream of lava, which issued from the side 
of the mountain in the year J302> us we are informed 
by historians, remarkable for the large crystals of glassy 
felspar which are imbedded in it. Its surface is still un- 
decom posed, and consequently barren, moss alone grow- 
ing upon it, and that only in a few parts; a proof of the 
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Geology, number of ages required for bringing some lavus of a 
Ch.Ill vitreous nature into a state fit for cultivation. This 
current may be readily traced up the mountain to the 
point whence it issued, which is marked by the existence 
of a crater, still named the Capo d'Arso. 

Thus Ischia appears to have been subjected to vol- 
canic action of as many different periods ns the neigh- 
bourhood of Naples itself, its pumiceous conglomerate 
corresponding with the puzzolana, its trachytes with the 
rock of the Solfatara, and the lava of the Capo d’Arso 
with that of Vesuvius. 

At present, the only direct indications of volcanic 
action are seen in the high temperature of the sand on 
the shore near Monte Vico, which ten feet below the 
surface is equal to 110° of Fahrenheit, and in the hot 
vapour which issues from the ground in vurious spots of 
the suine neighbourhood. No eruption oflavahas taken 
place since the XVflth Century, though occasionally 
severe earthquakes are felt over the Island, more parti- 
cularly, it is said, near the ancient point of emission of 
the l.scliian volcano. (Forbes.) 

We have dwelt upon the phenomena exhibited by 
this particular system of volcanos, somewhat more in 
detail than inay be consistent with our general plan, con- 
ceiving, that a better notion may be conveyed of the 
nature, of such operations, by particularizing some one 
district in which they are exemplified, than by any more 
abstract or generalized description; and certainly no one 
spot can lie selected more illustrative, than the neigh- 
bourhood of Naples, as well from the variety of ap- 
pearances presented, as from the facility with which they 
can be examined ami compared. We must now proceed 
to specify more briefly the other principal foci of volcanic 
action, that have at one time or other existed in Italy. 

Mount Vultur. 

On the Eastern side of the Italian Peninsula, in the 
Province of Basilicata, near Melfi, rises^i large isolated 
hill, called Mount Vultur, which at one time appears to 
have been a volcano of equal magnitude with that of 
Vesuvius on the opposite coast. 

It is of a conical form, from twenty to thirty miles ill 
diameter at Us base, and with two craters on its summit. 
It is studded over with sundry parasitical cones, and 
has given rise to several considerable Btreams of lava. 

The nature of the rocks, and the gaseous exhalations 
that abound in its neighbourhood, besjieuk the former 
prevalence of volcanic action throughout this country, 
and may lead us to regard the district, as bearing a simi- 
lar relation to the shores of the Adriatic, which the 
Campi Phlcgrei, as they are termed, do to those of the 
Mediterranean. 

Yet of the eruptions of this volcano, all records are 
lost in the darkness of antiquity, and we may perhaps 
refer them to that remote period, when, as has been con- 
jectured, the foot of Mount Vultur was washed by the 
waters of the Adriatic, which now, from an accumulation 
of alluvial matter, has receded full thirty miles from it. 

Assuming then the space comprehended between 
latitude 40° and 41°, as that portion of the Italian Pe- 
ninsula in which volcanic operations are most rife, we 
will, in the first place, trace the same appearances North- 
wards, and afterwards Southwards of this central point. 

Rocca Monjtna . 

First, then, near Mola di Gaeta, on the road between 
Naples and Rome, we recognise on the main land, North- 


East of the town of Sessa, extensive traces of volcanic Geology, 
operations, a considerable mountain, called Rocca Mon- 
fina, composed of lava and scorisp , and retaining ves- ' 
tiges of a crater, appearing to have overspread the 
whole adjoining district with volcanic materials. Some 
of these appear to have been ejected since the country 
was inhabited by mail ; for the remains of an ancient 
city have been discovered in digging underneath fhe 
town of Sessa, of which, however, as well as of the erup- 
tion that destroyed it, no record exists. 

Ponza Mauds. 

A few miles out at sea, to the Westward of Mola di 
Gaeta, lie the Ponza Islands, four of which appear to be 
entirely volcanic, consisting of trachyte, but are destitute 
of any crater, and without any stream of lava proceed- 
ing from them. They seem, therefore, rather to have 
been suddenly elevated from the bottom of the sea, than 
to have been formed by successive ejections of volcanic 
matter. 

Papal Stales . 

A low tract called the Pontine Marshes, divides these 
volcanos from the series of rocks near Albano, which in 
their structure and figure appear to have the same origin. 

Near Albano are no less than four lakes, which seem 
to have been formerly craters. 

The immediate vicinity of Rome, commonly denomi- 
nated the Campngna, is composed of materials, which, 
though of a volcanic nature, appear to have been heaped 
together under wafer. 

They consist of loose masses of lavn or scoria?, feebly 
agglutinated by fine volcanic sand, and alternating with 
arenaceous or calcareous beds, containing fresh-water 
shells, which seem therefore to have been deposited ut 
the bottom of a lake. Hence although certain ob- 
scure Ant ices of volcanic phenomena that occur in (he 
history of ancient Home, may lead us to infer, that the 
forces had not altogether spent themselves at the time 
the country began to be inhabited, yet it seems probable, 
that the eruptions occurred principally at a more remote 
period, when theCampagna was covered with water, and 
the higher parts of the country alone constituted dry land. 

Evident traces of volcanic operations of uii early 
period occur near Viterbo, and extend Northwards to 
lladicofuni, but we have no records of their date, and but 
imperfect accounts of their effects. 

North of Italy. 

Indications of the same nature exist probably further 
North in the neighbourhood of Volterra, where occur 
pools of water called Laguncs, rendered boiling by the 
passage through them of sulphuretted hydrogen, which 
carries with it a little boracic acid. 

But less equivocal proofs of volcanic agency are found 
near the foot of the Apennines in the neighbourhood 
of Verona, Vicenza, and Padua. 

Extensive beds of volcanic tufT there occur, alternat- 
ing with deposits charged with shells belonging to the 
newer tertiary period, with which is connected a group 
of trochytic rocks, constituting the Etiganean Hills, 
which have burst through chalk. Every thing concurs 
to prove, that the whole or the greater part of these rocks 
were formed during the tertiary period, and consequently 
that they belong to the more ancient or antediluvian 
class of volcanos. 

Having enumerated the principal foci of volcanic ac- 
tion North of Naples, we must retrace our steps, and 
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examine what indications of the kind are to be discovered 
to the South. 

In Calabria, harassed as it has been by earthquakes, 
no geuuine traces of volcanic agency have been disco- 
vered, but in the sea to the West of it occurs the group 
of the Li pari Islands, which are derived exclusively from 
this cause. 

Li pari Islands. 

These, however, although built up by the action of pre- 
existing volcanos, appear at present in a great degree 
exempt from their influence ; the only remaining indi- 
cations of the kind being those presented, by certain hot 
springs, which in this case we cannot hesitate to refer to 
such a cause, by iPSolfatara in one of the smaller Islands, 
that of Volcano, and by the volcanic eruptions of Strom- 
boli. The latter differs from most other burning moun- 
tains in the unintermitting character of its eruptions, which 
have indeed continued, from a period at least antecedent 
to the Christian Era, at intervals of a few minutes, but 
without any ejections of lava accompanying them. 

The great mass of this, as well as of most of the other 
Islands, is composed of beds of volcanic tuff or puzzolaiia, 
occasionally penetrated by dykes of slaggy lava, which 
sometimes traverse the contiguous beds in a manner so 
conformable to the stratification, that, until traced to 
some extent, they might be mistaken for beds. Then, 
indeed, they display their true character, either by the 
disturbance they occasion in the beds which they tra- 
verse, or by some deviation from their original direction. 
(See pi. v. fig. 1 and 2.) The peculiar feature of the 
volcanic products ot the Li pari Islands, however, con- 
sists in the abundance of pumice and obsidian, two 
different states of igneous productions, but rarely, if ut 
all, met with amongst the volcanos of Maples. 

In the South of Lipari, the whole surface is covered 
with pumice, which forms several considerable hills, and 
extends to the furthest point of the Island. 

The obsidiuu also occurs in extensive beds, or forming 
asortot breccia, angular masses of it being hekl together 
by a white earthy-looking paste, which is hard and gritty. 

Sicily . 

The Island of Sicily contains a great, variety of rocks 
of ancient formation, in which nothing of a volcanic na- 
ture can be. detected ; but, from a period comparatively 
recent, igneous and aqueous groups seem to have gone 
hand in hand, in building up the rocks of which its but- 
facc is composed. 

In the lower extremity of the Island there occur 
various alternations of volcanic with neptunian deposits, 
constituting a considerable tract, containing within it 
hills from one to two thousand feet in height. The 
volcanic rocks, though sometimes compact, are usually 
more or less cellular. The cells are occasionally empty, 
but at other limes arc filled with various crystalline 
minerals. The neptunian, according to Professor Lyell, 
contain marine shells, the greater part of which are 
identical with existing species, though a few are extinct, 
belonging to the newer pleocene era. Hence the volca- 
nic eruptions, of which Sicily affords the records, 
numerous and extensive as they are, do not go back to 
an era more remote than the newer tertiary deposits. 
The great marly formation, indeed, which occupies a 
large surface in Sicily, and is characterised by immense 
deposits of sulphur, marine salt, gypsum, and other sul- 
phuric salts, may probably be connected with certain 
great submarine eruptions ; but we are prevented from 


clearly giving the dale of this formation, in consequence 
of the absence from it of orgunic remains, with the ex- 
istence ot which the exhalations that gave rise to the 
sulphureous deposits seem to have been incompatible. In 
this formation 000111*8 a phenomenon, commonly, though 
we conceive improperly, denominated, an air volcano. 
The most noted instance is at Macaluba near Ciirgvnti; 
but as we shall consider in another phuv how far it may 
he regarded as connected with volcanic agency, we shall 
at present omit any more particular mention of it. It 
may serve to convey some kind of idea of the extended 
period during which volcunic operations h«\o con United 
in this Country, when we are told, that the whole pro- 
bably of Mount Etna belongs to a period more recent 
than the lavas of the Val di Noto. At its foot, indeed, 
are several isolated rocks; as, lor example, the Cyclo- 
pean rocks off the coast near ('a tail ia, that of La Mntte, 
&c. which seem to belong to the class of submarine lavas, 
and may perhaps be as ancient as some of those already 
mentioned ; but Etna itself is made up, superficially at 
least, of a series of boils of lava and tuff, all of which 
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possess the. characters of subuerinl volcunic products. 

Yet according to the joint testimony of Sir John 
Herschel and Captain Smyth, this mountain has an 
elevation of about 10,000 feet, with a circumference of 
00 miles, whilst, from the descriptions given by Professor 
Lyell of those valleys, which display the internal consti- 
tution of the mountain, and particularly that of the Val 
del Hove, the whole of that portion of it, which is exposed 
to view, appears to consist of a succession of lava beds 
and of tuff, intersected by dykes of trachyte and basalt. 
(See pi. iv. fig. 4.) 

How vast then must have been the period employed 
in the heuping up of so enormous a mass of volcanic 
products, unless, indeed, the scantiness of time was 
compensated by increased energy of action, und the 
earlier portions of the history of this volcano were marked 
by more frequent eruptions than the later ones. 

Yet, to conclude, that, during the whole of this period 
no deluge could have washed over the country, seems 
an hasty assumption, implying a more thorough ac- 
quaintance with the force of the diluvial currents, and 
the extent of their operation upon the struta, than we 
can lay claim to, anil likewise overlooking the manner, in 
which the effects produced upon the surface of this parti- 
cular mountain may afterwards have been disguised by the 
eruptions that succeeded. We shall therefore content our- 
selves with that more general statement, which seems war- 
ranted by the facts before us, namely, that all the erup- 
tions of Mount Etna, of which we have any cognizance, 
took place in the air, and that consequently the earliest 
of them do not in all probability date from so early a 
period, as those of the Val di Noto, which occurred, in 
part, at least, under water, and are covered with neptu- 
nian deposits of the tertiary period. 


Island of Sciarca . 

The neighbourhood of Sicily has likewise presented 
us with an example of one of those events, that occur, 
comparatively speaking, so rarely during the limits of 
human experience, namely, the breaking out of a volcano 
apparently on a new site. 

On the 18th of July, 1831, a British vessel perceived 
in the Mediterranean, betwixt the town of Sciacca in 
Sicily and the Island of Pantellaria, a high irregular 
column of white smoke or steam, which, upon coming 
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Geology, near, proved to be caused by a small hillock of a dark 
CJh. III. colour, elevated a few feet above the sea, which appeared 
to be constantly discharging stones and dust together 
with vast volumes of steuin. 

The volcano went on increasing in bulk, till it had 
attained by the middle of August a circumference of 
3*2 10 feet, and a height of 107. It had a crater of 780 
feet in circumference, and it consisted entirely of dark 
vesicular lava, with a few fragments of calcareous and 
other rocks, not of a volcanic nature, interspersed. 

During the storms of the succeeding Winter, the loose 
materials of that portion of the Island, which hail been 
elevated above the water, were gradually washed away, 
anil no other monument of it now remains, except a dan- 
gerous shoal, with a circular patch of rock in its centre, 
about forty-two yards in diameter, on which there urc 
for the most part two fathoms of water, but in one spot 
only nine feet. 

It appears from the examinations of Hoffman, that the 
volcano in ((iiestion lies in a line, which has been sub- 
jected to volcanic action fiotn remote antiquity, ranging 
from the extinct volcanic Island of Panlellaria, by the 
sulphureous springs of Sciacca, to Mount Etna. 

It is likewise important to remark, thut, according to 
the observations of Captain Smyth, this volcano must 
have been elevated in very deep water, and that even 
now, in Us immediate vicinity, the soundings indicate 
successively, ten, twenty, thirty, and forty fathoms. 

Till within twenty yards, says Captain Swinburne, I 
got no bottom, and then eighteen fathoms water, whilst 
from another account it appears, that at a little distance 
the soundings were 100 fathoms. Lieutenant Lumcrt, 
of the French brig Armide, describes u bank extending 
to the North-East for a mile, which, he says, did not 
exist before the rising of the volcanic hill, and hence he 
infers, thut, previously to the accumulation of the scoria! 
by which its existence was manifested, the volcunic force 
had heaved lip a portion of the bed of the Mediterranean. 
IIow far such a supposition is consistent with analogy, 
will be considered hereafter. 

Grecian, Archipelago . 

If from Italy we turn to the Grecian Archipelago, the 
phenomena just described will be found to have been 
repeated, more than once, within the limits of authentic 
History, near the volcanic Island of Satiloriuo. 

Sun tori no itself (see plate vi. fig. 6) is of a semilunar 
form, and the horns of its crescent are nearly united, 
through the medium of two smaller volcanic Islands, 
called Thcrasia and Aspronesi, so that they together 
uearly encircle an area of above six miles in diameter, 
throughout a great part of which the sea is unfathom- 
able. The beds on all these Islands dip at a slight angle 
tow aids the exterior of the group, just as would huppen, 
if these Islands had constituted the walls of one vast 
crater, formed by the heaving up of the beds from the 
bottom of the sen, as Von Bach and Humboldt imagine 
to have heeu really the case. 

Whether this be the true explanation, or not, of the 
position of the beds in the three principal Islands, will 
be considered afterwards ; but a similar operation to the 
oue supposed, although on a scale of inferior magnitude, 
appears to have taken place in more modern times, in 
the midst of the bay enclosed between the above-men- 
tioned rocks. 

Thus, 197 years before Christ, the island of Hiera, 
now culled Falaia Kammeni, (plate vi. fig. 6,) is stated 


to have been thrown up from the bottom of the sea, Geology, 
and in the reign of Claudius, \. d. 46, another made its c h. HI. 
appearance, which in the >car 726 was joined on to 
Iliera. In 1573. that called Little Kammeni was pro- 
duced ; and lastly, in 1707, New Kammeni was raised 
in the midst of the basin. The hitter is distinctly said by 
the Jesuit Cioree to have been heaved up from the bot- 
tom, as indeed the other Islands are reported to have 
been, and he alleges in proof of it, that a large quantity 
of fresli oysters were found adhering to the rock so 
thrown up. 

Suntorino, with its contiguous Islands, is chiefly com- 
posed of trachytic conglomerates, and tuffs covered with 
pumice, though in one part clay shite, and in another, 
according to Touriiefort, granular limestone, appear. 

From Santorini), a line of volcanic operations extends 
itself through Milo and Argentiere to the Eastern coast 
ol the Peloponnesus, (see plate vi. tig. 5,) where before 
Motion (Methonc in Argolis) are several rocks, called the 
Islands of Pelops, of a volcanic nature, and where also 
a promontory exists of a conical form, which appears at 
an early period of Greek History to have been heaved 
u]). Ovid alludes to it in his Metamorphoses^ and Strabo 
confirms, what otherwise might have been regarded as 
the fiction of a Poet, stating, that even in his time mani- 
festations of volcanic agency still were observed. 

Iceland . 

To complete our account of those decided evidences 
of volcanic action, which are to be met with in Europe, 
we must refer to the Island of Iceland, where, from the 
earliest authentic records till the present day, volcanic 
operations have continued, on an extraordinary scale, and 
with intervals rarely exceeding twenty or thirty years 
between each. The volcanos in that Country are placed 
in general linearly, and the following ones are enume- 
rated. u 

llecln, the last eruption of which was in 1766. 

Kattlagian, which, after an interval of sixty-four years, 
had a violent eruption in 1823. 

Eyafialla Jokul, which, after intermitting for a cen- 
tury, had an eruption in 182 J. 

Grimvatn, a lake which became the site of a n eruption 
in 1716. 

Skaptaa Jokul and Skaptaa Syssel, two contiguous 
volcanos, experienced violent eruptions in 1783, which 
ravaged a vast extent of the country adjoining them. 

The lava made for itself a passage into the plain at 
the base of the mountain, by three streams about eight 
miles apart one from the other. These currents of lava, 
reuniting, covered a space of morc^than 1200 square 
miles. The ejections of ashes which terminated this 
eruption continued an entire year, during which the 
whole atmosphere was constantly darkened by thick 
clouds of cinders. 

Other volcanic phenomena are frequent in Iceland. 

In 1783, a year memorable in its annals for the violence 
of the eruptions that took place in it, a new Island was 
thrown up, consisting of high cliffs, a mile in circum- 
ference, .which, however, the following day, sunk again, 
leaving nothing but a reef of rocks, from five to thirty 
fathoms under water, to indicate its former site. 

Geysers. 

Although wc have abstained in general from noticing 
the hot springs that occur in volcanic districts, not only 
as leading U9 too far, but likewise as tending to iulro* 
duce amongst the fundamental facts upon which we 
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Geology. build a sot of phenomena, the origin of which some 
Ch. III. nin y r |.jrji r( j as problematical, yet are we induced by the 
obvious nature of the connection that subsists between 
the Gexsersor hot springs of Fceland and its volcanos, 
as well as by the general interest which attaches to the 
former, to notice them amongst the efFects of the same 
agency there exerted. 

The Geysers are intermittent hot springs, which throw 
out at intervals a column of water, succeeded by copious 
volumes of steam. 

The intermittent character of the phenomena may be 
seen explained on very simple principles by Sir George 
Mackenzie in his Travel* in Iceland; and there is no 
doubt, hut that the existence of subterranean cavities, 
serving as recipients for water in a heated bed of rock, 
and communicating with the surface by narrow orifices, 
would cause a generation of vapour, which occupying 
the upper portions of such caverns, would at intervals 
acquire elasticity enough to expel the water, and thus 
provide for itself the means of escape. 

The water is strongly impregnated with silex, an in- 
gredient almost universally present in hot springs, but in 
none so abundantly as in these ; nor is it improbable, that 
the higli-piessure steam which we know to be generated 
in tins instance, may materially assist* in reducing the 
silica to a stale of solution, for it has been found, that 
e\cii glass becomes quickly corroded by steam of this de- 
scription, although it resists it when of ordinary elasticity. 

The only other active volcano in the North of 
Europe is that in the island of Jan Mayen, off the coast 
of Greenland. This, when visited by the Rev. Mr. 
Scoresby in the year 1817, exhibited all the marks of a 
recent eruption, and was found to consist of cellular 
lava, of tutl', and of scoria?. 

On the summit was a crater, no less than 500 feet in 
depth, and about :20U0 in diameter. • 

Extinct Volcanos of Europe. 

Having now enumerated the several sites of volcanic 
operations in Europe, which still continue in some part 
or other to exhibit marks of activity, we must next take 
a rapid smvey of those in which the same forces have 
at some former period incontestably been at work, but 
where they seem, so far as human experience goes, to 
have expended themselves. 

In this review we shall omit all, excepting those ex- 
tinct volcanos which have operated apparently under 
similar circumstances to those of the present clay, pass- 
ing over altogether the consideration of such rocks, 
as, though inferred to be volcanic, differ nevertheless 
from the products of existing ones, in a manner which 
seems only explicable, by supposing an alteration iti the 
circumstances under which they were ejected. 

Portugal. 

In this review, it may be convenient to begin with the 
most Southern portion of Europe, namely, the Spanish 
Peninsula, tracing up the indications of the same kind 
that occur until we reach Germany, above which, it may 
be observed, no phenomena of the kind are observable ; 
for although in various parts of Great Britain and Ire- 
land, in the Hebrides, the Faroe Islands, and even in 
the Scandinavian Peninsula, trap rocks of various kinds 
are extensively developed, yet these, lor reasons already 
assigned, do not come tinder our present consideration, 
being nowhere distinctly proved to be produced, as the 
others have been, in the open air. 

VOL. VI. 


On the Eastern side of the peninsula, we meet with Geology, 
volcanic appearances, in the Province of Alcarxe. near t h. 111. 
Cope St .Vincent ; and, on the road from t'intrn to MatlVa, 
near Lisbon, occur alternations of semivitreous basalt 
with tertiary limestone. The occurrence here of the 
former is worth noticing, from the loriindiihlc earthquakes 
with which Lisbon has more than once been visited. 

Dolomieu notices aNoin the Province of Uiera. certain 
volcanic appearances throughout the chain ot uuMiiitains 
called Sierra de l'Estrclla, blit we arc not aw me, that 
they have been examined by any more recent observer. 

Spain. 

Oil the Eastern side of the Peninsula occur indica- 
tions of volcanic action at Gap.* de Gaieta, near Alincira, 
ami further North, as it is said, in the mountains almxe 
Alicant, where earthquakes are frequent and severe; hut 
the most decided and the best established indications of 
the kind occur in Catalonia, near the town of Olot. 

No sooner have we descended the Northern declivity of 
the Pyrenees towards the Eastern extremity of that 
chain, than we meet with a volcanic district of about 
fifteen geographical miles from North to South, and 
about six from West to East, the vents of the eruption 
ranging linearly in the former direction, whilst the cur- 
rents of lava have descended in the latter. 

There aie about fourteen distinct cones with craters, 
most of them as entire, as those in the neighbourhood of 
Naples, or oil the flanks of Etna. They have broken 
through sandstone, shale, and limestone, belonging to the 
secondary jkmkhI, but appear lobe posterior to the most 
modern tertiary strata. Unit exist mi the iieighhnui hood, 
being covered only by the detritus of their own and the 
contiguous rocks. In the XVtli Century the whole of the 
town of Olot, with the exception ot a single house, was 
thrown down by an earthquake, accompanied, as it is 
said, by an eruption; but t his latter circumstance is re- 
garded by Professor Lyell as apocryphal ; an- 1 there ap- 
pears to be no certain record, as to any of the volcanos 
of this (list i ict having been in an active slate during the 
historical period. 

France. 

Traces of volcanic* action are found immediately North- 
East of the Pxrenee*, hi a little hill, composed of scoria*, 
and possessing a regular crater, w hu h borders on the 
sea near the town of Agde, between IJezicrs and Mont- 
pellier. Thence, a line of volcanic rocks, of v ai ions 
degrees of antiquity, extends into the Oveimcs, and 
connects itself with a more extensive ignemi« formation 
in the Vivarais. (Hep. d’Ardechc.) The latter extends 
itself into the contiguous Department of the Haute Loire, 
where round the town of Puy it is most fully developed ; 
and the suine appearances are renewed in the Cantal, 
nenr St. Flour, whence they occupy a wide extent of 
country, until, after forming the elevated range of Mont 
Dor and the mountains about CMermont, they terminate 
Northwards near the town of liiorn. 

To give any thing like a particular neeniint of the 
rocks comprising those extensive districts, would occupy 
too much Bpacc, but it may he well to state briefly the 
general characters, that distinguish in all of them the 
volcanic formations into two great classes. 

There is then, in Auvergne, in the Vivarais, and even 
in the vicinity of Puy in Velay, uu extensive group of 
volcanic hilK possessing* craters, and having streams of 
lava proceeding hr them, which in no respect difl' r, 
u 
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Geologically speaking, from the products of igneous 
action which we witness daily forming before our eyes. 
Though no records remain of the period in which these lava 
streams were ejected, still it is evident, from their shaping 
their course in conformity to the valleys of the district, 
that no great changes in the external configuration of 
the country can have taken place, since the period of their 
ejection ; so that this one circumstance constitutes a broad 
line of distinction between these and other locks in the 
same district, which have themselves been acted upon 
by the causes, that have excavated valleys in the con- 
tiguous formations. 

It may, indeed, he true, that some of these volcanic 
rocks arc themselves excavated to a considerable extent 
by the rivers which flow over their surface, as is re- 
markably exemplified in the Vivarais, where certain 
lava si reams, which manifestly flowed, since the great 
features of the country had become as they are found at 
pri'MMit, have nevertheless been themselves scooped 
out, to the depth of 70 or own 100 feet, by the action of 
the streams that flow at their foot. 

Practically speaking, however, no one can confound 
the ravines, which have been channelled in 1h\u streams 
of more modern date, with the valleys, by which the 
river® which excavated these ravines have their course 
determined; so that the distinction adverted to may be 
admitted on the score of convenience, even by those 
who object to the principle on which it is founded. 
Whether, indeed, the valleys in question have been pro- 
duced by the continued operation of the same streams, 
to which we refer the ravines, is a question more fitted 
for another part of this Treatise; but, as the majority of 
Knghsh Geologists, in speaking of valleys of this de- 
scription, and of the detritus resulting fiom their exca- 
vation, still retain terms, which appear to recognise the 
principle of their having been produced in a different 
manner, designating them, as diluvial valleys, diluvial 
deposits, &e., so ive shall adopt a similar nomenclature 
with reference to the volcanic products of Auvergne, 
speaking of those which arc posterior to the valleys 
of the district, as postdiluvial, and those which arc 
themselves hollowed out by valleys of the same character 
with the contiguous rocks, as autediluvial formations. 

The postdiluvial volcanic products, then, are dis- 
tinguished by the same characters, which belong to the 
modern lavas of Kina or Vesuvius, and may be traced 
to craters often preserving nearly unimpaired their ori- 
ginal integrity. In Auvergne alone little less than 
.seventy of them have been enumerated, which possess, 
in general, a great uniformity of character, and evidently 
all belong to an epoch, at which the adjoining country 
had already become dry land. In the neighbourhood 
of Clermont, however, are five conical hills, (see pi. iv. 
fig. b,) in the midst of a group of these volcanos, pos- 
sessing a striking difference in their aspect and consti- 
tution. They are composed of an earthy and pulveru- 
lent variety ot trachyte, called domitc, arc altogether 
destitute of craters, but in general lie detached, in the 
midst of a sort of amphitheatre of volcanic hills, consist- 
ing of scoriform pyroxenic lavas. 

The loftiest of these mountains, the Puy de Dome, 
gives its name to the Department in which it is situated ; 
the others, the Puy de Sarcouy, the Grand and Petit 
Cliersou, and the Puy de Chopine, lie contiguous, but 
are so detached one from the other, that it would seem 
impossible to imagine them parts of a formation that 
once spread over the intervening country, even if there 


were not other difficulties in the way of such a supposi- 
tion. It was the appearances of these rocks, that origi- 
nally suggested to Von Bucli, in an eurly stage of his 
career, the theory, which he has since applied to other 
volcanic formations in different parts of the World, with 
regard to the hcuving up of conical masses of rock, pre- 
viously softened, by the force of the elastic vapours 
generated by volcanic operations. The phenomena pre- 
sented by one of these hills, the Puy Chopine, strongly 
confirm this view ; as we see there an intermixture of 
trachyte, with granite, and other primitive rocks in 
various states of alteration, according, as it should seem, 
to the different degrees, in which they have been severally 
affected by the igneous action, to which Iheir devotion 
is attributable. The Puy itself is situated in a sort of 
crater, the wulls of which are composed of scoriform lavas 
of the ordinary description. The five domitic hills just 
alluded to, may, perhaps, belong to the postdiluvial 
class of volcanos, hut at a short distance from them oc- 
curs an elevated and extensive table land, called the Mont 
Dor, the great mass of which consists of trachyte, of a 
more compact and crystalline description, and clearly of 
an older date. Vast masses of tuff, similar to the puz- 
zolana near Naples, accompany it, and the whole is 
capped, either with basalt, as is the case at Mont Dor, 
or by porphyry slate, as in the neighbouring Department 
of Canlal, where this same formation extends itself. 
The whole rests upon the freshwater limestone belong- 
ing to the. tertiury period, which, however, in a few 
places, alternates with it, and it is intersected by valleys 
as wide and as profound, as those which traverse any 
of the older rocks in the contiguous country These, 
therefore, vve shall venture to denominate autediluvial, 
in order to mark the difference, both in character and in 
age, that exists between them and the rocks before men- 
tioned. These last, indeed, appear from various circum- 
stances to have been formed under water, and can, in 
no instance, be traced to any crater ot focus of eruption ; 
whether it was, that the changes that have subsequently 
taken place in the country obliterated the traces of 
them, or, what is more probable, that they were origi- 
nally ejected through the medium of dykes, and under 
a pressure which confined the focus of eruption within 
the narrowest limits. 

Be that as it may, it is certain, tha- the appearances 
presented by the vulcanic rocks of Moot Dor and Cental, 
are of a totally distinct character from those of Vesuvius 
or I^tna. Instead of mu row hands of lava covered u ith 
beds of tuff or loose scoria*, these mountains present con- 
tinuous beds of trachyte, basalt, and conglomerate, man- 
tling round the axis of Hie chain, and interrupted only 
by the valleys which intersect them. How these rocks 
could have been brought into their present inclined 
position, will he a matter for subsequent inquiry ; at 
present, wc are only concerned with the circumstances, 
in which the structure of these mountains differs from 
that of the volcanos now forming under our eyes. 

The structure of the volcanic district in the Velay 
and Vivarais is of an analogous kind, consisting of im- 
mensely thick deposits of volcanic tuff, generally resting 
on a fresh-water tertiary limestone, and of rocks of tra- 
chyte and porphyry slate, which appear to lie of subse- 
quent date, and to have forced themselves through the 
tuff which they overhang. 

The depth of the valleys, excavated in this great 
tufaceus deposit near the Puy, serves to evince, either the 
long continuance, or the energetic action of the causes 
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Geology. which have since affected it, and the irregularly abrupt 
*^•1*1* and almost pyramidal form, which belongs to some of 
the detached hillocks, which lie scattered over the valley, 
as that on which the cathedral and part of the town of 
Puy is built, and as the contiguous rock of St. Michael, 
evinces the irregular manner in which this material 
decomposes, and the firmness with which its parts in 
certain positions cohere. The last-mentioned districts 
also, like those of Auvergne, display many indications 
of volcanos possessing a m »re recent date, such as craters 
still remaining in all their original integrity, beds of 
scnriic which have been ejected, as at present, in the open 
air, and lava si reams, which have descended into the 
valleys in conformity with the present configuration of 
the country. Some of these lava streams, however, are 
themselves deeply channelled by the rivulets that flow 
across them, and being composed of compact and co- 
lumnar trap, the sides of the ravine are flanked by ba- 
saltic colonnades. 

Germ any. 

Tn proceeding to Germany, we may remark, that a 
chain of primary rocks, with many secondary formations 
superposed, stietehes with cerium interruptions through 
the heart of the country from Hast to West, of which 
the seveial portions are respectively distinguished by the 
names ot the Tlmringerwald, the Fichtelgebirge, the 
Erzgebirge, the Riescngehirge, iVe. In connection 
with this great back bone, as we may tcim it, of Ger- 
many, and oil either side of it, occur groups of vol- 
canic cones, or other indications of an igneous character, 
whilst to the North of the above line they are entirely 
wanting. 

Eyf ’t Volcanos . 

Beginning with the Rhenish Provinces, we dbserve 
immediately at the foot of the Ardennes, in a district 
called the F.vlel, a cluster of little volcanic cones, com- 
posed, lor tile most part, of loose scoria?, and fYec(uently 
having \cry perfect craters, which sometimes serve as re- 
servoirs for the waters of the country, and thus are con- 
verted into lakes; at other times are dry, and exist in all 
their original integrity. Accordingly, notwithstanding 
the silence of history concerning their eruptions, we can 
scarcely dispossess ourselves of the idea that they were 
the work of a recent period, and are persuaded, that they 
at least belong to as late a Geological epoch us that 
which we have assigned to some of the volcanos of 
Sicily and Naples. 

They arc remarkable for the general absence of any 
lava-currents proceeding from them, being lor the 
most part mere aggregates of scoria?, or a sort of vol- 
canic tuff, made up of pulverulent materials ranged 
round a central aperture. They in some cases consist 
merely of the ordinary rocks, uphenved, but in other 
respects but little altered in appearance. The above, 
however, appear to be the only vestiges of volcanic 
action in Germany, that admit of being clearly referred 
to the same modern epoch, the other rocks, which bear 
marks of a similar origin, being destitute of craters, and 
more compact in their structure. 

Siebengcbirge. 

On the Eastern bank of the Rhine, opposite to Bonn, 
rises abruptly from the borders of the river the chuin of 
mountains, called the Siebengcbirge, from the seven 
principal peaks that strike the eye from a distance. 


They are composed, partly of basalt, and partly of (Uohgy, 
trachyte, which appear to have been protruded through Ch llf m 
tile schists, that constitute the fundamental rocks ot i tie • / 

district. The superposition of the volcanic products to 
the brown coal so extensively met with in this Province, 
is, however, decisive with regard to the tcitiury origin of 
this deposit. The Siebengcbirge are, in tact, a pro- 
longation of the extensive basaltic fomiatiou ot the Wes- 
tern aid, whicn again is connected with anot lie: consi- 
derable volcanic district Not ill East of Fiankfmt, called 
the Vogelsgebirge. 

From the latter, the isolated basaltic cones. olTianklbrt 
and Hamm on the one side, and of Cnssel and KimmukIi 
on the other, seem to be lamiiicutioiis. In inunv of 
these basaltic rocks, the compactness of strucuiie is 
quite equal to that of the trap m old* r formations, but 
in o'her cases, they aie associated with vesicular lavas, 
which occur less frequently at least, it they aie not en- 
tirely absent, in the latter. The contact between the 
volcanic material, and the contiguous stratum, lias often 
been productive of very striking changes in tile structure 
of the rock, rendering, in puiticular, the sandstone haul 
and prismatic, just in the same manner as is done m 
some parts of this country bv artificial heat. 

Higher up the Rhine, occur several groups of rocks 
possessing a similar origin to the above. Ill the Oden- 
vvald, near llcidclhurg, rise some cinmetiees from the 
midst of the new red sandstone, in winch basalt is found 
associated with augite rock; and near Ereyburg, in the 
Brisgau, is the series of lulls, of which that called the 
Kaiserstuhl is the most pioinmcu!, destitute of cra- 
ters, but containing, intei mixed or associated with com- 
pactor rocks, vesicular products much resembling reient 
lavas. Lastly, a lew miles to the North of the Luke, 
of Constance, is the commencement ot another (hum 
of basaltic and porphyritic cones, connected with which, 
are certain overlying masses of basalt in Wiricmbcrg, 
along the chain of the Haiihe Alp South of Tubingen. 

These latter, however, have more of the diameters 
which mark the older trap rocks. 

In the Khottgehirge, a group of mountains East of 
Fulda, a continuation of the same volcanic tnrinahnii 
has been noticed, though lecent observers have pro- 
nounced it to he destitute of craters ; and at the Fich- 
lelgebirge, on the North-Eastern limit of Bnlicmiu. occurs 
a series of basaltic cones extending fioni Egra to Faik- 
stein. 

The same rocks may be traced to Toe pi it/, in Bohe- 
mia, and to the Riescngehirge in Silesia, whilst on the 
lower side of tins chain of mountains, which istheie called 
the Erzgebirge, occur several plat forms, cones, and domes 
of basalt, overlying the other rocks ol the country, and 
therefore posterior to them all. It was these, which im- 
pressed Werner with the idea of the aqueous origin of 
trap, from the marked contrast he observed between the 
characters and position belonging to these rocks, and to 
the volcanic products of the present d.iy. 

Lastly, on the Western border of Moravia, near the 
frontier of Hungary, is a small basaltic deposit near 
Bauovv. 

The above statement.it is feared, affords but on imper- 
fect enumeration of the several siu*s, in which volcanic 
action has at former periods of the Earth’s history mani- 
fested itself throughout Germany, whilst it is probable, 
that many of the trap rocks alluded to belong to the class, 
which has liecn in general omitted, namely, that of sub- 
marine lavas ; nevertheless it may have its use, in point- 
5 n 2 
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Geology, ing out an important fact in the natural history of volca- 
Ch. 111. UOSi namely, the linear direction which they assume, und 
their connection with the leading chains of mountains 
in the count! y, corresponding also with the direction, in 
which the shocks of earthquakes arc most commonly 
propagated, and in which hot springs occur. 

Hungary. 

Connected with some of the more Eastern of these 
groups, is a very extensive volcanic formation in the 
North of Hungary, consisting of five principal groups, 
the first of which, in the district of Schemnitz and Krein- 
nitz, occupies an elliptical space of about twenty leagues 
by fifteen. 

The second, a smaller group South of the preceding, 
forming the mountains of Dregeley, near Gran, oil the 
Danube. 

The third, a mountain group known by the name of 
Matra, situated in the heart of Hungary, East of the 
former. 

The fourth, a chain which commences at Tokai, and 
extends North to the heights of Eperies, in length 
twenty-eight or thirty leagues, and in breadth about five 
or six. 

The fifth is that of Vihorlet, East of the foregoing 
group, which is connected with the trachytic mountains 
of Marninrosch on the borders of Transylvania. 

The latter form a wide range extending from Vasar- 
hcly near the Western declivity of the Carpathians along 
the hue of the river Marosch, nearly to Cronsladt on 
the frontiers of Walachia- 

Now it is remarkable, that throughout the whole of 
this tract, studded as it is with indications of volcanic 
agency, no evidences of a continuance of the same has 
been discovered, unless the Solfatara of Budoshegy in 
Transylvania be regarded in that light. Neither do 
any craters exist, except at the Southern extremity of 
this hitter chain, and perhaps near the Luke of Balaton 
in Hungary. 

In other situations, the prevailing rock is trachyte, 
which occurs in a state of greater developement, und con- 
sequently under a greater variety of aspects, than any 
where else in Europe. This is associated with pumice 
and other cellular products, which indicate that it was 
not formed under deep water; an inference confirmed by 
observing, in the pumiceous conglomerates derived from 
the trachyte itself, shells of the same age as those met 
with in the basin of Paris. (Pendant.) It would seem 
then, Hint the volcanic eruptions of Hungary took place 
at a period, when the low country was overspread with 
extensive fresh-water lakes, of which that of Balaton, near 
which locality they appear to have continued longer than 
elsewhere, is the only considerable remnant. 

In Styria also, a little to the South cast of Gratz, 
occurs a series of volcanic hills, grouped round u cen- 
tral trachytic eminence, the Glcicheuburg. (See pi. v. 
iig. 10. for ail ideal section of the arrangement of the 
strata round the central trachyte in that Country.) And 
it is probable that others exist in many parts of Turkey. 

It is certain that on cither side of the Sea of Mar- 
mora, from the Dardanelles upwards to Constantinople, 
y, occur volcanic rocks, whose porous and vitrified aspect 

announces a modern origin, but they appear to be des- 
titute of craters. 

On the Volcanos of Asia . 

Asia Minor. 

With the line of extinct volcanos on the shores of the 


Bosphorus is probably connected that which has been Geology, 
described by Mr. Webb as existing in the Troad, and Ch. lit 
which is developed still more extensively in the neigh- 
bourhood of Smyrna. The latter district was called, 
according to Strabo, the Catacecaumene, from its burnt 
and arid appearance, nor does this ancient Geographer 
hesitate, to refer the characters it bears, to the action 
of fire proceeding from the earth. («7ro 777*1 /©w 7 rv/wv.) 
lie also speaks of a Plutonium or cave exhaling car- 
bonic acid, which still appears to exist in this neighbour- 
hood, a proof of the long continuance of processes 
resulting from this deep seated cause. 

Dead Sea . 

In Syria, and especially in the neighbourhood of the 
Dead Sea, occur indications of volcanic action, belonging 
apparently to a still more recent date ; at least, if we arc 
justified in supposing the awful event, relative to the de- 
struction of the cities of the Pentapolis, recorded in the 
Book of Genesis, of which the Dead Sea is stated as the 
result, to have been brought about by the immediate 
operation of volcanic forces. 

The exact inode, in which it came to pass, that the 
River Jordan, which appears at one time to have flowed 
into the Red Sea, (see pi. vi. fig. 1.) created that ex- 
panse of waters which now occupies the valley of the 
Pentapolis, and in which the stream at present loses 
itself, must of course continue a matter of surmise, until 
some adventurous traveller shall have examined the 
country South of the Dead Sea with Geological eyes. 

It may, however, be .suggested, that if one of those vol- 
canos which, we are told, exist South of the Dead Sea, 
had given rise to a current of lava of considerable thick- 
ness, which took possession of the bed of the river, 
the waters of so considerable a stream, confined within 
the compass of the valley, would have spread them- 
selves over it, until they had converted what was before 
a fertile plain into a wide vvuste of waters. 

Sueh a supposition is at least agreeable to analogy, 
for Auvergne alone supplies us with more than one in- 
stance of a lake being produced, owing to the ponding up 
of the waters of a river by n stream of lava; nor ought 
it to be objected to as inconsistent with the authority of 
Scripture, which in this, as in other instances, only 
informs us, with regard to the reality of tile event, and 
the moral end it was intended to answer, without seeking 
to enlighten us relative to the physicul means by which 
it was brought about. 

Dr. Clarke and other travellers notice similar volca- 
nic appearances in Palestine; aiuUsome of the sacred 
Prophets, from certain allusions that occur in their 
writings, appear to have been eye-witnesses of, or at 
least familiarly acquainted with, volcanic phenomena. 

Red Sea. 

The existence of extinct volcanos at Sherm in the 
Peninsula of Mount Sinai, may enable us to connect the 
phenomena exhibited in Palestine with the active vol- 
cano of the Island of Zibbel Tcir in the Red Sea, and 
with other appearances otHhe same kind that have been 
noticed in Arabia. 

Central Asia. 

There is reason also to believe, that volcanic operations 
may lie traced along a line, where we should be least 
disposed to anticipate their occurrence ; namely, across 
the centre of the great Asiatic Continent. To the West « 
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Geology, and South of the Caspian lies the chain of the Cauca- 
Ch. 111. sus, which presents in many parts indications of the 
kind. Mount Ararat itself is stated to be an extinct 
volcano, and some mountains further North, near the 
River Kubari, are stated to be composed of materials 
similar to those of the trachytic hills near Bonn. De- 
mavend, the highest peak in the chain of El burs, itself 
a branch of the Caucasus, is an extinct, if it be not now 
an active, volcano, for it is reputed sometimes to emit 
smoke, and Morier mentions traces of the action of fire 
South of this point, between Teheran and Ispahan. 

If we cast our eye on the mass of Central Asia, wc may 
observe a series of lakes or seas, of which the Caspian is 
the most Eastern, extending far into the Chinese terri- 
tory. These lakes are indications of a great depression 
of tile Earth’s surface, which Humboldt conjectures to 
extend Northward to the Frozen Sea, at the mouth of 
the River Ob, on the Eastern side of the Oural moun- 
tains, and which stretches Eastwards between the two 
nearly parallel ranges, the Altai and the Teen-shan or 
Celestial mountains. This depression is not merely a 
relative, but an absolute one, for Engelhardl and Parrot 
have ascertained by barometrical measurement (and the 
same has been continued in a very remarkable manner, 
by (he observations made on the boiling point of water 
by a recent English traveller Captain Monleith) that the 
Caspian, which occupies its present level, is below the 
surface of the Ocean ; and the existence of salt in the soil 
as well as in the lakes, together with the presence of sea- 
shells identical with existing species, indicate, that at 110 
very remote era, Geologically speaking, a large portion at 
least of this tract was occupied by wuter, of which the 
Caspian, the Lakes of Aral, Haikal, &c. are the residue. 

Now it is in this depressed portion of the great Asia- 
tic Continent, that the volcanos, which are reputed to 
exist in Central Tartary, have broken out. • 

Ttie extinct volcano of Aral Toobe, which is an Island 
in the Lake of Alakul, and the Solfatara, ns Klein usat 
calls it, or the active volcano, as Humboldt is inclined to 
consider it, of Peechan or the White Mountain, both lie on 
the Northern declivity of the Celestial Mountains, the 
latter not very distant from the Lake of Tssikoul, which 
appears to be about double the size of that of Genevu. 
It had an eruption in the Vllth Century. In its neigh- 
bourhood is a mountain called Ourumski, live leagues 
in circumference, which produces immense quantities 
of sal-ammoniac, and which prnluibly is the crater of a 
Solfatara, or half-extinguished volcano. Near the Lake 
of Darlai also is a small mountain full of fissures rising 
out of a plain adjoining the banks of the River Kobok, in 
which the same salt sublimes. 

Eastward of Pechau, the whole Northern slope of the 
Celestial Mountains presents volcanic phenomena, for 
lava and pumice abound, and various exhalations are 
here and there emitted. 

Southward of the same chain also occurs the volcano 
of Tourfan, in latitude 4 3° 34', called Ilo-Tcheou, town of 
fire; though it seems doubtful, whether this be in an ac 
live condition at present. It is said to be in the midst 
of several considerable, though, according to Humboldt, 
shallow lakes, and produces large quantities of sal-am- 
moniac. Thus Humboldt concludes, that we are ac- 
quainted with a volcanic territory in the interior of Asia, 
the surface of which is upwards of 2500 square leagues, 
and which is distant 300 or 400 lengues from the sea ; 
a remarkable exception certainly to the general fact of 
the propinquity of volcanos to the Ocean, though one 


not more extraordinary, perhaps, than the position of Geology . 
Jorullo in the centre of Mexico, seeing that all these ill- 
volcanos, in consequence of their mutual connection, 
may be supposed to communicate with the hikes, tlmt 
occur in the longitudinal valley in which they are situ- 
ated, just as tile Mexican volcano, by its connection with 
the other vents which stretch across the American Con- 
tinent, appears to be with either Ocean. 

Kamtschalka. 

The exact condition, however, in which the volcanos 
of Central Tartary now continue, must, after all, be open 
to some uncertainty, seeing they have never \v\ \ K *en 
examined by any European traveller ; and the only ones, 
whose existence on the Continent of Asia can be looked 
upon as ascertained, ure those in the Peninsula of 
Kamtschaika, where three in a very active condition are 
enumerated 

Thence we may, to nil appearance, trace a chain of 
volcanic operations along the Aleutian Islands to the 
Peninsula of Alnschka, in North America, where indi- 
cations of the kind are said to occur. 

Among the Aleutian group, Langdnrf has described a 
rock near the Island of IJnalaschku, 3000 feet in height, 
consisting of trachyte, which mude its appearance at once 
from the bottom of the sea in the year 1795, an occur- 
rence, which may serve to render mure credible the 
traditions which have reached us, us to the rise of new 
Islands elsewhere in the sen. 

The volcanos of Kamtschatka arc connected again 
with a very extensive range of similarly formed moun- 
tains in Japan, through the medium of those of the 
Kurule Islands, in which no less than nine active vents 
are enumerated. 

Indian Archipelago . 

Other links in the same extended chain of igneous 
operations may be observed in the Islands of Loo-Choo, 
probably in that of Formosa, and in others connecting 
Japan with the Philippine group. (See pi. vi. fig. 4.) 

Lmjon, the largest of these, contains three active vol- 
canos, one of which, that of Taal, South of Manilla, had 
an eruption in 1754. The Islands of Fugo and Mngin- 
danao likewise contain each a burning mountain. The 
line is thence prolonged through Sanguir and the North- 
east extremity of Celebes, by Termite and Fidore to the 
Moluccas. In Sambawa, belonging to tin's latter group, 
one of the most formidable eruptions ever known lias 
been recorded by Sir Stamford R allies, the effects of 
which were felt over a space of 300 miles, extending 
itself through the whole of the Molucca Islands, Java, &c. 

From Sambawa a great transverse line of volcanic 
operations may be traced from East to West. Ott the West it 
passes through Java, then bending Northwards is pro- 
longed through Sumatra, aiul terminates in Darren Island, 
in the Day of Dengal, about the 12th degree of North 
latitude. (See pi. iv. fig. 4.) To the East of Sambawa 
the volcanic range extends itself to Datula mid New 
Guinea, and then expands over the greater part of the 
Pacific Ocean, which appears to constitute but one great 
theatre of volcanic operations. 

Pacific Ocean . 

The Islands dispersed over this vast expanse may in- 
deed be referred to two classes ; those of low elevation, 
which appeur to consist entirely of coral reefs, and those 
of more considerable height, chiefly consisting of volca- 
nic peaks. But even the former appear to be in the 
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Gaology. great majority of instances based upon submarine vol- 
C'i 111. canon ; for it seems to be ascertained, that madrepores will 
not commence their building operations at a depth 
greater than about twenty feet below the surface of water; 
and where the subjacent stratum bus been explored, a 
rock of* volcanic nature has in general been detected as 
its basis. Among the loftier Islands of the Pacific Ocean 
occur some of the most remarkable volcanos of the 
Globe, especially that of Kirauca in the Island of 
O why bee, described by Mr. Ellis which appears to he in 
a state of incessant activity, and Mouna-roa, an extinct 
one, the height of which is calculated at 16,020 feet. 

Other volcanos are stated to occur in different pnrts 
of that extensive tract, as far us New Caledonia and New 
Hebrides. The separate mass of New Zealand, with 
which Norfolk Island is connected, may he viewed as 
the Northern extremity of the bulwark; its Eastern can 
hardly be fixed at any nearer point than the coast of 
America, since it appears, that an active volcano at pre- 
sent exists among the Galapagos only 10 degrees West 
of Quito. 

On the Volcanos of Africa . 

Nor arc volcanic phenomena limited to those Islands 
only which lie Eastward of the Indian Archipelago ; 
for we have reason to believe, that a large proportion of 
those which may be regarded as dependences upon the 
Continent of Africa, are derived in great measure from 
the same cause. 

How, indeed, the case may stand with regard to the 
largest of them, Madagascar, our imperfect acquaintance 
with that extensive iract affords us but few data for de- 
termining ; though Ebcl (Bau der Erde) states the ex- 
istence there of a volcano, and some specimens that 
were sent from thence to the Geological Society seem to 
corroborate his statement. 

We know, however, that the smaller Islands in its 
vicinity, namely, the Mauritius and the Isle of Bourbon, 
arc made up entirely either of volcanic materials, or of 
the coralline limestone of modern growth. In the 
centre of both these Islunds rises a conical mountain, 
constituting the most elevated point of each; hut in the 
Mauritius there is no semblance of volcanic action at 
present, whereas, in the Isle of Bourbon exists one of 
the most active vents in the World ; for since 1785, the 
year in which a register of its eruptions was com- 
menced, up to 1801, at least two lava streams annually 
have been thrown out from the sides of the mountain, 
aud of these, eight have reached the shores of the sea. 
These currents of lava from the lower part of the moun- 
tain are followed by ejections from the craters situated 
on its summit, and amongst the substances thrown out 
is that filamentous vaiiety of pumice, which so resembles 
spun glass in appearance and flexibility. 

These lavas are of a trachytic character, but the 
Island itself is principally composed of beds of compact 
and ainygdaloidal basalt, alternating with tuffs, the whole 
being intersected by basaltic dykes. 

Besides this active volcano, an extinct one of larger 
size, called Les Fournoiscs, exists in the West of the 
Island. On the Continent of Africa itself, we huve no 
well -ascertained instance of volcanic agency, though the 
German traveller Rflppell reports, that in Ktirdofan, 150 
leagues from the Red Sea,, and, consequently, far in 
the interior, u conical and smoking mountain was stuted 
to him as existing. 

We will proceed, therefore, to the Islands on the 


Western side of Africa, beginning with St. Helena, Geology, 
which appears to be made up of coralline limestone and Hi. 
volcanic matter, the disposition of the latter being to- s " 
wards the centre of the Island, where a crater shaped 
cavity exists. 

The Island of Ascension, of Tristan d’Acunha, and 
that called Gough’s Island, are also volcanic, and so 
likewise are those of Fernando Po and Prince's Island, 
in the Bight of Biafra. 

The Cape Verd islands are composed chiefly of 
tertiary limestones and volcanic products, but no active 
volcano exists amongst them, except in the Island of 
Fuego, which is reported to be in a state of constant 
activity. 

Canary Islands . 

Ferro, the next in the series, is volcanic, anil a 
burning mountain burst out in it in 1677, which again, 
ill 1692, caused an eruption of six weeks' duration. 

Indeed, the whole group of the Canaries seems to be 
placed within Ihe sphere of the same submarine volcano ; 
for although vestiges of other rocks are met with, as of 
granite and mica slate in Gomcra, and of limestone ill 
Great Canary, Fortaventura, and Lanzerote, yet none 
of these Islands are exempt from occasional manifesta- 
tions of the same igneous action. 

Teneriffc. 

In the Island of TenerilFe we see exemplified, almost 
every variety of volcanic product that elsewhere exists. 

The Peak, a conical mountain which rises to the 
height of about 12,000 feet, is itself composed of tra- 
chyte, but it rises out from the midst of rocks, consisting 
of hasalt and the compacter forms of pyvoxcuic ln\as. 

The crater of the Peak has given rise to ejections of 
vitreous lavas, partuking of the character of obsidian, 
together with loose masses of this substance and of 
pumice. 

At present, however, the principal eruptions take 
place from the flanks of the mountain, and at a much 
lower level, namely, from the parasitic cone of the moun- 
tain Clmhorru, which hears the same relation to the Peak, 
that the Monte Rosso does to Etna; and it is remark- 
able, that pumice never has been thrown out by any of 
these later paroxysms, the products ot which are lavas 
or loose masses, possessing a stony aspect, a black 
colour, and a large proportion of pyroxene ; substances, 
in short, bearing the same relation to the compact traps 
constituting the basis of the mountain, which the tra- 
chytes do to the clay porphyries found amongst older rocks. 

The remainder of the group, as' described by Von 
Buch, appears to consist of submarine lavas similar to 
those which constitute the base of Tcneriffe ; in the 
Islands of Great Canary, of Palma, and others, the beds 
composing them rise in all directions upwards towards 
the centre of the Island, where occurs a circular cavity, 
called u Caldera, similar in shape to a crater, but desti- 
tute of lava currents, more profound and abrupt, and of 
greater circumference. 

The Caldera in the Isle of Palma is 5000 feet in 
depth, and about two leagues in diumeter, and from its 
summit, the edges of the beds, of which the Island is 
composed, arc seen in regular succession, intersected by 
a network of basaltic dykes. 

Another prominent feature in these Islands, is the 
occurrence of deep and abrupt valleys called Barancos, 
which intersect the strata, radiating in all directions 
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Geology. f rom the centre to the circumference. Their precipitous 
Ch. J1I. escar p niPn t Mf and the absence of any streams running 
through them, plainly denote that they owe their origin, 
not to water, but to something connected with the pe- 
culiar physic-id structure of the Island; and Von Buch 
observes, that both the position of the rocks themselves 
and the barancos with which they arc intersected, admit 
of a simple explanation, if we suppose a succession of 
submarine lava-beds to have lieen upheaved by the 
action of elastic vapours from the bottom of the sea, the 
Caldera, towards which till the strata rise, being the point 
that first yielded to the force applied, the Barancos, a 
natural consequence of the splitting, which would be 
caused by the increase of surface over which the rocks 
were spread, when raised up from their original ho- 
rizontal position at the bottom of the sea. 

As this mode of explanation has, however, been lately 
disputed, we shall defer the consideration of it to a later 
portion of this Treatise, and shall, therefore, only remurk 
that the Caldera of Vandama, in the Island of Great 
Canary, is composed principally of trachyte, (see Von 
Biicli, p. 261.) and therefore could not have been built 
up by a number of successive eruptions, us has been the 
case with some craters. (Sec pi. iv. fig. 3.) 

The Island of Lanccrotc is somewhat differently 
formed from the rest, presenting a series of not less 
than twelve little volcanic cones, three or four hundred 
feet in height, composed of harsh, porous, sharp 
li'pilli, provided each with a crater, lying exactly in a 
line, a-- if they hud been thrown up from a large fissure 
or lent extending across the Island, which had a com- 
munication with the interior. 

Lnnccrnte has been visited with several formidable 
eruptions, especially one which continued at intervals 
from 1730 to 1736, so severe as to drive away the inha- 
bitants entirely ; and another in 1824, in which *n new 
volcanic mountain was formed by the stones ejected. 

Madeira is composed in great measure nl the same 
materials as the foregoing Islands, but no vestiges of 
any recent volcanic operations are discoverable; and the 
same remark applies to Porto Santo, which consists of 
an alternation of the above rocks with tertiary lime- 
stones, and sandstones disposed horizontally. 

Mount Atlas. 

Certain parts of Mount Atlas on the Continent of 
Africa, opposite to the Islands just alluded to, are said 
likewise to be volcanic. 

The mountain called Black Hnrusch consists, accord- 
ing to Humboldt, of basaltic rocks of a grotesque form. 
Its Western range, called the Mountain of Soudan, has 
been explored by Ritchie, who describes it as formed 
by masses of basalt, which have burst through tertiary 
limestone containing fossil fish, as in the Vicentiu. It 
was the Mous Ater of Pliny, and if any reliance is 
placed on the accounts of volcanic appearances reported 
to have been seen by Hantio whilst circumnavigating 
that part of Africa, it is more likely, that he should have 
referred to these mountains, than to the volcanos of Tene- 
rifTe, which were too distant from the coast for him to 
have touched upon, 

Azores . 

The last group of Islands in any degree connected 
with this portion of the Globe is that of the Azores, and 
this also is altogether of a volcanic nature. The Island 
of St. Michael, the largest of them, contains several 


conical hills of trachyte, some of them with craters, and Geology, 
covered by the pumice and obsidian they had ejected, t’h. III. 
This trachyte has, however, been protruded through 
strata of basalt and tuff', which constitute the fundamental 
rocks. 

El Pico, the summit of which is 9000 feet above the 
sea, consists ot a conical mass of trachyte, from which 
smoke is co/istantly issuing. In 1812, an eruption took 
place from the Island ot St. George contiguous, which 
was probably connected with this same volcano, considered 
the only active one iti the whole group. 

In 1811 a phenomenon occurred near this group of 
Islands, similar to that already described as having taken 
place near Sicily, and in the Grecian Archipelago. 

After a succession of earthquakes, experienced more 
or less sensibly in all the neighbouring parts, a new 
Island rose in the midst of the sen, of a conical form, 
and with a crater on its summit, from which 11 nine and 
smoke continually issued. The Island, when visited 
soon after its appearance by the crew of the British frigate 
Sabrina, was about a mile in circnmlereiicc, mid 200 or 
300 feet above the level of the Ocean. 

Like the Island of Sciaccn, however, it sunk again 
into the sea, after continuing to be visible above the 
waters ibr some weeks. 

On the Volcanos of America. 

Antilles. 

All the smaller Islands constituting the West-Indinn 
Archipelago, are composed either of cor.dlitie limestone 
of very recent formation, or of volcanic materials. 

Those which consist wholly of the former, are of ex- 
tremely low elevation, whilst the volcanic Islands rise 
often to a considerable height. The latter gintip may 
be divided into those which are critirel\ volcanic, ami 
those which contain ail intermixture ol calcareous rocks. 

The first of these classes comprises the following- 

1. Grenada, in which there is an extinct crater filled 
with water, 

2. St. Vincent, the site of nil active volcano called Lc 
Suv/frier, which had a tremendous eruption in 1812. 

3. St. Lucia, which also contains a very active volcano. 

4. Dominica, the site of an extinct volcano. 

5. Montserrat, of a solfatara. 

6. Nevis, of the same. 

7. St. Christopher's, of ditto. 

8. St. Kustachia, of ail extinct volcano. 

The second division would comprehend, 

1. Martinique, which consists chiefly of felspathic lava, 
constituting its three peaks, but which lias calcareous 
rocks resting upon these volcanic materials. 

2. Gtiadalniipc,oiie portion of which consists of coral- 
line limestone, the other of volcanic rocks, containing 
fourteen craters, one of which is in an active condition, 
and hud an eruption in 1797, 

3. Antigua, in which calcareous rocks of recent origin 
predominate. 

4. St. Barthelemi. 

&. St. Martin. 

6. St. Thomas, of which we possess no precise infor 
motion. 

It may be observed, that all those Islands which ex- 
bibit traces of the recent action of fire, are situated in a 
line on the Western boundary of the range, from North 
latitude 12° to 18°, and West longitude Ci° to 63°. 
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Geology. Whatever indications of l he kind occur further to the 
Ch. HI- West, belong to eruptions of an older date. 

Thus the volcanic islands of the Antilles seem to he 
the links, which connect the chuin of primary mountains 
in the t'uraccas, with that which runs across the Islands 
of Poito Ilico, St. Domingo, Jamaica, and. Cuba, both 
which lie nearly at right angles to that of the volcanic 
Islands enumerated. Vet the connection between the 
two is evinced, from the earthquakes, to which the nou- 
volcanic chains above mentioned are so subject, ceasing, 
upon the breaking out of an eruption in one of the vol- 
canos of the neighbouring Islands. 

On the Continent of North America we meet with no 
recent volcanos further North than California, where 
three are stated as being aL present in activity, although 
little is actually known concerning them. 

Mexico . 

In Mexico, traces of volcanic action belonging to every 
Age are strikingly manifest. Basaltic rocks and other 
modifications of pyroxenic lavas are met with in abun- 
dance, but the most elevated parts arc composed of 
trachyte, which appears to have burst through the pri- 
mary rucks, constituting conical or pointed mountains 
of enormous height. There would even seem to he a 
passage from these into granite, through the medium 
of a species of porphyry, which, though it partakes of 
the slime, ingredients as trachyte, is of a compucter 
texture, and which seems at the same time lo be intcr- 
ntratilied with the primitive rocks of the country. 

Hut Mexico also presents a chain of active or half- 
extinguished volcanos, ranging in a linear direction 
across the Continent, and consequently at right angles 
to the primary chain above mentioned, which runs 
North ami South. 

In the parallel of the City of Mexico occur no less 
than five burning mountains, placed so much in the same 
line, that they appear <o be derived from a fissure tra- 
versing Mexico from West to Bast ; and it is interesting 
to remark, that if the same parallel line which connects 
these volcanos be extended ill a Western direction, it 
would traverse the group in the Pacific called the Isles 
of Rivillagigedo, which there is reason to believe are 
also volcanic. See plate vi. fig. 3. 

The most Eastern of these, that of Tuxtla, is situated 
a few miles to Die North-West of Vera Cruz. In the 
same Province, but further to the West, occur Die vol- 
cano of Orizaba, the height of which is 17,300 feet, and 
the peak of Popocatepetl 300 feet higher, the loftiest 
eminence in New Spain ; whilst on the West of the City 
of Mexico urc the two remaining ones, Colima and Jo- 
rullo. The elevation of the former is about 9000 feet. 
That of the latter much less considerable. It is remark- 
able, however, ns affording us an instance of the break- 
ing out of a volcano in a new spot ; for the origiu of 
this mountain dates no further back than the year 1759, 
when it was suddenly thrown up, with five smaller coni- 
cal masses, from the midst of the plain called the Mal- 
pays, which also, over an urea of three or four square 
miles, was upheaved with an inclination increasing from 
the circumference to the centre, the former being only 
thirty-nine feet above the old level, the latter no less than 
524 feet. (See plate iv. fig. 1 and 2.) 

Thousands of small cones from six to one hundred 
feet in height, called by the Indians Hornitos, or Ovens, 
are scattered over this upraised plain ; they consist of 


clay intermixed with decomposed basalt, and are con- Geoloj 
tinually giving out steam. Ch.Il 

Jorullo, at Die time Humboldt visited it, was still v 
emitting smoke, and had thrown out from its North side 
an immense quantity of scoriform and basaltic lavas. 

The surface of the Malpays was also still hot, and two 
streams of water, which were sw allowed up in the hol- 
low caused by the upheaved strata, reappeared on the 
other side of the plain, as warm springs. 

In this brief account of the curious and instructive 
phenomena of Jorullo, we have taken for our guide, 
Humboldt, as the only scientific traveller who has 
given us an account of it, after an actual inspection of 
the spot. We are aware, indeed, that doubts have been 
thrown upon his explanation hy certain English Geolo- 
gists, who are reluctant to admit the fact, of npheav- 
ings having taken place amongst, volcanic materials ; 
but without, entering into this question at present, we 
may remark, that those who admit the uplifting of a whole 
Island at once from the bed of the Ocean, (and who, that is 
conversant with \otcauic phenomena, can question that 
such events have occurred ?) need feel no difficulty in ad- 
mitting the testimony of the Indians, or the opinion of 
Humboldt, with respect to the fact of a mountain like 
Jorullo having been uplifted bodily from the interior of 
the Earth. 

The active volcanos above enumerated are connected, 
one with the other, by several which are extinct ; thus 
between Orizaba and Popocatepetl, lies the Collie de 
Perole, and between Popocatepetl and Jorullo, t he ex- 
tinct volcano of Mexico, otherwise called Iziuecihuatl, 
whilst Colima, as we have seen, lies between Jorullo and 
the Islands of Rivillagigedo above noticed as volcanic. 

In the new Republics of Cniutiinala and Nicaragua* 
a line volcanos occurs lying parallel, instead of trans- 
versely, to the chain of the Cordilleras. .Between North 
latitude 10° and 15°, twenty-one active vents are enu- 
merated. South of the Isthmus of Darien, in the Re- 
public of Columbia, no less than thirteen occur. 

One of these, the Peak of Tolima, is in the depart- 
ment of Cmulinumarca, and the Province of Bogota, forty 
leagues from the coast, and amongst Die central Andes. 

Seven are in the department of Cauca, which extends 
aloug the coast of the Pacific ; four of them belong lo the 
group of Popayan, and three to that of Pafetos, two Pro- 
vinces comprehended in that department ; whilst further 
South, in the Province of Pichinca, or Quito, belonging 
to the department of the Equator, are five active volcanos. 

The connection betweeu these last, and the volcanos 
of the department first mentioned, yiras evinced in 1797 
by the following circumstance. 

A dense column of smoke had for some months been 
observed to issue from Die volcano of Pasto in the latter 
Province, which all ut once disappeared ; and it wasaltcr- 
wurds found, that at this exact time the town of llio- 
bomba, sixty-five leagues further South in the Province 
of Pichinca, which lay contiguous to the volcano of 
Tunguragua, was destroyed by a fearful earthquake. 

It is remarkable that the whole of this line of vol- 
canos lies Westward of the Andes. To the East of 
this chain exist, indeed, three small vents near the 
sources of the River Caqueto, Napo, and Morena ; but 
these, according to Humboldt, probably result from the 
lateral action of those of Popayan and Pasto, whilst 
Buenos Ayres, Brazil, Guayana, and Venezuela are 
altogether destitute of these phenomena. 
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South America . 

On the Western side of the Cordilleras, however, the 
line of volcanic operations would seem to extend unin- 
terruptedly along the whole coast to Chili ; for although 
iii the interval of 30 degrees that occurs between the latter 
Republic and Quito only one burning mountain exists, 
that of Arequipa in Peru, yet it seems probable, from 
the frequent earthquakes that agitate the intermediate 
tract, that the same processes are going on beneath, 
although no permanent vent exist for the discharge of 
elastic vapours. 

In Chili, sixteen active volcanos are enumerated, of 
which two only exist ou the coast, the rest being situated 
in the midst of the range of mountains, which runs in 
a direction nearly parallel to it, but further iuluud. Thus 
wc may trace a line of volcanic operations along the 
greater part at least of the Western coast of South Ame- 
rica, the loftiest eminences being of trachyte, which en- 
circles in zones a large portion of the table land, but 
rarely extends into the valleys, forming conical moun- 
tains, which often serve as vents for the aeriform or 
solid materials elaborated below, but at other times are 
unaccompanied with lava streams or scoriae, and appa- 
rently have no vestige of any crater. 

The latter appears to be the case with Chimborazo, 
the highest point of the New World, whilst Cotopaxi, 
the next in point of elevation, has given birth to frequent 
and violent eruptions 

Section 2. 

Other Phenomena referable to volcanic action . 

We have now completed our proposed sketch of the 
distribution of those volcanos, which either are in acti- 
vity at the present time, or, if dormant, have at least left 
such evident (races of th?ir former existence, in Burrocks 
which they have ejected, or the lava currents which they 
have poured forth, that we cannot hesitate in regarding 
their operations, as being of the same nature, and brought 
about under the same external circumstances, us those of 
which we are eye-witnesses. 

Wide indeed us may be the interval, in an historical 
sense, between certuin of these, as, for instance, between 
the latest eruption cveu of the volcanos of Auvergne, and 
the earliest recorded one of Vesuvius ; yet Ujc whole to- 
gether constitutes the same Geological epoch, one in 
which the general features of the country were nearly as 
at present, the climate not materially different, and the 
races eff animals those which are now existing. 

And although the earlier volcanic rocks, found in these 
Countries, were produced ut a period to which these re- 
marks do not apply, one in which lurge fresh-water, and 
in some instances salt-water, lakes occupied what is now 
dry land, when the climate was warmer, and the animals 
in many cuses such as now no longer live in any part of 
the Globe ; yet are these so connected in character and 
position with the more modern products of volcanos 
alluded to, that we need not hesitate, either to refer them 
to the same cause, or to comprehend them in our enu- 
meration. 

The case of the trap rocks is somewhat different ; for 
though few at present contend that they are of aqueous 
origin, all must admit, that if produced by volcanic ac- 
tion, it has been by operations differing in some respects 
from those at present taking place, either in their 
own nature, or in the external circumstances which 
influenced them ; so that in laying the foundation for a 

VOL. VI. 


series of deductions with respect to the nature and 
effects of subterranean fire, where it may be best to throw 
aside every thing of an hypothetical character, and to 
consider only that which is incontestably volcanic, we 
should do wrong in taking into the account these igneous 
productions of uti earlier Age. 

Nevertheless there are certain other phenomena which 
must be contemplated, if we wish to estimate the amount 
of volcanic action in all its different phases. 

Earthquake *. 

The first of these is earthquakes, which may be proved 
on tolerably secure grounds to have, in all cases, a con- 
nection more or less intimate with volcanic agency, and 
ought therefore to be regarded as one of the modes, in 
which these forces manifest their existence over the 
Earth s surface at the present day. 

In some instances, indeed, earthquakes have occurred 
so immediately antecedent upon volcanic eruptions, and 
ure so manifestly derived from the same centre of action, 
that no better proof could be offered to establish an iden- 
tity of origin. 

In other cases, the evidence, though not quite so di- 
rect, is perhaps as cogent as need be required, in order 
to substantiate the point in question. When, for instance, 
we observe two volcanic districts, both subject to earth- 
quakes, which are ascertained, by their coincidence in 
time and other circumstances, to have a connection with 
the volcunic action there going on, and find that an 
intermediate country, in which there arc no traces of the 
operation of fire, is agitated by subterraneous convul- 
sions, similar in kind, but stronger in degree, than those 
occurring in the immediate vicinity of the volcnnos ; have 
we not reason to conclude, that the same action extends 
throughout the whole of the above area, and that it is 
this which produces in the intermediate space the effects 
alluded to, which are often the more violent from the 
absence of any natural outlet, whence the elastic va- 
pours set in motion, which immediately suggest them- 
selves to us as the cause of the convulsions experienced, 
could find a chan rut) of escape? 

Now, in proof of the former of these positions, it may 
be scarcely necessary to do more than to appeal to the 
cusc of Etna and Vesuvius, which rarely return to a 
state of activity after an interval of repose, without some 
antecedent earthquake, the latter usually ceasing, so 
soon as the volcano has once established for itself a vent, 
whereby these elastic vapours can discharge themselves. 
Such was the case before the celebrated eruption of a. o. 
79, in Campania, as well as in that of Etnu in 1537, 
when, says Fazzello, noises were heard and shocks ex- 
perienced over the most distant parts of Sicily. In such 
cases, no one would pretend to doubt the connection 
betweeu the volcano and the earthquake. 

"The second point seems established, by considering 
the tremendous earthquakes which ravage so often Cam- 
pania, and those mentioned by Humboldt as intervening 
between and in the line of the volcanos, of Columbia, 
Quito, and Chili. Von Buch lias shown, in his paper on 
Lanzerote, the comparative immunity enjoyed by Tene* 
riffe from those convulsions of Nature, which agitate the 
neighbouring Islands, destitute of that great chimney or 
safety-valve afforded it by the Peak of Teyde. 

But before we are entitled to appeal to earthquakes, *s 
affording an independent source of evidence with re- 
spect to the existence of volcanic action, it will be neces- 
sary to show, that no other natural cause is likely to 
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Geology. have produced such e fleets* more especially as even 
Ch. III. those who admit their volcanic origin in the above 
cases, have, nevertheless, been disposed to assign to 
them u different origin in others. Such a distinction 
seems to be hinted at by Werner, who acknowledged 
two classes of earthquakes : the first connected with 
u particular volcano, and felt only within a radius 
of some miles from it, and at a period when the latter 
was in a state of activity ; the latter less manifestly re- 
lated to any such cause, being spread over a much 
larger tract of country, and, therefore, as he conceived, 
situated at a much greuter depth. 

Their Phenomena. 

This renders it necessary for us to pass in review the 
phenomena most commonly attendant upon earthquakes, 
in order to ascertain, how far they appear to countenance 
the supposition, that other causes, besides those of a 
volcanic nature, might have contributed to producethem. 

It would greatly confirm such an opinion, if it could 
be shown, that there were any phenomena common in 
one class of volcanos, which were absent from, or un- 
common in* the other; but as no one has attempted 
to make such a distinction, all that remains to be done 
is to consider generally the concomitants or sequelie of 
earthquakes, with a view of ascertaining, how far they 
are reconcilable to any other than a volcanic cause. 

None of these, indeed, can be considered as universal : 
thus in some earthquakes the shock consists in hori- 
zontal wavy motion ; in others in an upward heaving ; 
and in a third class in a vibration backwards and 
forwards. 

There is usually a sort of subterranean noise attending 
them, which* has been compared to thunder, or the rolling 
of artillery, but this is not constantly present ; and on 
the other hand the noise has been heard without any 
concomitant earthquake. A peculiar smell of a sulphure- 
ous nature has been occasionally experienced, and other 
phenomena, such as the bursting out of flames from the 
eurth, the overflowing of wells, llj£ ejection of water 
from fissures formed at the time, are noted in particular 
cases. 

The following may be enumerated as the meteorolo- 
gical phenomena usually coincident with earthquakes. 

Irregularities in the season preceding or following 
the shocks, sudden gusts of wind interrupted by dead 
calms, violent rains at period, where such phenomena 
are unusual or unknown in the country ; a reddening 
of the Suns disk, and a haziness in the air often con- 
tinued for months ; an evolution of electric matter from 
the ground, together with indications of some extraordi- 
nary condition of the atmosphere, evinced both by the 
inferior animals and by man, the former uttering cries 
of distress, and evincing extraordinary alarm, the lattJr 
experiencing a sensation like sea-sickncss or dizziness in 
the head. These phenomena, however, appear to be 
equally common during the continuance of volcanic 
eruptions, as of earthquakes, and indicate in both cases 
the tendency of any great subterranean movement, pro- 
ceeding from whatever cause, to disturb the equilibrium 
of the atmosphere. 

The only other hypotheses, by which earthquakes have 
been accounted for, are, that of Stukeley, who refers 
them to subterranean discharges of electricity, and that 
of Button, who a (tributes them to the falling in of caverns 
existing in the interior of the Globe. 


The arguments that have been from time to time ad- Geology, 
vanced in favour of the electrical theory are vague and Ch. II i. 
inconclusive ; they are drawn from some fanciful anaio 
gies between the noise and shock accompanying light- 
ning, and those which are experienced during an earth- 
quake ; from the extreme rapidity with which the motion 
is propagated, to which the passage of electricity alone is 
comparable; from the electrical state of the atmosphere 
both before and after an earthquake ; and from the sul- 
phureous smell sometimes perceived, which is thought 
to resemble that produced by the electrical spark. 

No one, however, has yet attempted to show, that any 
of the above phenomena are limited to those eurthquakes 
which they are disposed to separate from volcanos, 
neither do they appear by any means incompatible with 
this view of their nature and origin. 

Electrical phenomena are indeed equally common 
during the continuance of volcanic eruptions, produced 
in all probability by the evolution of large quantities of 
steam and other elastic fluids, the decomposition and 
subsequent regeneration of water, and other processes 
which accompany these great operations of Nature. 

The late discoveries, indeed, which have been made 
with regard to the opposite electrical condition of mine- 
ral veins and the rocks containing them, may lead us to 
believe, that much remains to be learned with regard to 
the agency of (his mysterious power in (he interior of 
the Earth ; yet we can hardly believe, that in the solid 
strata of the Globe, consisting, as they do, of conductors, 
the same accumulation of electricity can ever occur, as 
that which produces the phenomena of thunder and 
lightning in the atmosphere. 

With regard to the theory of Buffon, it may be suffi- 
cient to observe, that the existence of cavities in rocks 
can only be supposed to arise from two causes ; some- 
thing connected, either with their original formation, as 
in the case of limestones, or with the convulsions that 
have subsequently affected them. 

Now with regard to the first, it is highly improbable, 
that any great spontaneous sinking of hollows, that have 
existed for so long a period, should take place in the pre- 
sent day ; and with respect to the second, the very exist- 
ence of such hollows implies the previous exertion of 
volcanic agency, for we know of no other cause in nature, 
competent to heave up rocks in the maimer necessary to 
produce su£it cavities. 

Besides, although the sudden falling in of a cavity 
might produce a shock extending over a considerable 
area, yet there is no reason, why it should spread*in one 
direction more than in another. * 

In truth, however, the chief difficulty, which prevented 
our predecessors from acting in this instance on the 
sound maxim in philosophy* of not assuming more 
causes for natural effects than were necessary for explain- 
ing the phenomena, has been removed by the progress 
of modern discovery, which, by increasing our knowledge 
of volcanos, has convinced us, that whilst their manifest 
distribution is far more extended than we had once sup- 
posed, the probable indications of their former agency 
are to be met with, in almost every part of the Globe 
where earthquakes have been experienced. 

This, of course, renders it more easy to refer earth- 
quakes in general to some focus or other of volcanic 
operations ; especially if we assume, what in itself is 
highly probable, that the eruptions of burning moun- 
tains are only the extreme manifestations of a cause ge- 
nerally diffused throughout Nature, and that the minor 
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Geology indications of the same may therefore be looked for, 
Ch. 111. where these mightier ones are unknown. 

1 1 has, indeed, been sometimes alleged, that from the 
wide extent over which the shock of an earthquake is 
sometimes diffused, the immediate seat of the action 
must be at a depth incalculably greater, than that which 
we are disposed to assign, either to volcanos, or any 
other natural force ; and Dr. Stukeley has undertaken 
Id overthrow the voleauie hypothesis by a sort of reduc- 
tio ad absurdum derived from a calculation of this kind ; 
showing, that as the earthquake which occurred in Asia 
Minor in a. d. 17 extended over a diameter of 300 
miles, it must have proceeded from a point 200 miles 
beneath the surface. The superficial extent, however, 
of earthquakes need uot create a difficulty in the present 
day, when we are aware of the vast distances to which 
sound and other vibratory motions may be propagated 
along the substance of solid bodies, and are therefore at 
liberty to consider the minor effects of an earthquake, to 
be merely the undulations of the principal shock, propa- 
gated laterally through the strata of the Earth. 

Gay Lussac observes, that the shock produced by the 
head of a pin at one of the ends of a long beam is dis- 
tinctly transmitted to the other extremity, and thence 
infers the vast distances, to which that communicated by 
elastic vapours, suddenly generated, and struggling for 
escape, might be expected to extend. 

This consideration, whilst it renders us cautious as to 
inferring the existence of volcanic uction in every spot 
where earthquakes are experienced, will enable us to 
reconcile their phenomena with the more moderate depth, 
which we are induced from other reasons to assign to 
volcanos themselves. 

Upon the whole, then, we are disposed to regard 
earthquakes as exclusively of volcanic origin, and con- 
sequently to appeal to them, as indicating, in the parts 
where they manifest themselves in their greatest intensity, 
the operation of subterranean fire, regarding the minor 
shucks as mere undulations of the strata, occasioned by 
the primary impulse communicated. 

Thermal Water*. 

Another class of phenomena, which, like earthquakes, 
are manifestly connected with volcanos in some instances, 
but may appear of doubtful origin in offers, are hot 
springs ; but we confidently expect, that a brief review 
of the nature of their contents, of the situations in which 
they are found* and of other circumstances belonging 
to th£m, will lead to the same conclusion, to which we 
arrived in the former instance. 

The solid contents of thermal waters, being obviously 
derived in most instances from the rocks through which 
they have percolated, afford little either to confirm or to 
refute this opinion ; but the gases which accompany 
them are plainly to be traced to the immediate source of 
the heat, and are given off by the processes to which 
the latter must be referred. 

The Gases given out by them . 

Now if it should appear, that the same aeriform fluids 
are evolved from hot springs, which appear to be emit- 
ted by volcanos, a presumption will arise highly favour- 
able to an identity iu their respective origins, which will 
obtain a greater degree of force, in proportion as the 
gases are generated less commonly by other natural 
processes. 


TIiub sulphuretted hydrogen is an ordinary nccompa- Geology, 
niment both of volcanos and of thermal waters; but the ID. 
argument drawn from its presence is weak, because the " 
same gas often occurs in springs possessing only the 
medium temperature, as the effect of processes totally un- 
connected with volcanic operations. 

The same remark applies to the carbonic acid so fre- 
quently present in springs, in a proportion exceeding that 
in which it would be imparted to them by the atmo- 
sphere. 

Its frequent connection with volcanos is unquestion- 
able, for there are scarcely any, that do not evolve it, 
either alone, or through the medium of the springs con- 
tiguous ; but as any cause, which was adequate to impart 
heat to the water, might, equally produce an evolution 
of curbonic acid from calcareous and oilier rocks which 
contained this ingredient, the proof in the above instance 
is not stronger than it would be without it. 

Jitit there is a third description of air evolved from 
springs, the presence of which scenis better calculated to 
establish their connection with volcanos, since, unlike the 
first, it is disengaged in u state of purity by no other 
known process going on in the interior of the Globe, 
and unlike the latter, cannot be accounted for, in many 
instances at least, by the mere action of bent on any of 
the constituents of the surrounding rock formations. 

The gas alluded to is nitrogen, which was detected by 
Sir H. Davy in the white vapour given olf by Vesuvius 
after its eruption in 1819, mixed with only liulf its usual 
quantity of oxygen, and by his brother Dr. John Davy 
in one sample of gas which he collected near the new 
volcanic Island olF Sicily. Its existence, however, in vol- 
canos is more fully substantiated by the amnuiniacal 
salts copiously evolved by many of them ; and it is 
given olf from springs, which so manifestly derive 
their temperature from their contiguity to the latter, 
that we can scarcely help plucing this gas amongst the 
commonest products of volcanos, during the more lan- 
guid conditions of their action. Thus it has Ihhmi ob- 
served by a recent chemist, proceeding iu large quan- 
tities from asprinuial Castellamare, in the Hay ol Naples ; 
by Professor Daflmiy, mixed with a predominant por 
tion of carbonic acid, in the hot springs of Mont. Dor uud 
Bourboule in Auvergne, and in those of Chaudesaigues 
in Cuntal ; and by M. Lnngchainp at Vichy: all places, 
be it observed, so connected with the extinct volcanos of 
Auvergne, that the heat of the springs must, in these in- 
stances at least, be referred to a volcanic source. 

Now the gus evolved from the thermal waters of the 
Alps, however distant they may be from volcanos in 
action during the present condition of the surface, seems 
to be generally of the same description ; the carbonic 
acid, which may probably have uccompauicd it, being in 
these cases absorbed by the water through which it hud 
to pass. 

Thus Professor Daubeny discovered it on the Savoy 
side of that chain, issuing in large quantities from the 
spring of St. Gervais ; and on the Italian side, from 
those of S&inte Marguerite at Cormayeur, of St. Didier 
in the same valley, and of Boiincval in the Tarantuise, 
half-way between the Bourg St. Maurice and the C'ol 
de Bonhomme. In only one of these springs did car- 
bonic acid appear to be present, and in this cusc it 
amounted to about 12 ner cent, of the whole quantity 
emitted. 

Dr. Urc also mentions his having detected azote 
issuing in a state of purity from the baths of Loueche in 
5 c 2 
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Swissorland. In this Country, the same gas has long 
ago been detected in the thermal waters of Bath and 
Buxton ; and mure recently it has been found by Professor 
Daubeny in those of Bakewell and Stoney Middleton in 
Derbyshire, and that of Taafe’s Well in South Wales. 

In other portions of the Globe the same gas has been 
noticed in the thermal waters there met with. Thus I>r. 
Davy detected it in a state of absolute purity issuing 
from certain warm springs near Trincomalee in Ceylon, 
and Boussingault and Rivero in certain ones occurring 
in the primitive chain of the Cordilleras in Venezuela. 
{Annates dr Chimie, vol. xxiii.) It is remarkable, how- 
ever, that M. Boussingault lias since examined certain 
hot springs in immediate connection with the volcanos of 
Equinoctial America, and finds them to give out no azote. 

The quant ity of this gas emitted in a given time is 
often very remarkable ; but the only attempt to obtain a 
correct estimate of its amount, with which we ore ac- 
quainted, is that by Professor Daubeny, with respect to 
the thermal waters of Bath, detailed in a Memoir read 
before the Royal Society in December, 1833. 

It appears, from an average of twenty-four obser- 
vations made on different days of September and Oc- 
tober in that year, that the quantity of gas emitted per 
minute from the King’s bath alone was 267 cubic 
inches, or about 222 cubic feet in the twenty-four hours. 
This consisted of about 97 per cent, of nitrogen, and 3 
per cent, of oxygen. There was also found a quantity 
of carbonic acid, varying from 4 J to 13 per cent. 

* The quantity of gas emitted differed a little from day 
to day, but the variation did not appear to depend upon 
the stale of the barometer or other atmospheric changes. 

Thermal Waters. — Their Situation. 

The situation of many hot springs tends also strongly 
to confirm their relation to earthquakes and other phy- 
sical convulsions, thus connecting them with the same 
series of natural phenomena. 

Where not placed in the vicinity of active or extinct 
volcanos, (which is the case with tWgrcuter number,) 
some evidence of violence, some reTOing or dislocation 
of the contiguous rocks, may often be perceived. Thus 
they abound near the base of certain chains of moun- 
tains, which, in their highly inclined strata, give evi- 
dence of having been heaved upwards, but are compa- 
ratively rare in the low country, at a distance from those 
great centres of elevation, where the nature and position 
of the rocks indicate no changes, excepting those which 
may have been brought about, either by the sudden and 
violent, or the slow and continued, action of wutcr. 

If, as in England, thermal waters also occur at a 
distance from any of the great systems of elevation 
alluded to, it will generally be found, that the spots 
themselves exhibit proofs of violent, though more local, 
convulsions having, at some period or other, taken place 
in their vicinity. 

For instances of this kind, derived from other Coun- 
tries, we may refer to Professor Daubcny’s Memoir on 
Thermal Waters ;* on the present occasion, want of space 
compels us to confine ourselves, to one or two facts 
drawn from the Geology of England. 

Thus the defile, from which issues the tepid spring of 
St. Vincent's Rocks, near Clifton, is considered by the 
best observers us the result of some internal derangc- 


* Edinburgh New Philosophical Journal t Oct. 1831. 


ment of the strata, brought about by disturbing causes 
of great antiquity ; and in like manner, the similar gorge 
at Matlock, out of which its tepid springs issue, is 
associated with a great dislocation of the strata, attri- 
butable to their having been tilted upwards at an high 
angle to the West.* 

The same fault has been traced by Mr. Farey as far as 
Buxton, and from thence to the villages of North 
Bradwell and Stoney Middleton, in all which places 
have been noticed springs, possessing a temperature more 
or less elevated above the medium point of that climate. 

We must not, indeed, expect to meet with the same 
direct evidence, in the case of every hot spring that 
comes under onr examination. At Bath, we know of 
no dislocations in the strata posterior to the age of 
the coal and mountain limestone, and it would, per- 
haps, be rash to connect these with the cause of the 
thermal waters there existing. Nevertheless, when wc 
consider, in how very large a proportion of cases some 
indication of an igneous character may be traced, the 
absence of proof in the few remaining ones may, per- 
haps, be fairly referred to the imperfection of our know- 
ledge. 

The volcanic nature of thermal waters is likewise 
confirmed, by the relation which seems to subsist in 
general between the elevation of their temperature, and 
the date, which wc should be induced from other con- 
siderations to ussigii, to the latest manifestations of vol- 
canic agency ill the country. 

Thus, those which make the nearest approach to the 
boiling point of water, are uniformly found amongst 
volcanos now in action ; next in the order of tempera- 
ture arc those associated with volcanos, which, though 
now extinct, appear to have existed at a period. Geo- 
logically speaking, recent, that is, at a time when the 
great features of the country were nearly as at present ; 
whilst the springs, which gush out at the foot, or in the 
midst, of uplifted chains of mountains, at a distance front 
those rocks which are generally regarded as volcanic, 
never possess a temperature so elevated, as the two pre- 
ceding classes of thermal waters sometimes attain to. 

Now, if these latter were really produced by other 
causes than volcanos, it docs not seem intelligible, why 
they should, in all cases, observe that lower degree of 
heat, which [pdicates, either a cause of less intensity, or 
one whose effects have been moderated by a longer in- 
tervening space of time. 

Lastly, the other solutions of the heat of springs 
appear on examination totally inadequate to account for 
their phenomena. In the case of the Bath waters, indeed, 
the warmth has been attributed to the decomposition 
of pyrites, in which the lias clay, from whence it issues, 
abounds ; but to this it may be objected, that the same 
stratum, though equally charged throughout with this 
mineral, nowhere else throws out springs possessing 
more than the medium temperature ; and yet, the sul- 
phuretted hydrogen, which the latter so frequently con- 
tain, shows a decomposition of pyrites to be going on 
in several other places. Besides, it is remarkable, that 
thermal waters, far from being impregnated with those 
saline ingredients, which would naturally enter into 


* A striking instance of the same kind, taken from the Pyrenees, 
is exhibited in pi. v. fig. 8. at a place called St. Paul de Fenouil- 
hades, Dcp. des Pyr£n6es Orientates. We there see a thermal 
spring gush out from a narrow gorge in an elsewhere continuous line 
of hills, the strata of which lose their horisontality and sink abruptly 
on both sides towards the fissure. 
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Geology, their constitution, if they were caused by the heat gene- 
Ch. III. rated in consequence of such chemical processes taking 
place in the interior of the Earth, are, oil the contrary, 
in the great majority of instances, remarkably free from 
foreign matter. Thus the Bath waters contain not a 
particle of the sulphuretted hydrogen, or sulphate of 
iron, which would have arisen from the decomposition 
of pyrites ; and the mineral contents of those connected 
with primitive chains, such as the Alps or Pyrenees, 
although obviously referable to the action of water, 
assisted by heat and pressure, upon felspathic rocks, are 
far from suggesting any distinct chemical operation, by 
which this heat could have been elicited. 

Upon the whole, without pretending, that the evi- 
dence in the case of thermal waters is so conclusive as 
in that of earthquakes, or denying, that there may be 
instances, in which springs have acquired an extraordi- 
nary temperature from local causes of a different kind, 
we hold, that their existence affords a strong indication 
of subterranean processes similar to those, which, on a 
more extended scale, gave rise to earthquakes, especially 
wherever we observe such a continuous and connected 
range of them to occur, as that which we find encir- 
cling the base of particular chains of primitive mountains, 
or associated with certain leading systems of elevation. 

Evolution of Carbonic Acid . 

There is yet another natural phenomenon closely 
connected with the subject of thermal waters, which 
remains to be considered — we mean the evolution of 
carbonic acid from the interior of the Earth, either alone, 
or accompanying certain springs. 

The relation of this to volcanic processes may be 
established by a similar line of argument to that we 
have pursued in the former instance, namely, by pointing 
out its frequent occurrence, in conjunction with thermal 
waters, and in situations which have undergone certain 
physical convulsions. 

Thus the same country, which throws out warm 
springs at a low level, and at a point more contiguous 
to the supposed focus of the volcanic action, affords cold 
carbonated ones at a higher level, or at a point more 
remote. The hot springs of Ems and Wiesbaden, for 
instance, arc found near the base of the Taunus moun- 
tains, whilst the cold effervescing ones of«Schwalbach 
and Fachingen occur higher up in the same chain; 
thus, too, the same district which gives rise to the ther- 
mal waters of Aix la Chapellc, furnishes the chalybcates 
of Spa near the summit of the hills above. The con- 
nection of carbonated springs with faults may be ob- 
served in Derbyshire and Yorkshire, but it has been 
more satisfactorily traced in Germany, where they have 
been found to issue from what have been termed circular 
valleys of elevation ; that is to say, valleys which are, or 
appear at one time to have been, enclosed by escarp- 
ments, the strata dipping away in all directions from the 
centre towards the circumference. Several valleys in 
Westphalia exhibit this remarkable structure, and none 
more strikingly than that, in which the cold chalybeate 
of Pyrmont is situated. In this instance the rocks are 
composed of the variegated sandstone, the muschelkalk 
limestone, and the keuper, which are seen overlapping 
in the hills bounding the valley, but dipping in opposite 
directions on opposite sides of it, so aB to present every 
where escarpments fronting each other. (Sec pi. v. fig. 
7.) From the bottom of the valley carbonic acid is 


constantly issuing in large quantities, impregnating Geo 
the springs of water, und accumulating in dry pits and C*i. 
caverns. The valley of Dr) burg, and other spots in 
the same country, noted for the occurrence of cold car* 
bonated springs, exhibit a similar conformation in their 
strata. 

Rullman, in his description of Wiesbaden, remarks, 
that in the neighbourhood of the carbonated springs 
which so abound in the Duchy of Nassau, the rocks arc 
subject to remarkable changes in their dips, to saddle- 
shaped stratification, and to fractures. The character 
of the rock is also frequently more friable near the 
mineral springs. 

Professor Buckland, in his Memoir on Valleys of F.le- 
vation, published in the Transactions of the G 'tulu»ical 
Society , had previously pointed out the occurrence of 
such valleys in England ; and it may be wortli remark- 
ing, though as an isolated fact, perhaps, not of much 
weight, that the most important of our chalybcates, tliut 
of Tunbridge, is found in this kind of situation. 

Now the relative position of the strutn in these valleys 
just as obviously suggests the idea of their having Ihjcii 
affected by some convulsion of Nature, as the highly 
inclined rooks of Alpine Countries ; and it is impossible 
to conceive, either that they could have been deposited 
in the first insluuce at so high an angle, and with such 
a variety of dips, or that there should have been such 
a coincidence between the elevation of their escarpments 
on the opposite sides of the valley, if the beds had not 
once been in continuity. 

It may be inquired, whether even those accumulations 
of carbonic acid, which take place so frequently in 
neglected mines and wells, and which have imposed 
the necessary precaution of letting down a light before 
we venture to descend into them, may not he owing to 
a slow evolution of this gas from fissures beneath, in 
which case a volcanic uction may be assigned, as, at 
least, its most probable cause ; the law of the rapid dif- 
fusion of all gases through the atmosphere precludes 
the possibility of attributing it to a mere separation of 
carbonic acid, in consequence of its greater specific 
gravity, from the mher constituents of the atmosphere ; 
and the same cause would quickly dissipate it, even if it 
were given out by the decomposition of organic matters. 

Nevertheless, before we allow ourselves to adopt this 
opinion, it will be necessary to ascertain, first, whether 
in these cases any local causes for the production of 
carbonic acid exist; und, secondly, whether its further 
generation might, in these cases, be prevented by 
covering the bottom and sides of the pit with some 
coating impermeable to air. 

Mud Volcanos or Salses. 

With regard to those emanations of gas and vapour, 
which occur in certain Countries, accompanied with 
eruptions of mud and petroleum, wc must withhold 
our assent to the vulgar opinion, which attributes them 
to volcanic action, as the name of mud volcanos, by 
which they are usually designated, seems to imply. 

That they arc often connected with them, wc arc not, 
indeed, disposed to deny, hut they appear to be so only 
in the relation of an effect, produced by the presence of 
inflammable materials, brought together by the opera- 
tions of some pre-existing volcano. 

That the process itself is distinct from that which 
takes place in the latter, is evident, from considering that 
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(svolojry. in every case in which it has been exumitied, the seat of 

Ch. 111. ihe action is found to be quite superficial, and to reside 
in a stratum of very recent origin, known to be strongly 
impregnated with sulphur and petroleum. Such is the 
case at Macaluba near Oirgenti, in Sicily, where the 
mud volcanos, as they are called, lie quite detached from 
the true volcanic phenomena of Etna or of the Val di 
Nolo, and seem manifestly dependent on the combustion 
of the sulphur, which exists in the rock in such quanti- 
ties as to supply all Europe will) that material. 

The same is likewise the case with the “Salses," or 
mud volcanos of Modena, which lie at a distance from 
every genuine burning mouutain ; and, according to 
Humboldt, with those of New Andalusia and the Island 
of Trinidad. The phenomena exhibited by those in 
Sicily, and amongst the Subapennine Hills, arc in 
general of a very insignificant kind, consisting of a mere 
evolution of water mixed with mud and bitumen in con- 
sequence of the disengagement of gas, apparently con- 
sisting of carbonic acid and carburetted hydrogen, from 
little circular orifices on the summit of the hill. Ordinarily, 
nothing but a bubbling up of gas from the interior of 
these craters is to be observed ; but it is said, that there 
are times, at which the process has been known to goon 
with considerable energy, for the mud has been thrown 
up in Sicily to the height of 200 feet, accompanied with 
a strong odour of sulphur. 

In the little Island of Taman, which connects the 
chain of mountains traversing the Peninsula of Crimea 
with the Asiatic Continent, the process in question seems 
to be proceeding on a more extensive scale. Pallas 
represents occasional eruptions as taking place from 
certain crevices in the rocks of this Island, which began 
with a thick smoke, followed by a column of flame fifty 
feet in height, which continued in one instance for eight 
hours and a half incessantly, during which lime streams 
of mud flowed in all directions, but no lava or altered 
musses of stone were ejected. The accounts given by 
Mr. Hcber, in his Manuscript Journal attached to Dr. 
Clarke’s Travels , fully confirm this view, and render it 
highly probable, that the phenomenon is altogether ana- 
logous to that of Macaluba in Sicily, and of the Salses 
near Modena. 

Assuming, therefore, these latter as the best types we 
possess of mud volcanos, and reasoning from them to 
the rest, it will probably appear, that all the phenomena 
they exhibit will admit of explanation from the mutual 
uction of certain substances, originally accumulated in 
submarine solfataras by antecedent volcanic processes, 
the result of which would be the extrication of carbonic 
acid, and of an inflammable gas arising from the slow 
distillation of bituminous matters, together with the rise 
of water, through the channels originally established by 
the gases discharging themselves upwards. That vol- 
canic action is not necessarily the cause, is shown by 
finding a similar phenomenon described as occurring in 
the Western States of Ohio, where it seems quite un- 
connected with any such cause. 

In this spot the salt springs, which so abound, are 
found to be constantly giving rise to an evolution of 
carburetted hydrogen gas, accompanied with much pe- 
troleum. -The jets of gas are sometimes so forcible, as 
to throw the water entirely out of the spring. 

There seems, therefore, no necessary connection be- 
tween such phenomena and our present subject, and their 
more frequent occurrence in rocks which lie in the neigh- 
bourhood of volcanos may be readily accounted for, by 


the tendency of the latter to bring together materials Geology, 
proper for currying on such operations. Ch. HI. 

Emanations of Inflammable Gas . 

Still less are we disposed to attribute to a volcanic 
cause the emanations ot inflammable gas, which are oc- 
casionally seen issuing from the crevices of rocks, in a 
continued, and, according to our limited notions of time, 
an unfailing current. 

The evolution of carburetted hydrogen from the cracks 
and crevices of coal mines, enables us to conceive, by 
what natural processes such a phenomenon may be ac- 
counted for, and the recent discoveries, with respect to 
the liquefaction of the gases, render the regular and last- 
ing discharge of such a stream of elastic matter more 
intelligible. Now the phenomenon in question, when 
divested of the marvellous, reduces itself simply to this, for 
it is a mistake to imagine, that the flame is self-kindled, 
at least in the instances that have becu well examined, 
although, when the gas is once set on fire, the supply is 
sufficiently regular to keep up a continued combustion. 

The most noted instances of this phenomenon are at 
the Pietra Mala, on the summit of the Apennines, be- 
tween Bologna and Florence ; at a place called St. Bar- 
thelemi, near Grenoble ;* and in the Chimariot mountains 
in Albania, where it is probable that it has continued 
for the last 2000 yeurs, lor many ancient writers speak 
of a Nytnphcum on the coast of modern Albania, near 
Apollonia, celebrated for the flames that rose continually 
from it, and Dodwell's authority establishes the exist- 
ence of the same at the present day in that country. 

It is probable, that the phenomena which occur at 
Baku on the Western side of the Caspian, where the 
soil is strongly impregnated with petroleum, are con- 
nected with these last- mentioned causes, rather than 
with those of genuine volcanos. 

There is indeed a report given of an eruption, which 
took place in that Province in the year 1827, but from 
the description it would seem to amount to nothing 
more, than a combustion of bituminous matters ou a 
larger scale than usual. It is said, that a vast column 
of fire rose to an extraordinary height, maintaining itself 
at the same for three hours, after which it gradually di* 
minished to twenty inches ; the fire extended itself over 
a tract of ground 1300 by 1900 feet in diameter. At 
the time of Sthe first eruption red-hot stones and volumes 
of water were ejected. No appearance of a crater was 
to be perceived, but the spot, whence the column of flame 
rose, was elevated about two feet above the general level 
of the plain. The surrounding* tract resembles a 
ploughed field, and is covered with a variety of anoma- 
lous products of heat. There are, however, no ejec- 
tions of water, nor any of those sulphureous exhalations, 
which are commonly met with in such cases, as at Maca- 
luba, and in the other so called mud volcanos. 

Section 3. 

Theories of Volcanic Operations considered . 

The phenomena, therefore, to which we feel warranted 
in appealing, as indications of igneous action going on 

* The writer of this Article visited this spot in 1830, and found 
that the flame rekindled when merely blown out, but that it could 
be extinguished by throwing water over it several successive times. 

The gan was collected and burnt, and water and carbonic acid weft 
the results. * 
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Geology, in the interior of the Globe, are those of volcanos, earth- 
t'*h. 111. quakes, thermal waters, and emissions of carbonic acid 
gus ; and in order to estimate the amount of the chunges 
that may have been brought about on the crust of the 
Earth by their united operation, it will be necessary to 
inquire with respect to the probable cause of these internal 
commotions, as a clew not only to guide us concerning 
their present action, but likewise as to the probability of 
their more or less extended influence in periods that 
have goue by. 

The theories which have been propounded, with the 
view of accounting for the existence of volcanic action, 
may be divided into two classes ; those which assume 
some chemical process, of which the heat is merely an 
effect, and those which, assuming the existence of the 
heat, deduce the other phenomena from its presence. 

In the former, in short, the heat is one of the effects ; in 
the second, it is the cause of all the phenomena observed. 

The theories, however, which belong to the former 
of these classes, though agreeing in this one particular, 
that of imagining combustion of some kind to have 
caused the heat, differ widely as to the material which 
excited it ; coal, petroleum, and sulphur, having all at 
times been assumed as the main agent concerned in the 
Process. 

But these substances have been shown, not only to be in 
themselves totally inadequate to explain the phenomena, 
but to be productive, when set on fire, of a train of 
effects altogether different from those of genuine vol- 
canos ; witness those arising from the accidental burning 
of coal mines in many parts of Great Britain, of masses 
of petroleum, as at Baku, or of sulphur and bituminous 
matters, as at Macaluba. 

Accordingly it is now generally admitted, that no pro- 
cesses going on near the surface are calculated to pro- 
duce the phenomena of volcanos ; and thutifthe latter 
arise from combustion, the materials which occasion it 
must, in part at least, he of a different description from 
the combustibles which exist in » natural state within 
tlie sphere of our observation, since in order to consume 
oxygen without substituting for it a corresponding 
amount of some gaseous oxide, the products must be 
of a fixed nature, which is not the case in our artificial 
fires. 

Recent discoveries have, however, convinced us, that 
the whole of the crust of the Earth contains principles, 
which in their uncombined stale are in a high degree 
inflammable, and which, for this very reason, never 
occur #to us, except in union with oxygen. Such are 
the alkalies and earths, which Sir II. Davy has shown 
each to contain a metallic basis, a body capable of 
abstracting oxygen, both from common air and from 
water, and giving rise at the time to a sufficient extri- 
cation of light and heat, to constitute a case of genuine 
combustion. There must have been a time, therefore, 
when these substances existed uncombined with oxygen 
even on the surface, and there is no reason to deny, 
that the process of oxygenation may still be incomplete 
at those vast depths, when air and water are admitted 
but slowly, or at distant intervals. 

There seems therefore no d priori absurdity in imagin- 
ing, that volcanic action may consist in a process of 
oxygenation, caused, in part at least, by the presence of 
these substances, and all that seems necessary, is to 
ascertain, how far the known phenomena accord with 
such an hypothesis. 

The other class of theories, which assumes the high 
temperature, and then deduces from it the phenomena, 


seems at first sight to have an advantage over the pro- Gaotogy. 
ceding one, inasmuch as the existence of an internal heat Uh. III. 
may be suid to he in a manner ascertained, whilst that ' 
of the alkaline and earthy metalloids, uncombined with 
oxygen, is almost only probable; and accordingly ninny 
have been induced to prefer this mode of accounting 
for the phenomena, as less hypothetical and requiring 
fewer postulates. 

They forget, however, that the existence of un internal 
heat is assumed alike on either supposition, and that the 
true point of dispute is, whether it cun best he explained 
by the presence of a melted or ignited muss in the in- 
terior of the Glohe, or by a process of oxygenation 
going on in its constituents. 

Now the only distinct argument in favour of the in- 
ternal fluidity of the Globe, is deduced from its figure, 
which has been proved to be that of an oblate spheroid ; 
a form, it is contended, which could not have been im- 
parted to it, hud it not been originally in a liquid state, 
and from thence the advocates of the ubovc hypothesis 
conceive themselves at liberty to infer that it is so nt 
present. 

Neither of these propositions, however, can be re- 
garded as demonstrated. Sir J. F. Herscliel has shown, 
in his Treatise on Astronomy , that the oblate figure 
of the Globe may only have arisen from its long con- 
tinued rotation, this being the point to which, under this 
condition, it must tend, and which it would ultimately 
attain, even as its surface is at present constituted. 

Neither, if we grant the Earth to have been originally 
fluid, is there any direct proof, that it must have con- 
tinued so till the present time ; for the increased temper- 
ature observed at the slight depths to which man luis 
penetrated below the surface, only proves, that the tem- 
perature of the crust is higher than that of its superficies, 
not that it is considerable enough to retain the substances 
of which the interior is made up in a state of fusion. 

The proper mode, however, of considering the ques- 
tion seems to be, not to lose ourselves in conjectures, as 
to whut may by possibility be the condition of the Globe 
at inaccessible depths, but to pass in review the actual 
phenomena of volcanos, and see, whether we can best de- 
duce them, from the mere effects of the protrusion of a 
melted mass of matter, or from a process of combustion, 
originating in materials which may still exist in an un- 
oxidized state below. 

In order, however, to determine this, it will he neces- 
sary to cousider at some length, first, the geographical 
situation of volcanos ; secondly, the character of the 
substances evolved by them in a gaseous state, and of 
the products resulting ; and thirdly, that of the lavns and 
other matters ejected in a solid or liquid condition : from 
whence we shall be led to exumine, the depth at which 
volcanic action is seated, and lastly, the tnodc in which 
the mountains, are built up of materials before considered. 

Geographical Distribution of Volcanos . 

Volcanos are said by Von Buch, either to occur scat- 
tered at certain distances along particular lines of country, 
or else to be united in clusters around some common centre. 

The former he calls linear, the latter central volca- 
nos ; and whilst he regards the linear, as being in general 
produced in the direction of the fissures caused by (he 
igneous operations of a former period, over which the 
primary ranges of mountains have been lipheaved, he 
considers the central, as taking place in all kinds of posi- 
tions over the Earth's surface, however much detached 
they may be from any of those leading systems of eleva- 
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tion, wherever the force which has been set in motion 
by volcanic agency is able to overcome the resistance 
opposed by the superincumbent rocks. In the former case 
the direction taken by the volcanic forces is determined 
by the previous configuration of the country ; in the 
latter it tukes place without reference to the nature of the 
pre-existing rocks. 

It muy, perhaps, be doubted, whether eveii the central 
volcanos enumerated by Von Buch, may not in some 
instances at least admit of being referred to some com- 
mon system ; but there can be no question, that the law 
which he has laid down with regard to the tendency of 
volcanos to burst forth in certain lines of country rather 
than in others, holds good very generally, and that 
many such groups may be enumerated ; such as, that 
already pointed out as extending across the Greek Is- 
lands ; (see pi. vi. fig. 5;) that stretching across Mexico , 
(pi. vi. fig. 3 ;) und still more remarkably the one, which, 
beginningat Barren Island, in the Buy of Bengal, may 
be traced along the Islands of Sumatra and Java, thence 
to the Philippines, and perhaps even to the Kurule 
Islands and to Kamtschatka. (See pi. vi. fig. 4.) The 
linear direction, therefore, of certain volcanic formations 
cannot be doubted ; and the only question is, whether it 
prevails universally, or characterises, as Von Buch con- 
ceives, one particular class only of burning mountains. 

Proximity to the Sea. 

Another remarkable feature in the distribution of vol- 
cunos is their proximity to the sea; ill proof of which it 
may be sufficient to remark, that out of a catalogue 
of no less than 163 active vents enumerated by M. 
Arago as occurring in various parts of the known World, 
all, excepting two or three in different parts of America, 
and about the same number, of which we possess very 
imperfect information, in Central Asia, arc within a short 
distance at least of the Ocean. 

It is even found, that the very excepted cases, when ex- 
amined, tend to confirm the rule ; being so situated, that 
their connection, either with the Oceau, or with inland 
seas that may supply its place, becomes a matter of fair 
inference. In proof of this we need only refer to the de- 
scriptions we have already given of Jnrullo ; from which 
it appears, that distant as this mountain maybe both from 
the Atlantic and Pacific Oceans, it is nevertheless con- 
nected with one or both through the medium of a chain of 
voleauie eminences; (see pi. vi. fig. 3 ;) and even the vol- 
canos of Tartary, whose existence in an active condition 
is more problematical, may be connected with some of 
those extensive salt lakes, which seem to abound in the 
depressed portion of Central Asia. 

Thus even those few cases, which may be brought 
forward as exceptions to the general rule, appear, when 
examined, to enter into it, so far as relutes to the proba- 
ble connection they denote with deep seas or lakes ; 
whilst the occurrence of by far the majority of active 
volcanos in Islands and maritime tracts, and their entire 
absence from many extensive Continents, may convince 
us, that the processes are at least greatly promoted by 
such a position, and in their intensity bear a certain re- 
lation to the more or less ready access to them of water. 

And, although extinct volcanos seem by no means 
confined to the neighbourhood of the present seas, being 
scattered often over the most inland portions of our 
existing Continents ; yet it will appear, that at the time 
at which they were in an active stale, the greater part 
were in the. neighbourhood of those extensive salt or fresh- 


water lakes, which existed at that period over much of 
what is now dry land. Instead, therefore, of these being 
brought forward as exceptions to the generality of the 
rule, the cessation of such action, now that the water has 
left their neighbourhood, seems to furnish a confirmation 
of its truth. 
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Aeriform fluid* evolved. 

We have next to consider the ordinary products of 
volcanic operations, and shall begin by noticing the 
aeriform fluids evolved, regarding them as in a manner 
the prime movers of the effects we witness, the agents, 
by whose mighty power are propelled from the bowels 
of the Earth those solid matters, afterwards tube described, 
which, settling round the brim of the orifice from which 
they found an issue, grow at length into the form and 
dimensions of an ordinary crater of eruptiou. 

During the active condition of a volcano, the aeriform 
fluid most copiously emitted probably is steam, which 
manifests itself in those while vapours which usually 
proceed from the crater during an eruption, and may 
assist in producing by its condensation the heavy rains 
which frequently succeed it, though we are more disposed 
to attribute these to the disturbance in the electricity of 
the atmosphere, which is evinced by the vivid lightning 
commonly observed during a volcanic eruption.* 

Steam is ulso emitted, sometimes for agvs together, 
from fissures called “sUifas,” on the flanks of many 
extinct as well as active volcanos ; thus supplying us with 
a confirmation of the dependence of volcanic phenomena 
upon the presence of water. 

The permanently elastic fluids commonly given out 
arc, muriatic acid, sulphuretted hydrogen, sulphurous 
acid, carbonic acid, and nitrogen. 

Of these the first, muriatic acid, seems to be generated 
during* almost all the phases of volcanic action; for 
although some have attempted to establish a class of 
volcanos to which the production of muriatic ucid was 
peculiar, yet it would seem that there were none from 
which this gas is not iu greater or less quantity disen* 
gaged. 

Thus it has not only been detected by Sir H. Davy, 
issuing from the flanks of Vesuvius soon after the erup- 
tion of 181 5, but likewise from the same mountain whilst 
in a more quiescent condition in 1824. 

It was also found by Professor Daubeny, in the va- 
pours given off round the crater of the Island of Volcano, 
round that of Etna whilst dormant, and in that of the 
Solfatara of Puzzuoli ; it has been discovered also In the 
volcanos of Iceland ; iuthoee of Java.'at Mount Id ienne ; 
and of South America, at Purace, accompanied in both 
these latter coses with a predominant proportion of sul- 
phuric acid ; nay, it has even been found in an uncombined 
state pervading the trachytic rock of the Puy di Sarcouy 
in Auvergne. Of the gaseous compounds of sulphur, one, 
the sulphurous acid, appears to be predominant chiefly 
in volcanos possessing a certain degree of activity, whilst 
the other, sulphetggtted hydrogen, seems to be emitted 
for the most part when they are in a dormant condition. 


• Sir H. Davy, in his Memoir on Vesuvine, remarks that it was 
easy, even at a great distance, to distinguish between the steam 
disengaged by one of the craters, and the earthy matter thrown up 
by the other. The steam appeared white in the day, end formed 
perfectly white clouds, which reflected the morning and evening 
I if lit of the purest tints of red and orange. The earthy matter 
always appeared as a black, smoke, forming dark clouds, and in the « 

uight it was highly luminous at the moment of the explosion. 
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Geology. Thus sulphurous acid is given off in large quantities 
Ch. III. (h e craters of Etna and Vesuvius, and even from 
/ that of Volcano in the Lipari group, whilst sulphuretted 
hydrogen is observed at the Solfatara of Puzzuoli, on 
the skirts of Etna near Jaci Reale, and in many hot 
springs connected with dormant volcanic action both in 
these regions and elsewhere. 

Not that we are obliged to suppose sulphurous acid 
to be entirely absent in the latter cases, or sulphuretted 
hydrogen in the former ; for os these two gases, when 
they meet, decompose each other, fprming water and 
depositing sulphur, it is reasonable to expect, that only 
that portion of either which exceeds the quantity neces- 
sary for their mutual decomposition will escape from the 
orifice, so that the gas that actually appears, only indi- 
cates the predominance of the one, and not the entire 
absence of the other. 

Carbonic acid appears to be chiefly found in volcanos 
that have become extinct, and when it occurs in those 
considered active, it is at a time when they are not in a 
state of eruption. It is also found to occur more com- 
monly at the foot and in the neighbourhood of volcanic 
mountains, than in their craters, or at the points of their 
most vehement action ; so that it may be viewed, rather 
as one of the consequences of a long continued operation 
of the heat produced upon the contiguous rocks by vol- 
canic processes, than as the direct effect of the processes 
by which that heat is occasioned. 

The last of these gases, nitrogen, has been already suffi- 
ciently alluded to : from the observations hitherto made, 
it would seein to be for the most part the concomitant 
of languid volcanic action; but it is probable, that, when 
the gases evolved from active volcanos have been scru- 
pulously examined in a greater number of cases, it 
will be noticed much more commonly as occurring 
amongst them; since Sir H. Davy detected it, in* Vesu- 
vius, and his brother Dr. John Davy, in the gas given 
off by the new volcanic Island near Sicily, in both cases 
accompanied with less than the usual proportion of 
oxygen. 

Substances not gaseous ejected . 

Other substances are often disengaged from volcanos 
as vapours, but condense round its exterior either iu a 
liquid or a solid condition. • 

Such is the petroleum found by Breislac, at the foot of 
Vesuvius, the Val di Noto in Sicily, the extinct volcanos 
of augent Latiutn and Auvergne, the site of the ancient 
eruption recorded in the Book of Genesis on the spot 
now occupied by the Dead Sea, and many other locali- 
ties. Such also is the sulphuric acid, which has been 
only hitherto met with in extinct volcanos ; as for in- 
stance in a stream issuing from that of Puracc between 
Bogota and Quito, from one derived from Mont Idienne 
in Java, and probably in the rocks connected with the 
languid operations about Radicofani in Tuscany. It is 
obviously derived from the sulphurous acid, which, pass- 
ing through the water of some volcanic lake, and ab- 
sorbed by it, has derived an additional dose of oxygen 
from the atmospheric air present. 

The solid substances sublimed by volcanos are, 1. the 
boracic acid, found in the crater of Volcano, and the 
Lagunes of Tuscany, which, though it remains fixed in 
our furnaces, appears to be evolved in vapour by the 
heui of these volcanos. 2. Muriate of ammonia, very 
abundantly evolved during certain eruptions, as by that 
of Etna in 1780, but apparently absent from others. 

VOL. VI. 


8. Specular iron ore, probably disengaged in combina- 
tion with chlorine, which latter principle may Iks sepa- 
rated, on its coming into contact with the atmosphere, by 
means of the heat, water, and oxygen of the air. 4. 
Muriate of soda, the most abundant of them all, as well 
as the most universal, being exhaled more or less by 
almost all volcanos, and present even iu their lavas, 
according to Monticelli, who obtained more than nine 
per cent, of it, by simple washing, from that which issued 
from Vesuvius in 1822. 

We do not include among the sublimations, the depo- 
sits of sulphur, or the sulphurets of iron, copper, arsenic, 
and selenium; still less the various sulphuric salts found 
efflorescing in the spiracles of all volcanos. 

The sulphur, which seems to be of almost universal 
occurrence wherever volcanic operations are going on, 
is evidently derived, in the majority of instances, from 
the mutual decomposition of the sulphurous aud sul- 
phuretted hydrogen gases ; for we know of no well au- 
thenticated case of its sublimation in an nncoinbined 
state from any volcano, and analogy would lead us to 
extend the same inference, to the compounds of sulphur 
with arsenic and seleuium, that occasionally accom- 
pany it. 

The sulphates of lime, alumina, iron, magnesia, and 
soda, which so frequently incriist the surt'uces of re- 
cently ejected masses, or the fissures of volcanos in pre- 
sent action, are evidently produced, by the affinity exerted 
by the sulphuric acid, which has proceeded from the sul- 
phurous acid disengaged, for those alkuline and earthy 
bases with which it may have come into contact. 

The substances hitherto considered, in whatever con- 
dition they may present themselves to the eye of the ob- 
server, have evidently been either disengaged from the 
volcano in a gaseous form, or at least have resulted from 
the same ; but we have next to consider those, which have 
been thrown out in a solid ora liquid state from the cra- 
ter, but without becoming, like the former, volatilized by 
the action of the heat. 

Solid Substances ejected . 

They may be divided, into such as have undergone a 
complete change from the process, amongst which we 
comprehend lavas, und loose ejected masses of similar 
composition; and such as are thrown out, either unal- 
tered, or at least retaining enough of their originul cha- 
racters, to be identified with some one or other of the 
existing rocks. 

Lavas. 

Their Chemical Characters. 

Beginning with the former class of substances, I shall 
first state the chemical, and afterwards the mineralogi- 
cal characters of lavas. 

Lava, when observed as near as possible to the point 
whence it issues, is, for the most part, a semifluid muss 
of the consistence of honey, but sometimes one no 
liquid as to penetrate the fibres of wood. It soon cools 
externally, and therefore exhibits a rough unequal sur- 
face ; but, as it is a bad conductor of hent, the internal 
mass remains liquid, long after the portion exposed to 
the air has become solidified. The temperature at 
which it continues fluid is considerable enough to melt 
glass and silver, and has been found to liquefy in four 
minutes a mass of lead of such a size, as, when placed 
on red-hot iron, to require double that time to enter into 
fusion. 

5 o 
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Stones of a spongy nature, pumices probably, were 
Cb.UI. me | le( | when thrown into the lava of Vesuvius; that of 
Etna is said to have effected the same ; and a current, 
which proceeded from an Iceland volcano, is stated to have 
melted down every kind of hard stone that came in its way. 

On the other hand, masses of limestone have been 
taken out from the midst of lava with no signs of 
fusion upon them, and even with their carbonic acid 
umliminished ; and the houses of Torre del Greco, and 
of other villages, which have been enveloped in liquid 
lava, remained unmelted by it. When bell-metal was 
submitted to the action of the Vesuvian lava of 1794, the 
zinc was separated, hut the copper continued unaffected. 

Sir James Ilall, in his Memoir on Whinstonc and 
Basalt, has presented us with a Table of the relative 
fusibilities of seven specimens of whin or basalt from 
the neighbourhood of Edinburgh, and of an equal 
number of lava from various European localities ; from 
which it appears, that when converted into the state of 
glass, tlwy become softened at a temperature from 15° to 
£4° of Wedgwood, or 3027° to 4197° of Fahrenheit. 
Whilst in a crystalline state, the same ingredients con- 
tinued solid at this temperature, but became soft at one 
varying, from 28° to 55° of Wedgwood, or from 4717° 
to 8227°, a heat inferior to thut of u common glass-house. 

With this statement regarding the melting point of 
these ignigenous products, the chemical composition, 
which appears to belong to them, is in complete accor- 
dance. 

According to Dr. Kennedy, two specimens of the lava 
of Mount Etna contained each 4 per cent, of soda, and 
nearly 1ft of 'oxide of iron, to 51 of silex, 19 of alumina, 
and about 10 of lime. Other lavas, doubtless, are dif- 
ferently constituted, and some appear to be completely 
destitute of alkali ; yet even in these latter cases the 
presence of some alkaline earth, capable of acting as a 
flux to the silex and alumina, seems universally to sup- 
ply its place ; and accordingly, there are lew varieties, that 
do not readily fuse at the heat of an ordinary blast fur- 
nace, and some, indeed, at a much lower temperature. 1 * 
Nevertheless, there arc circumstances, which have in- 
duced certain Naturalists to adopt quite a different view 
of die nature of lavas, and to imagine them to owe their 
fluidity, not to the intensity of the heat, but chiefly to the 
presence of some solvent or flux. 

This opinion was originally broached by Dolomieu, 
who founded it upon the assumption, now admitted to 
be erroneous, that the crystals of augite and hornblende 
which lava contains, existed antecedently to the fusion of 
the mass, and were not produced in consequence of it. 
Hence he necessarily concluded, that the lava could only 
have been subjected to a degree of heat, inferior to that 
at which such crystals would become fused. 

Findiug, therefore, sulphur to be exhaled from certain 
lavas, he imagined this to act as u flux to the other Bub- 
stances, and accounted for the more difficult fusibility of 
the mass when once cooled, from the escape of the sul- 
phur originally present. The existence of sulphur in 
lavas has been asserted by some, and denied by others, 
but whether it be present or uot, there seems no neces- 
sity for attributing to it the fusion of the mass, when, as 
we have seen, its composition alone sufficiently accounts 
for this circumstance. 

* According to Ssvtsmire, Jemnuti de ffc#, so. 2, felspar 
melta at 70° of Wedgwood, basalt at 76°, sad hornblende at 
about 100°. 


It must in any case be disengaged very soon after the Oeologv. 
melted matter has been ejected, for no sulphurous va- c h. 111. 
pours are perceived to issue from a lava current of old v 
standing, even though it may continue internally fluid ; 
and it is well known, that sulphur forms no part what- 
ever of the composition of lavas, and can, therefore, only 
be mechanically mixed with them. 

A recent Geologist has lately brought forwards a mo- 
dification of Dolomieu'B theory, by supposing water to 
act the part which the latter attributed to sulphur; and 
although we are compelled to reject his theoretical views 
on this subject, as utterly inconsistent with known che- 
mical principles, yet they suggest some interesting in- 
quiries, with respect to the state in which those volatile 
matters existed in lava, which are said to be copiously 
disengaged from it in the state of vapour. Have they 
been confined by the pressure of the superincumbent 
mass, until its gradual cooling caused fissures by 
which they were enabled to make their escape, or is 
it possible, that the influence of pressure may be assisted 
by some kiud of chemical union between them and 
the other constituents ? All writers admit, that various 
salts are emitted from the surface of recent lava, which 
are never found amongst its constituents ; and if these 
are sublimed, as appears to be the case, by the heat, the 
same may also happen with regard to the other more 
volatile matters, whose extrication from lava is vouched 
for on respectable authority. 

m 

Their Mineralogical Character s. 

The mineralogical characters of lavas have been 
already given at the commencement of this Article, 
where they are stated to belong in general to the rock 
called by Mr. Scrope greystone, and by M. Brongniart 
tephrine, consisting essentially of felspar, with many 
accidental ingredients superadded, such as olivine, inica, 
augite, hornblende, tit&niferous iron, and the like. 

Loose Fragments ejected . 

The loose fragments ejected from the crater differ 
but little in mineral composition from the continuous 
streams of lava, but they are generally of a more cel- 
lular and porous aspect, not uncommonly fibrous, and 
consequently more brittle and incoherent They also 
frequently present that vitreous appearance which is the 
effect of sufiden cooling, aud vary in size from masses 
many tons in weight to a fine and impalpable powder. 

There seems, therefore, good reason for suspecting, 
that all those volcanic products which we haw? just 
been considering, in whatever form they may have 
issued from the volcano, are allied to the rock denomi- 
nated trachyte ; and, that they are either derived from it, 
or, at leust, formed out of the same materials as those of 
which the latter is composed, appears from our finding, 
that, in many places where the structure of a volcanic 
mountain has chanced to be exposed, the lowest in the 
series of formations that present themselves to the eye 
is of a trachytic nature, and that the strata superincum- 
bent often seem to show a resemblance to that rock, 
more or less close in proportion to their contiguity to it. 

Trachyte, whence derived. 

Trachyte, also, is a rock of such universal occurrence 
in volcanic Countries, and so abundant in those in which 
the action i 9 of the most remote date, and has taken 
place on the most extensive scale, that it seems to be 
natural to derive the lavas subsequently ejected from it. 
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Geology, regarding them merely as so many modifications of this 
Ch. HI. original material, more or less changed by the larger 
continuance of the- heat, or the admixture of other 
matters. 

But, considering the peculiar characters and compo- 
sition of trachyte, as well as the circumstance of its 
being limited to Countries that appear to have undergone 
the action of volcanic fires, we can hardly regard it as a 
substance which makes a part of the original constitu- 
tion of the Globe, and shall be disposed to Bet it down, 
as itself a product, although a primary one, of the fusion 
of other kinds of rock. Of what nature this latter may 
consist, will, perhaps, be determined, if we examine, first, 
with what particular descriptions of rock trachytes are 
most connected in point of situation ; and secondly, to 
what they present the nearest resemblance in mineralo- 
gical and chemical composition. 

The former inquiry will lead U9 to consider, in the 
first instance, the nature of those ejected masses which 
appear to belong to the contiguous rock formations, and 
not to be products of the igneous operations to which 
their ejection has been owing. 

Among these, we read of no substance bearing the 
slightest resemblance to the constituents of secondary or 
tertiary strata, but of many which may, with the greatest 
probability, be referred to rocks of a granitic character. 

Thus at the Puy Chopine in Auvergne, granite is 
found intermingled with the trachyte and greenstone, 
thrown together in confusion, as if the whole had been 
elevated at one time, before the rock had been en- 
tirely changed by the process. 

In the lava9 of the Vivarais, in those of the Rhine, 
and in other localities, imbedded masses have been met 
with, having much the appearance of an altered gneiss 
or granite. Humboldt mentions his having found, in 
the midst of the new volcano of Jorullo in Mexico" white 
angular fragments of syenite, composed of a small por- 
tion of hornblende, with much lamellar felspar ; Gemel- 
laro discovered a mass of granite containing tinstone 
amongst the ejected masses of Mount Etna; and the 
same rock has been discovered amongst the trachyte of the 
Poiiza Islands by Mr. Scrope, and in the lava of Vesu- 
vius by Dr. Thomson of Naples. 

Mica slate has, in one instance, been found ejected 
by Vesuvius, and various granular limestones of u dolo- 
mi tic character are found amongst the masses ejected from 
the old crater of Vesuvius, which lie accumulated in the 
Fossa Grande, and other hollow ways on the slope of 
the volcano. It must be remarked, however, that these 
latter are never imbedded either in the lavas or in the 
volcanic masses ejected, so that they do not stand in 
the same relation to them, as the granitic masses do 
which have been before enumerated. 

With regard to the formations, in which trachytic 
rocks, or, to speak more generally, volcanos, usually 
appear, great discrepancy seems at first sight to exist. 

Thus, to begin with the Rhine, the formation on 
which the trachyte of the Siehengebcrge rests, and 
among which the volcanos of the Eyfcl have arisen, is a 
clay slate belonging to the transition scries ; in Au- 
vergne, the rocks of Mont Dor and of Clermont rest 
immediately upon granite, or are separated from it only 
by a tertiary deposit, whilst those of Cental are incum- 
bent on mica slate. In Hungary the rock underneath 
is a porphyry, associated with syenite, clay slate, &c. 
and referred by Beudant to the transition series ; in Tran- 
sylvania, according to Boud, the trachytes lie near the 


mica slate and gneiss, with which are masses of syenite Geoloen 
and marble; whilst in Styria, the rock most immediately Ch» 
surrounding the little trachytic formation of the Glcicli- 
enburg, is gnci9S. 

In Italy the case is somewhat different; yet, though 
the trachyte of the Eugatienn hills rises from beneath 
chalk, we have reason to believe that primitive and 
transition rocks lie at no great depth beneath, us they 
are found near Schio, and support the alternations of 
volcanic and neptunian deposits iu the Bmganza. 

Humboldt nas shown, that the rock which supports 
the volcanos of the New World is generally a transition 
porphyry, and sometimes granite or syenite ; and Von 
Buch reports, that the last-named rocks appeared us the 
lowest of those uplifted strata, which surrounded the 
crater of the Island of Palma and other of the Cana- 
ries. Now, although the preceding enumeration indi- 
cates such a variety with regard to the position of vol- 
cunic formations as may seem at first sight to baffle all 
general conclusions ; yet when we consider, that, in the 
majority of instances, the rocks have been referred either 
to the primitive or the transition series, and that in the re- 
maining ones, the latter were at a depth far less con- 
siderable, than that at which we shall afterwards find 
reason to conclude, that the volcanic force itself resides ; 
it may not be unfair to presume, that volcanos have uni- 
versally broken out amongst the older formations, or 
those most near to the nucleus, whatever that may be, 
of the Globe. 

It is obvious, indeed, that in those cases in which 
volcanos have appeared in the midst of primitive rocks, 
we cannot presume the seat of action to reside amongst 
those of a later date, but that the converse does not hold 
good ; so that if wc only udmit, that any certain position 
is to be assigned to these products, a single case of 
their occurrence in the midst of older formations would 
overturn every inference to be derived, from their being 
observed to emanate from strata of a more recent date. 

The legitimate deduction from the ubovc facts are, 
moreover, strengthened by considering the minerulogicid 
and chemicul constitution of trachyte, both which bear 
such a resemblance to that of granite, that the rock has 
been called by Dolomicu granitoid lava. 

And although the two rocks may be distinguished, by 
the presence of quartz in the one, and its absence from 
the other, yet the predominance of felspar in both seems 
to place them in the Name genus, and to distinguish 
them from the constituents of secondary strntn, where 
that mineral hardly can be suid to occur, except where 
we have reason to suspect the agency of fire. 

It is probable, too, that the chemical composition of 
granite and trachyte taken from the same localities,, 
would not be found to vary materially, notwit hstanding 
the differences in their mineral constitution pointed out. 

Thus, though quartz is wanting in trachyte, and 
abundant in granite, yet the silicious earth contained in 
that mineral, may have united with the alumina present, 
in such proportions as would form felspar, and in this 
manner the latter may have become more abundant, at 
the expense of the other two ingredients of the granite. 

In some coses, on the contrary, where the material 
operated upon consisted chiefly of quartz, the result may 
have been that variety called millstone trachyte, which, 
though chiefly silicious, betrays its igneous origin by 
the cells and cavities it so abundantly contains. 

If, then, there be reason to conclude, that the sub* 
stance, which has supplied the materials ejected by 
5 d 2 
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Geology, burning mountains, or constituting their internal nucleus, 
Ch. 111. be derived from grunitic rocks, a strong argument will 
be afforded, in favour of the great depth at which the 
operations are seated, that have given rise to the effects 
we witness. 

This inference, indeed, is greatly strengthened by a 
consideration of the phenomena attendant on an erup- 
tion, the general tenour of which plainly denotes, that 
the focus of the action is situated at a depth at the least 
as great, as that to which granite may lie supposed to 
extend. 

We do not, indeed, lay any stress on the remarks of 
Stukeley, who calculates from the compass of country 
over which earthquakes have been felt, that the force 
must, in some instances, be 200 miles beneath the sur- 
face, because we have seen reason to believe, that vibra- 
tions may be propagated laterally beyond the imme- 
diatc influence of the impelling force ; but we would 
argue, from the immense mass of materials ejected by 
any one volcano, as for instance by Etna or Vesuvius, 
without exhausting itself, or causing any sinking of the 
mountain; from the prodigious height, to which the tra- 
chy tic nucleus of others seems to be raised, os at Teneriffe 
and in Equinoctial America; and, lastly, from the im- 
mense violence of the eruptions, which would shiver 
into pieces any merely superficial covering of rock, 
that the clastic vapours must be disengaged at a depth 
at least ns great, as that to which the crust of the earth 
can be supposed to extend. 

Constitution of a Volcanic Mountain in general . 

Having now examined the products of subterranean 
fire individually, we will next consider them in the ag- 
gregate, and explain the manner in which thc> produce 
those vast accumulations of volcanic materials, which 
occupy so large a portion of the surface of our Globe. 

Those observers, who huve been fortunate enough to 
obtain a near view of the crater of a burning mountain, 
in what is called its active condition, inform us, that the 
interior of it is tilled with a body of melted lava, which 
may be seen alternately rising and falling within the 
chasm. At its maximum of elevation, one or more 
immense bubbles have been seen to form on the sur- 
face of the lava, and rapidly swelling, to explode with a 
loud detonation. This explosion drives upwards a 
shower of liquid lava, which, cooling rapidly in the air, 
falls iti the form of scoriae. The surface of the lava is 
in turn depressed, and sinks several feet, but is pro- 
pelled again upwards in a moment by the rise of fresh 
volumes of elastic fluids, which escape in a similar man- 
ner. Such is the account given by Mr. Scrope of the 
crater of Stromboli, which he surveyed from a com- 
manding point of rock ; such likewise in the main is 
that given by Spall anxani of Etna, by Bory St. Vincent 
of the volcanos of the Isle of Bourbon, aud by Ellis of 
Kirauea, in Owhyhee. In all these cases, a mass of 
melted matter, of unknown depth, covered for the most 
part with a thin pellicle of scoriform lava, and emitting 
copious volumes of steam or gas, was observed in the 
crater which they overlooked. 

Now it is evident, that the tendency to eruption in all 
these cases will depend upon the relation existing be- 
tween the expansive energy of the materials and the con- 
trolling force, derived, in part, from the pressure of the 
superincumbent atmosphere or ocean, and in part, from 
the weight of the column of liquefied matter ; and as in 


general a considerable proportion of the matters ejected Geolos 
during a paroxysm of volcanic action falls hack into the Ch. 11 
crater, whilst the elastic fluids, which served to expel 
them, escape, the active state of a volcano will in these 
cases be intermittent, and its eruptions placed at distant 
intervals asunder. 

In a few rare instances, as at Stromboli, where, from 
some peculiarity in the configuration of the mountain, 
the whole of the ejected materials falls into the sea, 
and is carried away by a strong current to a distance, 
the repressive and expansive forces may be so equally 
balanced, that a series of explosions shall occur at short 
intervals, for any length of time during which the vol- 
canic processes continue, without any accession of vio- 
lence ever taking place, sufficient to produce the emis- 
sion of a continuous current of lava. In cases where 
the opposite forces are so nicely balanced, it may hap- 
pen, as Mr. Scrope has ingeniously sjggested, that the 
mere variations of atmospheric pressure would cause a 
difference in the explosive force, and thus may explain, 
what the inhabitants of that Island are said to have re- 
marked, that the intensity of the eruptive violence is 
greatest in stormy weather. 

Craters of Eruption . 

It is evident, then, if we suppose this to be the condi- 
tion of every active volcano, that, when once the vio- 
lence of its operations has arrived to such a pilch, ns 
to overcome the resistance opposed to it, the elastic 
vapours will throw out portions of the liquid lava, just 
as, when a mass of melted metal happens to fall into a 
vesse* containing water, the steam generated disperses 
it in all directions. These portions of lava projected inU 
the air, descend again in the form of scoriae or s nd, 
and collect into ai. aggregate, which is called, rather im- 
properly perhaps, a bed of volcanic tuff. 

But the projection of these fragmer* i is soon fol- 
lowed by the overflow of the melted lava itself, which 
by degrees reaches the brim, spreads over the tuff, and 
forms a regular bed encircling the original aperture. 

Now the repetition of these successive operations 
would cause just that alternation of bedsoflava and tuff, 
which is found to constitute the sides of most volcanic cra- 
ters, and it will be at once seen, that the direction in which 
they lie, to c appearance horizontal, when viewed from 
the interior of the chasm, but in reality dipping on all 
sides away from the centre at an angle of about 30°, is 
exactly what would happen, if we suppose them formed 
in the manner represented. In plate v. fig. 9. tfie dis- 
position of the beds in a crater of e» jption is given, and, 
as contrasted with it, is shown that of the beds on a 
hill, which may chance to have been hollowed out by 
the action of water, in a manner, which causes it to 
correspond in external appearance wi(h that belonging 
to the crater, after the latter has been broken away, and 
partially destroyed, by the agency of other causes. 

It is true, that we can hardly imagine many hundred 
alternations of strata so constituted to mantle round the 
crater in the way supposed ; for it is evident, that the 
slightest irregularity in the brim over which the lava 
flowed, or upon which the scorise descended, would de- 
termine these materials more on one side than the rest, 
so that we should never find, after the first few beds 
had been formed, any that actually extended round the 
whole circumference. 

But Professor Lyell has stated from actual observa- 
tion, that this appearance of uniformity is delusive, and 
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Geology, that the cone is in reality composed of a number of beds, 
Ch. III. eac j, Q f w hi c h thins out so gradually, as to be confounded, 
and to appear continuous, with some other placed next it. 

Crater* of Elevation , 

The above statement of the ordinary succession of 
phenomena occurring during a volcanic eruption, which 
we owe originally to M. Neckar de Saussure, supplies 
us with a very simple and natural explanation of the 
structure of ail ordinary volcanic cone, the quaquaver- 
sal dip of its strata, the regular alternation of tuff and 
lava, and even perhaps of the dykes which intersect 
them. But are we at liberty to infer, that the whole of 
a volcanic mountain, whatever may be its form, antiquity, 
or position, whether situated, like Vesuvius, on the bor- 
ders of the sea, or like the Teak of TenerifTc in the 
midst of a fathomless ocean, is built up entirely after 
this fashion ? 

Even in the absence of any direct evidence on the 
subject, we should be inclined to hesitate before we 
adoptee 1 sue 1 ' a conclusion, and to ask ourselves whether, 
under so enormous a pressure as that of the Ocean, the 
c\pansi\c force of elastic fluids, struggling to escape, 
would not be more likely to upheave in the first pluce 
the strala nearest the focus of the action, when softened 
by the heat, v, ithin a given area, than to eject fragments 
of rock round a cone in the manner represented. 

We might also feel perplexed to explain on such a 
supposition the appearance of any detached volcanic 
mouutaiii in deep water, since such materials, if accu- 
mulated under the sea, would be too quickly diffused 
over its bottom, to raise the level to any considerable 
height at one particular point. 

It would also seem, that if earthquakes are allowed 
to have brought about an occasional upheaving V>f the 
Earth’s surface, and that, without producing such a con- 
fusion of the strata affected, as even to interfere with 
the springs of the country, or to throw down the build- 
ings erected on the spot, there would be still gieater 
reason for attributing the same effects to volcanic action 
exerted upon rocks which have been actually softened by 
the previously existing heat. 

But independently of these probabilities, there are not 
wanting direct proofs of the upheuving of # rocks, that 
appear to be connected in some way with volcanic ope- 
rations ; proofs derived, in some caseB from the appear- 
ances they present, and in others from the actual testi- 
mony eye-witnesses. 

Vpneaving of Volcanic Mountains shown* 

First , by their own appearances. 

The former arc drawn from the examination of vol- 
canic mountains, whose interior structure is from some 
cause or other In such a manner exposed to view, as to 
reveal to us the real nature of the material which com- 
poses its nucleus. 

Thus in the Island of Great Canary, and still more 
remarkable in that of Palma, a chasm called the 
Caldera exists, nearly 4000 feet in depth, which af- 
forded to Von Buch an excellent section of the in- 
ternal structure of the mountain itself. Lowest of 
all he discovered the primitive rocks, then masses of 
trachyte, and above various alternations of those vol- 
canic strata which usually occur in craters. The latter, 
for ought we know, may have been formed by successive 


ejections of luva and sconce ; but the trachyte and the Geo 
granite underneath must have been upheaved, for why Ch. 
else do we find them at a height, which, though 4000 
feet perhaps from the summit, is at least 3000 from the 
base of the mountain, and consequently from the level 
of the sea, and that sea too unfathomable ? Can we re- 
sist the belief, that at least the granite with its super- 
incumbent trachyte were upheaved from the bottom of 
the Ocean by volcanic agency, and thus constituted a 
nucleus, round which the subsequent ejections huve 
taken place ? Ought not such au example to ho. regarded 
as more conclusive, than the observations of a contrary 
tendency which other Geologists have recorded, with 
respect to the appearances presented in some of those 
deep valleys, which exhibit sections of the interior of the 
volcano ? 

Where, as in the case of the Val de Bove on Mount 
Etna, the structure is similar to that, which at present 
results from the eruptions, that from time to time take 
place, we have doubtless a right to assume that they 
were produced in a simtlur manner, and consequently the 
antiquity of the volcano is enhanced, in proportion to the 
extent of the series of strata so exposed ; but we are not 
therefore entitled to conclude, that the original formation 
of the volcano must have been of the 6ame nature with 
that of its subsequent growth, still less to extend the 
same inference to other volcanos that may appear differ- 
ently constituted. 

Secondly , by the Existence of Domes of Trachyte . 

Of the upheaving of traahyte in detached dome- 
shaped or conicul masses, and that by forces which wc 
can hardly hesitate to regard as volcanic, examples, we 
conceive, of even a less equivocal kind, may be found, 
in Countries more accessible to the European traveller. 

To what other cause, for example, are we to attribute 
the occurrence of those five isolated hills of domitc, 

\ hich we meet with near Clermont in Auvergne, the 
largest of which, the Puy de Dome, rises nearly 3000 
feet above the general level of the plateau on which it 
rests ? 

On what possible supposition are we to account, for 
the regularity of their form, their perfectly detached po- 
sition, and their occurring, each in the midst of an am- 
phitheatre, composed of volcanic rocks of a totally differ- 
ent kind? Shall we imagine them to be the relics of a 
continuous stratum, once spreading over the adjacent 
country, but since removed by subsequent changes? or 
shall we suppose them to be masses of a kind of lava, 
which, from its imperfect fluidity, accumulated round a 
central point, without spreading into the adjacent plain? 

The former supposition seems irreconcilable with the 
fact of the total absence of all truces of the rock else- 
where, and with the conical form belonging to some of 
these masses; the latter is manifestly inconsistent with 
its chemical constitution, and the idea of its owing its 
fluidity to intense heat, which wc have thought fit on 
other grounds to adopt.* 

In one of these hills, the Puy Chopinc, wc appear 
even to be able to trace the very steps by which the pro- 
cess has taken place. Wc observe here, not merely a 
rock composed of that variety of trachyte, which in the 


* See this question more fully discussed iu u Letter to Professor 
Jameson, on the Diluvial Theory, and on the Origin of 1h« Valleys 
of Auvergne, by Professor Daubeny, published in the Edinburgh 
New P/u /a soph teal Journal for April) 1831. 
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Geology, other fou; hills constitutes the whole mass, but by the 
Ch. III. side of it, forming the side fronting the South-west, 
South-east, and East, a congeries of various primitive 
and volcunic rocks in different states of alteration. We 
may enumerate, a conglomerate of scoriaa and volcanic 
tuff, of basalt, hornblende slate, sienite, and granite, more 
or less disintegrated, especially where in contact with the 
trachyte. The whole of the mountain is surrounded by 
an amphitheatre of rocks composed of a congeries of sco- 
riform volcanic products, from the midst of which it ap- 
pears to have been elevated ; so that we seem to have at 
once presented before our eyes, the material from which 
the trachyte was elaborated, the several steps in the pro- 
cess of change effected, and the mode in which, when 
so prepared, it was made to occupy its present position. 

If, however, we believe H uni bold t, the New World 
must present a much more decisive instance of the 
kind, than the Puys of Auvergne we have been just 
considering; since Chimborazo, the highest mountain in 
that hemisphere, is represented by him, as composed en- 
tirely of trachyte, and being, both in form and composi- 
tion, oil the great scale, what the Grand Sarcouy in Au- 
\ergne is on a smaller one. 

Now we may remark, that it is only because these 
mountains, owing to the shifting of the volcanic fire to 
another quarter immediately after their elevation, or to 
some other peculiarity in their physical condition, have 
given rise to no ejections of lava or sconce, that we are 
enabled to ascertain so decisively their constitution ; for 
had they assumed the character of permanent vents, and 
consequently been covered, as Etna and Vesuvius are, 
by a numerous succession of layers of volcanic materials, 
we should then have been induced to conclude, that 
they were entirely built up of that, which constituted in 
reality merely their external superficies. 

There are also not wanting instances in volcanic dis- 
tricts, where the ordinary rocks of the country have been 
heaved up round a circumscribed area, evidently by the 
expansive force of vapours from beneath, so as to form 
crater-shaped cavities, resembling in all particulars, ex- 
cept in their component parts, that assumed by a volcano. 
Mr. Scrope himself has described one of them in page 74 
of his Memoir on Central France , where he makes 
mention of u circular lake called Le Gour de Tazana, 
about half a mile in diameter, and from thirty to forty 
feet deep. Its margin, for a fourth of the circumference, 
is flat, and elevated above the valley into which the lake 
discharges itself. Every where else it is enviroued by 
steep granitic rocks, thickly sprinkled with small scoriae 
and puzzolanu, and rising about 200 feet from the level 
o( the water. These fragments are all that indicate the 
volcanic origin of this gulf-like basin, but they are suf- 
ficiently decisive. No stream of lava, or even fragments, 
of any large size, are perceivable. 

Similarly formed craters occur likewise in the Eyfel ; 
and perhaps the best example of them is the circular 
volcanic lake culled the Meerftld, hollowed out of transi- 
tion slate and red sandstone, without any admixture of 
volcanic matter, though surrounded by loose fragments 
of augitic lava. Now if we admit, that in these instances, 
the rocks in question have acquired their actual position 
from the operation of expansive vapours acting from 
below, what reason is there for questioning the possibility 
of the same forces having acted likewise upon volcanic 
strata, and caused them to be upheaved in a similar manner? 

Even limestone rocks, if we believe Von Buch, have 
sometimes been elevated by volcanic agency in a conical 


form, so as to imitate in their appearance the trachytic Geology* 
masses mentioned us occurring in Auvergne. Ch» III. 

Instances of this kind are met with between Trent ' 
and Rovcredo, and it is remarkable, that the rock in 
every case is of a dolomitic character, whereas the lime- 
stones in the neighbourhood are destitute of magnesia. 

The same remark applies, as we have seen, to the ejected 
masses of granular limestone found at Vesuvius, which 
are dolomitic, although the apenuine limestone of the 
neighbourhood is in general not magnesian.* (See pi. 
iv. fig. 7. 8.) 

Hence Von Buch has had the boldness to attribute 
this latter ingredient to the volcanic action, imagining the 
Earth in question to have penetrated the volcanic matter 
whilst in a liquid or pasty condition, so as to form with 
it a chemical compound. 

There are, it must be confessed, weighty difficulties in 
the way of such a supposition, and in some of the spots 
which Von Buch h,as appealed to in proof of his theory, 
as, for instance, at Gcrolstein in the Eyfel, the circum- 
stances are such as to preclude us from adopting such a 
supposition, without a manifest anachronism ;t neverthe- 
less the singular appearances of these rocks, and their 
connection with the surrounding strata, have induced 
many to suspend their judgment, and to regard the im- 
pregnation of limestone with magnesia, in the manner 
supposed, as one of those facts, which a more advanced 
stage of chemical knowledge may explain, or at least 
render more conceivable. 

Even those who reject this theory of Von Buell’s, 
will hardly hesitate to regard the curved stratification, 
manifested not unfrequently in our sections of the Earth’s 
surface, as caused by an upheaving force. We are in- 
debted to Mr. Bakewell for presenting us with an 
instance, which seems to comprehend all the conditions 
requisite for establishing this view of the case. Four 
miles East of Matlock, in the isolated hill called Crick 
Cliff, about 900 feet above the Derwent, the strata rise 
in all directions towards the central point, so as to form 
nearly spherical segments. (See pi. iv. fig. 6.) 

The true structure of the hill has been discovered by 
recent mining operations, several valuable metallic veins 
having been explored in it, and a gallery driven in it, as 
represented in the figure. 

Now it if^ obvious, that, although the inclination of 
plane strata may result from subsidence, such an arched 
structure us that represented could hardly have been 
formed except by protrusion, of which its proximity to 
beds of loadstone, to which we ascribe a volcunic 6rigin, 
suggests an explanation. In this instance, however, we 
are not left to conjecture ; for lately, in driving the gallery 
on towards the centre of the hill, a mass of toadstone was 
met with ; and the same was found, by sinking a shaft 
from the top of the hill, so that the cause and the 
effects are at once displayed, in the section we are ena- 
bled to give of this hill.t 


• Iu fig. 7. is an ideal section by Von Buch of the rocks in 
* the Val de Fassa, Tyrol, showing the manner in which he conceives 
the nyroxenic porphyry to have first heaved up and displaced the 
shelly limestone, together with the other rocks, and afterwards to 
have converted it into those masses of dolomite which cap the sum- 
mits of the overhanging mountains. 

In fig. 8. a drawing is given of one of these dolomitic mountains \ 
and the position of tne porphyry, the shelly Umqptone, and the red 
sandstone with reference to it, is indicated by the annexed figurea 
t See Daubeny, Description of Folcanos , p. 53. 

X See Bakewell, Qeology } 1833. 
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Testimony in favour of the Elevation of Volcanic Rocks. 

But if the appearances which are presented by many 
of the rocks affected by volcanic fire lead to a conclusion 
favourable to the notion of their having been uplifted ; 
still more decisive is the evidence afforded us by those 
persons, who have either been eye-witnesses of the for- 
mation of a volcano in a new site, or have been situated, 
nearest in point of time or place, to the theatre of such 
events. 

Father Gorce, in 1707, was eye-witness of the appear- 
ance of a new rock, between the two Islands of Great and 
Little Camment, off Santorino in the Grecian Archipe- 
lago. He states, that it gradually increased in size and 
in height, until it became half a mile in circumference, 
and rose twenty or thirty feetabo^e the level of the sea, 
bringing up with it live oysters. After this had hap- 
pened, a crater appears to have been formed, from which 
fragments of volcanic matter were ejected, and the lutter 
now cover the surface of the Island, and conceal the un- 
derlying rock. 

Among the Aleutian group, Langsdorf has described 
a rock near the Island ofOnnlaschku, 3000 feet in height, 
consisting of trachyte, which made its appearance in 1795, 
and seems to have been thrown up all at once from the 
bottom of the Ocean. The Island that has recently ap- 
peared in the Mediterranean between Sicily and the 
African coast, though the part elevated above the sea 
was made up of scorifortn matters disposed in concentric 
layers round a central orifice, seems below to have con- 
sisted of an upheaved muss of rock. It is certain, at 
least, from Captain Smyth’s account, that the depth of 
the water on the site of the Island was at least 100 fa- 
thoms, when he sounded it in 1814 ; and it appears from 
the chart accompanying Dr. Davy's Paper, that it varies 
in the immediate vicinity of the Island from j. to 12 
fathoms, from whence it gradually increases, so that at 
a distance of from 100 to 200 yards from it, the present 
soundings are from 20 to 65 fathoms. 

Now this change of level may no doubt be explained 
in two ways ; either by the gradual accumulation of seo- 
rie and other volcanic products, or by the more sudden 
elevation of a portion of the bed of the Mediterranean. 
“With either hypothesis the structure of the crater is 
equally compatible ; for it is natural to suppose that, after 
a conical mass had been upheaved, ejections of scoria? 
might have taken place round a central point. 

But with regard to the mode in which the operations 
of th<^ volcano began, we are disposed to give the pre- 
ference to the hypothesis of a sudden upheaving ; for to 
have raised the bed of the sea from 100 to 10 or 12 
fathoms water, would seem to require a longer continu- 
ance of volcanic operations than is noticed as having oc- 
curred on this spot, as well as a wider dispersion of the 
ejected masses over thd sea than appears to have been 
the case. Wc hear indeed of scoris and ashes having 
been distributed in all directions, even to the coast of 
Sicily, but we do not find any sensible difference in the 
level of the sea recorded, excepting within an area of one 
or two hundred yards round the Island, from which cen- 
tral point, therefore, the sea appears to sink abruptly in 
every direction. 

Phenomena of Jorullo. 

Lastly, Humboldt has presented us with an instanoe, 
where, in the centre of the great table land of Mexico, 
and at a period not more distant than the middle of the 
last Century, both the descriptions given by the inha- 


bitants of the country, who were actual eye-witnesses of Geology 
the event, and the appearances exhibited at the time the Ch. !«• 
spot was visited by himself, led him to the conclusion, that v -*‘^ rrlL 
a large tract of ground from three to foursquare miles in 
extent was heaved up in a convex form to the height of 
550 feet, and that from the midst of this protuberance 
arose six conical hills, the least of them 300 feet in height, 
and the loftiest, Jorullo, elevated 1600 feet ubove the 
level of the plain. 

Certain English Geologists have lately questioned 
the soundness of this explanation, and have suggested 
that the convexity of the plain may have been produced 
by a simultaneous overflow of lava from the six cones, 
and that these, uniting into one sheet, may have formed a 
sort of circular pool or lake of lava. 

But this solution seems to us clogged with still 
greater difficulties than that offered by Humboldt; for 
although it be true, that the viscidity of a lava current is 
such, that we ought not to suppose it subjected altogether 
to the same laws as those which regulate the flowing of 
a body of water, still it seems probuble, that Rome 
trifling inequality of surface in the pluin over which it 
has spread, some variation in the quantity of lava given 
out from the different orifices, would determine the sheet 
of lava to one point rather than to another, and thus 
produce a stream flowing in a given direction, instead of 
a lake of melted matter circumscribed within so definite 
an area. 

It lias been said, indeed, that the heaving up of a 
tract of laud of this kind is unprecedented ; but so, it may 
be replied, is the formation of such a convexity, by the 
mere overflow of a stream of lava proceeding from any 
existing volcano. And it must moreover be recollected, 
that, according to the very conditions of the theory advo- 
cated by those Geologists who have objected to Hum- 
boldt’s views on this point, our historical records would 
embrace so very small a portion of the time occupied by 
any of the great physical revolutions of our Globe, that 
there appears the less reason, for circumscribing Geolo- 
gical reasoning strictly to the data obtained by actual 
observation, provided it assumes nothing inconsistent 
with the laws which the latter tend to establish. 

Thus we have literally no record of any other volcano 
formed in a new site upon land, than this of Jorullo ; 
for the throwing up of the Monto Nuovo near Naples 
can be regarded in no other light, than as a transference 
of the volcanic action, which is taking place at the Solfa- 
taru, or at Vesuvius, to another neighbouring quarter. 

It may also be remarked, that the existence of u hol- 
low space beneath a volcauo, which may be accounted for, 
although it does not necessarily follow, from the uplifting 
of the rocks composing its nucleus, seems the best and 
most obvious means of explaining the phenomenon stated 
by Dr. Horsfield to have occurred in Java; where the 
mouutaiu Papendayang, formerly one of the largest vol- 
canos in the Island, is said to have given way, and in 
part to have fallen in, so that an extent of ground, fifteen 
miles long and six broad, was swallowed up in the 
bowels of the earth, with the destruction of forty villages 
and a large proportion of their inhabitants. 

There seems, therefore, good reason to believe, that 
volcanic rocks have been heaved up, both in the sea and 
on land, by the expansive force of elastic vapours, a 
position of greater importance in a theoretical point of 
view than might be at first anticipated, seeing, that it 
justifies us in applying these same forces to the explana- 
tion of the more extensive elevations of mountain ranges. 
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Geology, of which Geology apprizes ns, though, as of I lie eleva- 
Ch. 111. tion 0 f cones of trachyte, history is silent concerning 
them. Now a belief in the elevation of isolutcd masses 
of rock may serve to reconcile us to certain opinions, with 
respect to the origin of volcanic craters, which, resting 
ns they do on the authority of the two individuals, who 
have examined volcanos, on the most extensive scale, and 
under the greatest variety of aspects, deserve from us at 
least a patient and unprejudiced hearing. 

Craters of Elevation . 

Von Buch has distinguished the craters of volcanos 
into two classes : those produced by eruption, and by 
elevation. The former are brought about in the man- 
ner ulrcady pointed out by Ncckar de Saussure and others, 
and are found in all volcanos which have given rise to 
currents of lava, or have constituted permanent vents of 
volcanic materials. 

The hitler are produced, owing to the upheaving of 
the crust of the Earth by the agency of elastic vapours 
round a certain limited area, and may, therefore, consist 
either of the older rocks of the country, or of the pro- 
ducts that have been accumulated by antecedent volca- 
nic operations. The one may be illustrated by the cra- 
ter of Meerfield in the Eyfel, and that of the Tour de 
Gazana in Auvergne ; of the latter (the Pity de Dome) 
and other conical masses of trachyte afford, as we con- 
ceive, unexceptionable examples. 

Now as the structure of a crater of eruption has been 
compared by Professor Lyell to that of an exogenous 
tree, which increases by layers deposited from without ; 
so that of a crater of elevation may, to follow up the same 
analogy, be perhaps compared to that of an endogenous 
one, where the growth is caused by the protrusion of a 
mass from within. The question, therefore, is, in what 
way are we to determine whether a given crater, or, to 
speak more generally, a given volcanic formation, be the 
result of the one or of the oilier process ? 

And here we must refer to an excellent Memoir lately 
published by Messrs. Elie de Hourmont and Dufrenoy, 
who adopt the following method of distinguishing 
between the two. 

When the sides of the mountain are covered with 
bands of luva circumscribed within narrow limits, we 
may fairly infer that they have been formed by succes- 
sive ejections ; when, on the contrary, the whole circum- 
ference of the cone is covered by a continuous sheet of 
volcanic matter, which is commonly the case where the 
substance of it is basaltic or compact, we may presume 
that it has once been nearly horizontal, and h&9 since 
become upraised. The former may happen most com- 
monly in those volcanos which are subaerial and at pre- 
sent in action, but the latter is the case generally in those 
which are subaqueous. 

If we suppose a body of liquid lava to be ejected from 
the bottom of a deep sea, and consequently under the 
pressure of a considerable volume of water, a crust 
would quickly form over its upper surface, in consequence 
of the rapid abstraction of beat by the water immediately 
superincumbent ; so that the lava subsequently ejected 
would be compelled, by the resistance opposed by this 
bard, unyielding mass to its progress upwards, to spread 
itself laterally in nil directions ; thus forming a sheet or 
tabular mass of Uva extending over the bottom of the 
sea on which it was poured out.* 


* See Delabecho’s Manual, third edition, p. 125. 


Now it is evident, that an exprosion of gas taking Geoloev. 
place underneath *a mass of lava, such as that repre- ‘^Ch. IU. 
seated, might produce a crater of elevation, by heaving 
up the lava round a given area, and producing a central 
cavity, through which the elastic vapours and solid 
matters ejected might continue to escape. 

Messrs. Elie de Beaumont and Dufrenoy appeal to 
the elevated table lands of Mont Dor and C&ntal, as 
affording instances of elevation, but as being altogether 
irreconcilable with the doctrine of craters of eruption ; 
and it is certain, that if the sheets of truchyte are really 
continuous, we will not say over the whole of these 
mountains, but over any considerable portion of them, 
the notion of their being caused by successive ejections 
from a number of distinct craters, must be renounced as 
untenable. M. Virlet, indeed, one of the most distin- 
guished opponents of the elevation theory in France, 
who accompanied the scientific expedition sent by the 
French Government to the Morca, is compelled to admit, 
that the eruptions, which built up the Mont Dor and the 
Cantal, must have been on a greater scale than any 
which we at present experience ; thus giving up the very, 
point which pleads most strongly in favour of the rival 
theory, by admitting, that causes now in action, operating 
with only their present intensity, are inadequate to 
produce the phenomena. On the other hand, the 
adversaries of Von Buell’s theory in this Country, more 
consistent in their opposition, endeavour to show, that 
lava currents of equal extent have been produced in 
modern days ; and doubtless Iceland, and even Sicily, 
afford examples, which may be fairly brought into com- 
petition with those of more ancient date. 

But Messrs, de Beaumont and Dufrenoy contend, with 
great appearance of justice, that it is only when the luva 
has reached a tract of nearly level laud, that it spreads 
itself over so wide a surface ns is there represented, and 
that during its descent down the sides of the volcano it 
in almost invariably circumscribed within a very limited 
area. 

When, therefore, we observe a conical hill composed 
of sheets of lava or trachyte, which can be ascertained 
to be continuous round the whole or the greater part of 
its circumference, we must suppose it once to have been 
horizontal, and afterwurds to have been heaved up into 
its existing position. 

Von Buch has, however, extended his theory to such 
craters as that of the Islands of Palma and of the Great 
Canary, assuming that all the strata observed in look- 
ing down from the summit of the Caldera have been 
upheaved, and that this deep chasm has been formed in 
consequence. 

The Caldera of the Isle of Palma, says Von Buch, 
differs from a crater of eruption in many striking particu- 
lars. Here are no streams of lava, nd slugs, no lapilli, or 
ashes. Nor do we ever find the latter of such a circum- 
ference, or so profound and abrupt. Its general aspect 
seems to show, that it was formed by the pressure of those 
elastic fluids, which raised the whole Island above the 
level of the Ocean, and changed the strata composing it 
from an horizontal to their present highly inclined po- 
sition. The aspect of those narrow and precipitous 
ravines, called Baraucos, which encircle it, favours this 
hypothesis. They are so circumstanced, that we can 
hardly attribute them to the action of water; but if we 
suppose a succession of solid and unelastic strata to be 
suddenly lifted up in the manner of those in the Island 
of Palma, it is evident that not only would a central 
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Geology, aperture be formed where the crater now exists, but 
Ch. III. that the strain would occasion a number of lateral tis- 
surest, corresponding with those called in the Island 
Barancos. 

To those, indeed, who have hitherto derived their 
notions on these subjects exclusively from English 
sources, we would recommend the perusal of the great 
Work on the Canary Islands, which we owe to the 
Prussian Geologist above mentioned. We shall there find 
a record of phenomena, which seem hardly reconcilable 
to that theory with regard to the building up of volcanic 
mountains by the successive ejections of beds of scoria; 
and lava, which, from its seductive simplicity, is calcu- 
lated in a manner to preoccupy the miud of the Geo- 
logist. 

We shall there see whole islands formed, of beds of 
basalt, not of scoria or of tuif, preserving in their ex- 
ternal circumference a circular form nearly as perfect as 
that of the brim of their central crater, towards which 
they ou all sides incline. We shall then see, in the 
midst of this amphitheatre, of basaltic rocks, und of other 
materials, which could scarcely have been formed except- 
ing under water, a conical mass of trachyte rising to a 
great height with a crater in its centre,* and this crater 
one, which has not in all cases emitted lava currents. or 
scoria;, but has served only as a vent for steam or 
gases. Now, if these appearances can be best explained 
by an upheuving of rocks previously formed beneath the 
bed of the Ocean, wliut arguments of a general nature 
can be alleged to prevent us from adopting such u con- 
clusion, seeing, that we are only extending to the mate- 
rials of a whole island, what all admit with respect to 
certain isolated rocks ; imagining that to have taken 
place in Palma, and the Great Canary, which we have 
almost been eye-witnesses of at the Islands of Suntorino 
and Sciacca ; proceeding, as it appears to us, legitimately, 
from the observed consequences of earthquakes at pre- 
sent, to the inferred effects of similar forces at periods 
antecedent? 

That the hypothesis in question may have been pushed 
too far, and that some of the followers of Von Buch, 
originally misled by his authority, may have since been 
obliged to retrace their steps, is nowise improbable; but 
this does not invalidate the truth of the facts, which he 
and others have alleged, as applicable teethe cuses of 
Teneriffe, or Jorullo, or oblige us to imagine all vol- 
canos, in whatever quarter of the Globe they may be, to 
be built up, after the model of those tew on the borders 
of the’Mediterraneau, which chance to be most accessi- 
ble to Europeans. 

We hold, iti short, that it would be just &b illogical 
to argue, that because many craters have been built up 
by the gradual accumulation of successive eruptions, 
therefore that the same must have been the case with 
all, as to contend, that because the trachyte which forms 
the bottom of the Caldera has been uplifted, therefore 
that the strata superimposed upon it must have been 
so likewise, without reference to their nature or contents. 

B 0 U 1 descriptions of crater probably have a real 
existence in nature, and the business of the Geologist, 
therefore, is to distinguish the one from the other, by a 
particular examination of each, and by considering, whe- 
ther the strata that compose it have most the appear- 

* The drawing of the cone and crater of Barren Island, Bay of 
Bengal, pL iv. fig. 4. will give tome idea of what is here de- 
scribed. 

VOL. VI. 


ance of submarine lavas, or of those products, which are Geology, 
seen forming under our eyes by subnerial volcanos. Ch. III. 

We have been disposed to dwell the more upon this 
theory ot Von Buch, conceiving that justice has hardly 
been done to its pretensions hy English Geologists, 
partly, in consequence ot the originul papers, in which 
his views were promulgated, having never been trans- 
lated into our language, and partly, in consequence of 
their being somewhat at variance with certain doc- 
trines in this Science, prevalent at the urcscnt time 
amongst us. 

If, however, we may presume to act as arbiters be- 
tween this great German Geologist, and his opponents 
in England, we should say, that the latter are perfectly 
justified ill referring to processes of which they have 
daily experience, those craters to which both theories may 
be applicable, on the very same principle, oil which we 
have ourselves given a preference to the simpler hypo- 
thesis advanced by Professor Forbes, and since so ably 
advocated by Mr. Eyell, to account for the phenomena 
of the Temple at lhizxuoli, (see p. 717.) though wc 
have seen nothing to convince us, that the more com- 
plicated theory advanced by Goethe would not likewise 
account for them. On this principle wc do not doubt 
that Hoffman has done right iu retracting his original 
opinion witli respect to Movnt Etna being a crater of 
elevation, though we have yet to learn thut this conces- 
sion on his part ought to be construed into a general 
abandonment of Von Buch*s theory ns applied to other 
cases. On the other hand we would submit to our 
readers, whether, on reviewing the fads that have been 
put before them, they will not conclude, that the objec- 
tions raised against the possibility of such cases occur- 
ring, as Von Buch has exemplified in his Work oil the 
Canary Islands, rest on too narrow a view of volcanic 
phenomena, which, in order to be complete and satig- 
factory, ought to embrace the phenomena observed in 
Equinoctial America, as well as those of Europe; the 
extinct volcanos of Auvergne, as well as the recent oucs 
of Naples and Sicily ; and which, at least, should admit 
of being applied to all cases of upheaving, whether occur- 
ring in primary ranges of mountains, in the so called 
valleys of elevation existing amongst newer deposits, or 
in tracts of confessedly igneous origin. 

Section 4. 

Theory of Volcanic Operations . 

Having now treuted in succession the different phe- 
nomena found to acconipuuy volcanic action in .‘tfl 
various phases of intensity, we may, perhaps, be in 
some degree piepared to estimate the relative probabi- 
lity of the two inodes already mentioned, by which its 
existence has been accounted for. 

Wcsay, the relative probability of the two, for after 
all, there will be few so wedded to either, us not to con- 
template, new volcanic phenomena being brought to 
light, fresh principles in Chemistry becoming recog- 
nised, which may give a preference to some third expla- 
nation, entirely different from either of the foregoing, 
seeing, thut one of those conditions laid down by Lord 
Bacon as requisite in order to guarantee our belief in. a 
theory, namely, that the cause assigned should be 
ascertained to have a real existence, cun be predicated 
neither of the one nor of the other. 

We would also remark, that the real question at 
5b 
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Geology, issue between the advocates of the rival theories, stated 
Ch. III. j n its broadest terms, is simply this; — whether the phe- 
nomena of volcanos seem to imply a process of oxydu- 
tion or not ; if they do, then our acquaintance with 
bodies which are kindled by th? mere contact of water, 
enables us to explain the manner in which the process 
of combustion may originate, its continuance becoming 
a matter of subsequent consideration ; whilst, if the 
facts before us can be accounted for merely by assuming 
the presence in the interior of the Globe of a mass of 
melted matter, we should scarcely be disposed to go 
further for a solution of them. 

Now the progressive refrigeration of a ball of melted 
mailer proceeding from its circumference towards its 
centre, would doubtless produce something like an imi- 
tation of one volcanic phenomenon, namely the emission 
of lava currents, since the contraction of the crust upon 
its internal contents would squeeze out from to time, at 
the points of least resistance, a portion of liquid matter 
proportionate to the gradual diminution of its capacity. 

We may also understand, why the points of least re- 
sistance should often be on the coasts or in the depressed 
portions of continents ; why the action of the volcano 
should in general be intermittent ; ami why it should 
continue for centuries without becoming exhausted. 

We might also account on this hypothesis for the 
volumes of carbonic acid emitted, regarding them as 
resulting from the action of the heat upon the consti- 
tuents of the limestone rocks placed within the sphere 
of its operation, and consequently as being unconnected 
with any process of combustion. 

But, on the other hand, this hypothesis does not ex- 
plain, why volcanos should break out in the middle of 
the sea, where the pressure must be greater, than it is on 
continents, intersected as the latter arc with caverns 
and fissures; why it should take place in certain lines 
of coast only, and not generally, wherever there be low 
land ; and why, fed as they would be from an inexhaus- 
tible fountain of liquid matter, they should ever become 
extinguished, or, at least, continue dormant for no very 
extended a period, as to convey to us that impression. 

Neither does this hypothesis explain the differences 
that exist between the products of volcanos, which, if 
derived from the same internal source, ought perhaps to 
he uniform in their composition and structure, 

Jn conceding, therefore, that the conditions of this 
hypothesis permit us to explain this phenomenon, it is 
conceived, that we have gone further than we are strictly 
warranted in doing; whilst with regard to others more 
characteristic and essential than even the emission of 
lava, it leaves us altogether in the dark. 

In what manner, for example, will the admission of 
Cord ie rs theory enable 11s to account for the evolution 
of steam, and ot the different gases, which we have seen 
to he constantly present, or for the consequences of the 
confinement of these elastic fluids in the interior of the 
JharUi, which manifest themselves, in the explosions that 
accompany an eruption, or m the upheaving of rocks and 
the production of earthquakes which we attribute to its 
operations ? 

Nor can we be considered guilty of any gratuitous 
assumption in thus attributfhg them ; for, although the 
upheaving effects of volcanic action have been by some 
ascribed merely to the hydrostutic pressure of a mass of 
lava, which had been forced up to the summit of the 
crater, yet it is plain, that to have brought it into that po- 
sition 111 defiance of the laws of gravity , some powerfully 


moving force must have been required, and what force Geology* 
can be suggested, at once so probable in itself, and no Ch.nl. 
adequate to the effect brought about, as the evolution of 
a great body of elastic vapour, the existence of which we 
are compelled from many other considerations to admit? 

Aware probably of the difficulties that suggest them- 
selves to Cordier’s theory in this its most simple form, 
many of those who profess to support it, call into play 
another principle, namely the action of water, which, 
making its way to depths where the Earth is sup- 
posed to maintain a temperature sufficiently exalted for 
this purpose, is converted into steam, and thus serves 
by its elastic force to eject the various heated matters 
which issue from the orifice. 

It must he confessed, that such an addition to the 
theory supplies us with an explanation of much, which 
former view of it had overlooked, especially, the situa- 
tion of volcanos near the sea, their power of upheaving 
rocks, and in general the expansive force, which consti- 
tutes one of their leading features. 

Yet even here, unless we suppose some kind of com- 
bustion to take place, we are left in the dark, with re- 
gard to the evolution of sulphurous acid and of nitro- 
gen gases ; and unless we suppose the existence of some 
principle or other capnble of decomposing, as well as of 
converting into vapour, the water that finds admission, 
we shall hardly he able to account for the steady and 
copious emission of hydrogen combined with sulphur, 
which has been noticed. 

It may, indeed, be said, that sulphurous acid would 
arise from the spontaneous union of sulphur with oxygen, 
at the high temperature to which it would he subjected, 
if it existed so deep in the bowels of the. Earth ; and that 
several of the commoner metals, such as iron, are capable 
of decomposing water, and combining with the oxygen 
of the atmosphere, when subjected to the same heat — 
whence would result an evolution, both of sulphuretted 
hydrogen, and of the residuary nitrogen, derived from 
the atmospheric air admitted. 

But when the naturalist is once brought to allow, that 
combustion of some kind or other makes a part of vol- 
canic operations, he will necessarily look to the products 
of those latter, in order to satisfy himself, what the mate- 
rials may have been which have contributed to the 
effects. o 

Now we have already seen, that the substances ejected 
from the crater of a volcano usually consist, in the largest 
proportion of silex, next of ulnmina, then of oxide of 
iron, then lime, and lastly sodu or potass. 

That the elements of these bodies must, some of them 
at least, have absorbed oxygen from the atmosphere, 
during tile process by which their fusion has been 
effected, seems to follow, from the nitrogen disengaged, 
and the ammoniacal salts sublimed ) and if we are thus 
brought to admit, that a metal so oxidizable as iron may 
exist in its metallic condition at these depths, what is to 
hinder us from going one step further, and applying the 
same supposition to the bases of the earths, and alkalies, 
thus obtaining a readier solution of the energetic cha- 
racter of those processes, which are adequute to pro- 
duce the effects wo witness ? 

It has, indeed, been alleged, that the two principal 
constituents of lava, namely, the bases of silica and 
alumina, are not highly inflammable. Silicon, when 
perfectly pure, resists a white heat without uniting with 
oxygen, and aluminium may he boiled in water without 
decomposing it But, in the first place, it is rare to 
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meet with these oxides, without finding them aceom- 
pnnied either with lime or an alkali ; and the basis of the 
former, we have reason, from Davy’s experiments, to be- 
lieve, is highly inflammable ; the hitter we know to t>e so. 

Secondly, silicon kindles readily if united with a little 
hydrogen or with carbonate of soda; arid liluminiutn 
even by itself burns brilliantly when heated to redness, 
and dissolves with the evolution of hydrogen in very 
dilute solutions of potass. 

There is, therefore, no difficulty in imagining the com- 
bustion to be kept- up by means of the silicon and alumi- 
nium, when once it has been commenced by the action 
of water, «ipon the potassium, sodium, or calcium present. 

It lias also been objected, that hydrogen gas is never 
emitted from the spiracles of any volcano, as if it were 
not quite natural, that it should be evolved in union 
with sulphur, when generated iu places so abounding 
in that material. 

That the quantity thus emitted has been enormous, will 
appear from this consideration alone, namely, that the 
immense beds of sulphur in Sicily are probably derived 
from certain submarine solfataras, and that in solfataras 
the sulphur which is deposited arises, not from the sub- 
limation of that solid, but from the deposition of it by 
the sulphuretted hydrogen and sulphurous acid disen- 
gaged, which, when they come into contact, mutually 
decompose each other. 

It is not clear, also, that hydrogen gas may not be 
evolved likewise in combination with carbon, and even 
with phosphorus, since the flame, which lias been repre- 
sented as rising from the ground both during earth- 
quakes and volcanic eruptions, indicates the former; and 
the bubbling up of gas, through the sea, which inflamed 
on coining into contact with the air, a phenomenon ob- 
served near the Azores, would seem to imply the latter. 

At all events, a large proportion of the hydrogen 
emitted may be presumed to make its appearance in the 
animnniacal salts disengaged, and a still larger propor- 
tion to be recombined with the oxygen of the atmo- 
spheric air present, and to appear as steam. 

The above hypothesis has this further recommendation 
— that it accounts for the intense action, which appears to 
be kept up in some cases without intermission for a 
considerable period, although it must be supposed to he 
taking place in caverns, or confined spacirs deep in the 
bowels of the earth. 

Had the combustion been of such a nature, as to give 
rise j>nly to some gaseous product, such as carbonic 
acid, the combustion would soon have been suspended, 
or at least checked, by the predominance of a principle 
so destructive to flame, as we find to he the case in 
coal mines that have caught fire. Nor would the result 
have been different, if sulphur, or even phosphorus, had 
been the sole materials by which the combustion was 
maintained, for in either instance an atmosphere would 
have been produced, in which the further oxydation of 
these bodies could not have proceeded. 

Hut, supposing the substances inflamed to be metals, 
which form with oxygen a fixed product, and disengage 
from water an inflammable principle, as in the case as- 
sumed, we can see no reason, why the combustion 
might not continue for ages with unabated vigour, as is 
the case in several volcanos. 

An objection against our hypothesis has also been 
sometimes deduced from the mean density of the Earth, 
which is calculated at five times that of water ; and 
hence it has been concluded, that bodies so light, as 


potassium and sodium are, cannot make a pari of its 
nucleus. 

But we are not obliged to imagine a larger proportion 
of these alkaline ba^es to lie present, thun would be im- 
plied by the composition of the lava emitted, and pro- 
bably we shall find not more than four or five per cent, 
of potass or soda to exist in the average of volcuitic 
productions. 

On the other hand, the specific gravity of the basis of 
silica, and, probably, also, of that of the other earths 
which predominate in lava, is sufficiently considerable to 
wurrant the conclusion, that a mass of matter, containing 
these principles in the proportions indicated, and united 
with as much metallic iron, ns we know to exist m the 
state of an oxide in the generality of lavas, would form 
an aggregate possessing uu higher specific gravity, than 
that of the compound resulting* from the oxydation of 
the entire mass. 

Hot us take, for instance, the analysis given by Dr. 
Kennedy of the lava from Etna, which he states to con- 


sist of 

Silica 52 percent. X Sp. gr. 2.fi5 = 127.R 

Alumina.. . 1!) percent, x Sp. gr. 4.20 = 79.8 

Lime 10 per cent, x Sp. gr. 11.00 — 30.0 

Oxide of iron 15 percent. X Sp. gi. 5.00 = 75.0 

Soda 4 percent, x Sp. gr. 2,00 = S.O 


100 320.fi 

We here find that 100 parts of this lava luue a spe- 
cific gravity equal to 320. fi, and consequently that the 
specific gravity of the mass would he no more than 3.2, 
supposing it divested of water. 

Now let us contrast this with the specific gravity of 
100 purl s of the metallic principles, which would give 
rise to a mineral possessing the above chemical compo- 
sition. 

Silica 52 contains of base 26 X Sp. gr. 2.0 52. 0 

Alumina. . 1!) contains of base JO X Sp. gr. 2 .0 — 20. 0 

Lime JO contains of base 7 x Sp. gr. 4.0 = 2H. 0 

Oxide of iron 15 con tains of base 12 xSp.gr. 7 8 r= 93 .6 
Soda 4 contains of base 3 x Sp. gr. 1 . 0 = 3.0 


100 58 J96.fi 

# Now as 58 — 19C — 100 — 340. 

Consequently the specific gravity of the whole would 
be no less than 3.4. The specific gravity of aluminium 
appears not to be ascertained, but probably it is not 
inferior to that of silicon, which sinks in the strongest 
sulphuric acid, and therefore is more than 1.83. 

The theory, therefore, we liavc been advocating, leaves 
the question with respect to the cause of the Earth’s den- 
sity just on the same footing as before. Those who are 
of opinion, that the latter may be explained by the mere 
condensation of such rocks as arc found near the surface, 
in consequence of the superincumbent weight, as certain 
metals may lie rendered heavier by pressure, are entitled 
to extend this explanation to the case of the alkaline and 
earthy bases; whilst those who regard the density of the 
Earth to be a proof, that some heavier matter must exist 
below, arc not precluded from such ft supposition, as 
our theory implies merely the existence of such a quan- 
tity of metallic ingredients, as would be sufficient, to pro- 
duce the materials ejected, leaving the constitution of 
the remainder just as open to conjecture as it was before. 

It is curious, indeed, that whilst some have argued, 
that the kind of materials found near the surface is 
5 e 2 
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Geology, inadequate to account for the density attributed to the 
Ch. HI. Earth in general ; others, as the late distinguished Pro- 
V**” fessor Leslie, have contended, that these substances would 
have their sjwcific gravity so much increased by the 
enormous pressure, that void internal spaces must be 
necessarily supposed. On this he has founded his singu- 
lar hypothesis, that the centre of the Earth is filled only 
with light, the rarest substance known ; un idea, the mere 
mention of which is sufficient to show, how little we can 
be justified in rejecting an explanation of facts, merely 
because it appears to militate ugainst the conjectures, that 
vnay be conjured up with regard to the internal condition 
of our Planet. 

Dismissing, therefore, this objection, and leaving to 
our readers full liberty to form their own conclusions 
with respect to the internal stutc of the Globe, granting 
even to such us contend for it, that an internal fluid muss 
might give rise to some of the phenomena of volcanos ; 
we conceive, that if the opposite theory can explain other 
effects, which the above leaves untouched, in addition to 
those which it elucidates, we are bound by every rule of 
sound reasoning to allow it the preference. 

Now that this is the case, wc shall attempt to show, 
hy deducing, from the supposed existence of the alkaline 
and earthy metalloids at a certain depth in the Earth, 
the several phenomena of volcanos, in the order in which 
they present themselves. 

Statement of the Theory proposed . 

We will suppose, that the nucleus of the Earth, at a 
depth of three or four miles, either consists of, or contains 
as a constituent part, combinations of the alkaline and 
earthy metalloids, as well us of iron and other more 
common metals, in the proportions indicated by the com- 
position of lava; these being combined, perhaps, with 
sulphur, and constituting various sulpho-salts, Such 
bodies are gradually undergoing decomposition, wherever 
they come into contact with air and water, but, defended 
by the crust of the Globe, as even a muss of potassium 
of a certain size may be hy a crust of its own oxide, if 
kept perfectly dry, the chemical action excited goes on 
too slowly to produce any of its more striking effects, 
unless the latter of these agents be present in consider- 
able quantity, llcnce, under our continents, the elastic 
fluids generated, and the heat evolved, show themselves 
principally, in their influence on the temperature of the 
interior, or in the phenomena of thermal waters. 

But under the sea, or in any other situation where 
the pressure of an equally large columu of superincum- 
bent fluid assists in forcing the water though the crevices 
of the subjacent rocks, the action must often go on more 
rapidly, and the effects consequently wear a more for- 
midable aspect. 

These latter, however, will occur in the middle of the 
sea less generally than on the coast, because the pres- 
sure of the Ocean itself furnishes uu impediment to the 
escape of elastic fluids, greater than that of the con- 
tiguous land, and they will in general not be constant 
but intermittent, because the heat generated by the pro- 
cess itself will have a tendency to close the orifice by 
which the water entered, first, by injecting the fluid lava 
into the fifesure, and secondly, by causing a general ex- 
pansion of the rock; nor will the water again find admis- 
sion, until, owing to the cessation of the process, the 
rock becomes cool, and consequently again contracts 
nearly to its original dimensions. 

Now the first effect of the action of water upon the 


alkaline and earthy metalloids would be, the production Goolonr* 
of a large volume of hydrogen, which will cither combine 
with oxygen (supposing atmospheric air to be present) 
or with sulphur, both being at the high temperature 
favourable to their union. In the former case, nitrogen 
gas will be given off, and this, expanded by the heat, will 
rise towards the surface, either in its free state, or com- 
bined with a portion of the hydrogen in the form of 
ammonia, which, however, will be neutralized by the 
free muriatic acid, the strongest usually present. Hence 
the sal ammoniac, so frequently found in volcanos, and 
the nitrogen given off in hot springs. 

The hydrogen not thus disposed of, combining with 
the sulphur, will form sulphuretted hydrogen gas, which, - 
for the same reason, will rise upwards in a gaseous form, 
unless it be decomposed by union with oxygen, or in any 
oilier way. 

But so long as oxygen be present, in sufficient quantity 
to combine with the hydrogen, and re-convert it iuto wa- 
ter, the sulphur will continue in combustion, and conse- 
quently sulphurous acid will be predominant amongst 
the gaseous exhalations emitted from the mouth of the 
volcano. 

So soon, however, as the oxygen is consumed, the hy- 
drogen, no longer entering into combustion, unites with 
the heated sulphur, and escapes in the form of sulphuretted 
hydrogen, which consequently, towards the close of the 
eruption, when the oxygen is expended, will predominate. 

As, however, the two gases alluded to mutually de- 
compose each other, the appearance of sulphuretted 
hydrogen from the mouth indicates, not necessarily the 
entire ubseuce of sulphurous acid at the place where the 
process is going on, but its less copious production than 
before, owing to the more scanty supply of oxygen. 

The very circumstance of the reproduction of water, 
by the rhutual decomposition of these two gases, might be 
the means of keeping up the action in a languid manner 
for an indefinite period. 

The slowness with which lava cools, would cause it to 
go on giving out, for a considerable time, sufficient heat to 
the adjoiuitig strata, to communicute to the sulphur the 
temperature necessary to occasion its combination with 
oxygen ; hence, a certain portion of sulphurous acid 
would be continually emitted, which, however, would be 
soon decomposed by the hepatic ga9 present. The water 
resulting from this process would percolate into the re- 
cesses of the rock, attack any portions of the alkaline and 
earthy metalloids that might have escaped the original 
action, and give birth to a fresh volume of hydrogen gas, 
ready in its turn to dissolve a new portion of sulphur, 
and thereby to contribute to a repetition of the same 
phenomena. Thus, no diminution in the quantity of 
water present on the surfaceof the Globe need arise from 
even an endless repetition of vol&nic processes, a com- 
paratively small portiou of that fluid fulfilling the same 
office in these great natural laboratories, which a little 
nitre discharges in an oil of vitriol manufactory ; the 
same water serving over and over again &s the carrier of 
oxygen to whatever metallic matter is capable of decom- 
posing it. just as the nitrous gas generated by the nitre 
furnishes oxygen to the sulphurous acid, owing to its 
previous conversion into nitrous acid vapour. 

The separation of muriatic acid from the common salt 
and other muriates present in sea water, is explained on 
the common principles of chemistry, by the superior 
affinity exerted by the alkaline base at these high temper- 
atures for the siiicious or aluminous earth than for the 
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acid ; and the sublimation of iron, in the state of fir 
. oligiste , a protoxide, rather than in that of a peroxide, 
may have resulted from the deoxydizi ng property of 
the sulphuretted hydrogen, at the same time disengaged. 

The carbonic acid is probably derived from the action 
of the heat on the calcareous strata contiguous, and is 
consequently given off even by volcanos that appear ex- 
tinct, owing to the long continuance of the heat, or the 
languid action going on long after the tendency to erup- 
tion has ceased. 

All the phenomena, in short, which are concomitant 
upon volcanic action, seem to admit of explanation, if we 
will only suppose salt-water, and afterwards atmospheric 
* air, to find admittance to cavities in the interior of the 
Earth, where they can come into contact with the metals, 
and the earthy or alkaline metalloids, combined with sul- 
phur, there existing ; and if it be objected, that the pre- 
sence of air in the interior of a volcano, in sufficient 
quantity, seems problematical, we may reply, that as 
the first effect of the heat would be to produce a soften- 
ing of the contiguous strata, it must necessarily happen, 
that the evolution of so large a portion of elastic matter 
would have the effect of bearing them up to a certain 
distance round the focus of the volcanic action. 

This aperture would undoubtedly be occupied in the 
first instance by the gases given off by the volcano itself ; 
but the slightest intervnittence, or even inequality in the 
process, would occasion a partial vacuum, which the air 
of the atmosphere would immediately fill. 

Wc may fortify these conclusions by the authority of 
Sir El. Davy, who in a Memoir on the Phenomena of 
Volcanos , published in the Philosophical Transactions 
for 1828 , remarks, that there was every reason to suppose 
in Vesuvius the existence of a descending current of air ; 
that the subterranean thunder heard at such great dis- 
tances underneath the mountain, is almost a dembnstra- 
tion of the existence of great cavities below, filled with 
aeriform matter; and that the same excavations, which in 
the active state of the volcano throw out during so great 
a length of time immense volumes of steam, must, there 
is every reason to believe, in its quiet state, become filled 
with atmospheric air. 

lienee, perhaps, we may explain a phenomenon that 
has been noticed during the continuance of an eruption, 
namely, that of the air being heard to rusl> through the 
various spiracles of the mountain, with a loud, and as it 
is represented, an almost musical sound. 

Notwithstanding, therefore, the respect we entertain 
for the authorities, both in this Country and on the Con- 
tinent, which, in discussing these two theories, appear to 
have thrown their weight into the opposite scale, we are 
still disposed to prefer the chemical one just laid down, 
to that which, in contradistinction to it, we shall venture 
to denominate the mechanical one. 

Not one of the supporters of the latter view has, so 
far us our information extends, attempted to do that, 
which alone can exalt an hypothesis, from the rank of a 
mere vague suggestion of the fancy, to that of a rational 
and satisfactory solution of a physical problem : none of 
them has undertaken the task of taking up, one after 
the other, the phenomena that have been observed to 
occur during the different stages of volcanic agency, and 
showing their respective agreement with the principle 
laid down at the commencement. 

This we have at least endeavoured to accomplish in 
the foregoing pages ; and until the same shall have been 
effected by the advocates of the rival theory, we must be 
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excused for adopting that view, which, even if less simple, Geology, 
we are at least entitled to consider for the present more *'h. Ilf. 
adequate to embrace all the conditions of the problem V|rir ^ 
to be solved. 

Neither should it be forgotten by those who object to 
our views, on the ground that the existence of the metal- 
lic bases of the earths and alkalies in the interior of the 
Globe is imaginary, that so likewise is that of their own 
fundamental postulate — the mass of melted matter in 
the interior of the Globe which they assume ; whilst the 
high temperature belonging to the crust of the Karth, 
wherever it is out of reach of atmospheric changes, so 
far from affording nny independent proof of their position, 
would be an almost necessary consequence of such che- 
mical processes as those in which we suppose volcanic 
action to originate. 

PART If. 

DESCRIPTION OF ROCKS, ATTRIBUTED It) VOLCANIC 

ACTION TAKING PLACE UNDER CIRCUMSTANCES 

DIFFERENT FROM THOSE BEFORE CONSIDERED. 

Section 1. 

On Trap Rocks. 

Introduction . 

Having now concluded our intended sketch of the 
phenomena of existing volcanos, and attempted to ex- 
plain the causes from which they originate, we have to 
consider in the next place, the influence which they 
may have exerted on the condition of our Planet, the rocks 
that have been produced by their operations, or altered 
in character unci position by their agency. 

It is this part of the inquiry, which connects the sub- 
ject of volcanos with the other investigations of Geo- 
logy, and renders their study of interest, not merely to 
the Chemist and the Natural Philosopher, but likewise 
to all who would attempt to explain the condition, past 
or present, of the Globe we inhabit. 

Wc shall begin then, by considering the rocks, which, 
though differing in some respects from those produced 
by volcanos at the present day, appear to us, neverthe- 
less, to be derived from the same cause acting under 
somewhat altered circumstances. 

There are few parts of the World, that do not offer 
examples of those rocks, which are comprehended by 
Geologists under the name of trap, including, as it does 
in its most extensive signification, on the one hand, 
basalts, greenstones, syenites, and wucke, and on the 
other, porphyries with base of felspar or clay stone. To 
each of these general subdivisions are annexed sundry 
mechanical aggregates, in which pebbles or ungulnr 
fragments of the rocks above mentioned constitute the 
prevailing ingredients. 

Basalt 

The first of these, basalt, appears to be an intimate 
mixture of compact felspar, either with hornblende, with 
augite, or with both. It is sometimes of an uniform 
texture, but more commonly contuins imbedded crystals 
of olivine, augite, felspar, and titanifcrous iron ore. 

Its decomposition seems to give rise to the substance 
called wacke, a rock of a dull earthy appearance, and a 
dark greenish rr reddish colour, which, when it admits 
of being examined, appears to be composed of augite or 
hornblende, with felspar, altered from the effects of 
weathering or other causes. 
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Ciwolop. Greenstone . 

CL. The rock culled greenstone is a granular aggregate of 

those minerals, which in basalt are so intimately mixed, 
as lobe un distinguishable by the naked eye. It, therefore, 
consists essentially of felspar, either with augile or with 
hornblende, but the predominance of one or other of the 
two latter minerals over the felspar, communicates to the 
general mass that greenish colour from which its name 
is derived. Thus the term hornblende includes both 
the rock denominated diabase, and that called dolerite, 
by Bronguiart; it may also comprehend, in a Geological 
sense, the hypersthcnc rocks noticed by Dr. Maccullocli 
in Sky, and other parts of Scotland, where the mineral 
called hypersthcnc takes the place of the augite or horn- 
blende which generally belongs to it. 

Syenite . 

Syenite differs from greenstone rather in the propor- 
tion, than in the nature of the minerals that compose it. 

It consists essentially of felspar and hornblende, but 
the greater predominance of felspar imparts to the mass 
a lighter colour. Quartz is also a frequent ingredient, 
and mica sometimes occurs imbedded. 

C/uystone Porphyry. 

Syenite, therefore, forms the connecting link between 
this class of trap rocks and the second, where the basis 
is either of felspar or claystone, which latter is probably 
only a more earthy and disintegrated condition of the 
former mineral, bearing the same relation to compact 
felspar, which wacke appears to do to basalt. The 
crystals, which impart to this rock its porphyritic cha- 
racter, are necessarily of felspar, but others are often im- 
bedded, such as quartz, inica, augite, or hornblende. 
Where the basis is claystone, the rock is called claystone 
porphyry; where it consists of compact felspar, the 
name of felspar porphyry is applied to it. 

In other cases, it consists of that slaty and splintery 
species of felspar, denominated clinkstone, and then is 
usually known by the name of clinkstone porphyry. 

More rarely the porphyritic structure is not discerni- 
ble, in which case the rock is called simply, claystone, 
compact felspar, or clinkstone, according to the nature 
of its constitution. 

With this, or the foregoing class, arc sometimes 
associated other rocks, which appear, from the analogy 
of their structure and chemical composition, to have been 
formed by similar natural processes. 

Such are the hypersthene rocks above noticed ; and to 
this same denomination appear to belong the serpentine 
rocks which occur in primitive, transition, and even in 
secondary formations. Serpentine seems to consist of an 
intimate mixture of the mineral termed diallage, with fel- 
spar; and, when it occurs in a granular condition, con- 
stitutes the gahbro of the Italians, or the euphotide of 
Bronguiart. It, therefore, hears the same relation to the 
latter, which basalt does to greenstone. 

Pitohstone. 

Another rock belonging to this series is pitchstone, 
which either consists wholly of the mineral so denomi- 
nated, or of a basis of that mineral with crystals of 
glassy felspar, by which it is rendered porphyritic. 

It may, perhaps, be considered, rather as a particular 
form or condition of felspar or basalt, than as a distinct 


substance, holding to these minerals a relation similar G*olora. 
to that which obsidian does to lava. ^ ***• 

There ought, therefore, to be two species of pitch- 
stone, the one associated with basaltic, the other with 
felspatliic traps, but the rock commonly so denominated 
appears to be allied to the latter. 

The above- mentioned rocks are found in two different 
conditions, distinguished by the presence or absence of 
cells and cavities ; the former may be denominated com- 
pact, the latter vesicular; terms, which include the •corre- 
sponding states in which modern volcanic products also 
occur. Vesicular traps, however, are almost invariably 
found with their cavities more or less completely filled 
up with various crystalline minerals, especially calca- 
reous spar, quartz, the several members of the zeolite 
family, green earth, &e. ; hence they are denominated 
amygdaloids, a term which, in some Geological Treatises, 
is used to designate a distinct rock, but which in reality 
constitutes only a particular state, in which all the rock? 
of the trap family arc occasionally found. 

Thus we have, amygduloida! basalt, umygduloidal 
greenstone, arnygdaloidal wacke, and, though more 
rarely, arnygdaloidal porphyries. 

They are also found in fragments or rolled masses, 
imbedded in a basis consisting of the earthy variety of 
basaltic or felspathic trap ; in other words, either in 
wacke or in claystone. These mechanical aggregates 
are known under the generic name of tuff, being called 
trap-tuff, when the basis is of wacke, and claystone-tulT 
when it cunsists of claystone. 

Both of them bear a close analogy to the volcanic 
tufts, but differ generally in the degree of their aggrega- 
tion from the latter, the basis of which, being for the 
most part a kind of volcanic sand, possesses a looser 
degree of consistency than that which accompanies trap 
rocks. 

General Characters of the foregoing Rocks. 

The above rocks have this peculiarity belonging to 
them, that they occur in connection with all the forma- 
tions enumerated in the former part of this Treatise, 
from the oldest to the most modern, resting on them in 
irregular tabular masses, occasionally alternating with, 
and still mojje commonly intersecting them at various 
angles. 

When circumstanced in cither of the two former ways 
with reference to the accompanying strata, they have 
been denominated beds, with what propriety will ‘ufter- 
wards appear ; when disposed in the latter way they 
are called trap veins or whin dykes ; whin being a pro- 
vincial term, originally employed by the colliers in 
Northumberland to designate any hard stone, but now 
introduced into the general language of Geology, for 
the purpose of indicating a rock, consisting of basalt, 
greenstone, or wacke, traversing the strata in the manner 
that has been represented. 

We shall consider, in the first place, the general struc- 
ture of trap rocks, and afterwards, those circumstances 
which may be regarded as peculiar, either to the one, or 
other of the forms in which it is found. 

Trap rocks, in some one of their different forms, 
present examples probably of* every kind of structure 
which lias elsewhere been observed : examined on the 
small scale, we remark them arnygdaloidal, porphyritic, 
and granular; examined on the large 9 we find them in 
some instances slaty or fissile, as clinkstone, in others 
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Geology. divided into thick tabular masses, as basalt and greenstone 

^ l fre( * uentl y are * 

Prismatic Structure . 

But that which peculiarly distinguishes rocks of the 
trap family, is the tendency to split into prismatic, or, 
speaking more generally, polyedral masses, which, though 
it exists likewise in granitic and a few other species of 
rocks, is no where so frequent or so well displayed as in 
these. The columns vary in the number of their sides 
from three, to six, seven, and even twelve; they are more 
generally straight, but not (infrequently curved ; in size 
they may be said to vary, from au inch to nine feet in 
breadth, and from a foot to 300 or more in height. They 
are sometimes continuous tor a considerable space, but 
at other times arc obliquely and irregularly divided by 
fissures or joints, the convex surface of the one being 
inserted into a corresponding concavity of the other. 

The columns are usually at right angles to the direc- 
tion of the bed, but not always so; in some instances, 
indeed, they radiate from a central point, forming clusters 
of columns without any determinate direction, and still 
more commonly they are placed so irregularly as to 
iuterfcie one with the other. Sometimes in the same bed, 
one portion will be prismatic ami the rest amorphous, 
whilst every intermediate condition, from that of jointed 
columns possessing an almost architectural regularity, to 
a total absence of all arrangement, will be perceived. 

It has been usual to refer this kind of structure to the 
contraction, which the inass underwent during its cooling 
down from a melted state; and there is no doubt, that a 
prismatic structure may arise from a cause of this kind, 
as we sec exemplified in many modern lavas, and in 
the shrinking of masses of clay, starch, &c. 

13 ut there is one circumstance which seems to prove, 
that the prismatic form of trap is owing to a deferent 
cause ; namely, that in many cases the columns approxi- 
mate so nearly, that not e\en the blade of a knife can be 
thrust in between them. Now in every instance in which 
the same kind of structure is pioduced by contraction, 
theory suggests, and experience confirms, the conclusion, 
tiiat a certain interval would be left between the co- 
lumnar musses so produced. 

Spheroidal Structure . 

We must, therefore, look to some other cause for the 
columnar arrungemeut of trap, and probably the true so- 
lution will be afforded us, by considering another kind of 
struettfre noticed as existing in these rocks, namely, the 
spheroidul or globular. In this kind of structure, the rock 
is either wholly orin part arranged in balls of various mag- 
nitudes. The globular form is very conspicuous in the rock 
of the Shiunt Islands; but according to Dr. Macculloch 
does not appear to be common. A tendency, however, to 
this structure is manifested in most trap rocks, by the 
manner in which they disintegrate, those even which are 
columnar exfoliating into spheroidal forms when exposed 
to the weather. Now, it is evident, that a series of globu- 
lar concretions of trap, placed in close contact, whilst in 
a pasty condition, or in the state of transition from fusion 
to solidity, would be by mutual pressure converted into a 
succession of jointed columns, which, owing to slight 
differences in the compactness and consequent softness of 
the several parts of the mass, would rarely be exact in 
their sizes and in the number of their sides, but would 
exhibit all those variations, which, In that respect, columnar 
basalt commonly displays- Neither docs it follow, that 


they may not in some eases have shrunk, after the pris- Geology, 
nintic form has been communicated to them by mutual Ch. Ilf. 
compression, since this would begin to operate from the 
moment they ceased to be liquid ; whereas the tendency 
to contract would continue up to the time at which the 
rock hud sunk to the temperature of the bodies sur- 
rounding it. 

We conceive, therefore, that the spheroidal structure 
will be found to be the one most prevalent iu rocks of 
the trap family, und thut the prismatic is in general only 
a consequence of it; the former, indeed, arising from a 
kind of molecular attraction, which begins to display 
itself in all melted bodies, from the moment they cease 
to be absolutely fluid, up to the time at which they be- 
come completely solid. Hence, the longer the interval 
between these two points, the more fully does this dis- 
position operate, as has been shown by Mr. Category 
Watt and others, w ho have caused the particles of glass, 
and even of lava, to arrange themselves in spheroidal 
concretions, hy allowing them, after being melted, to ic- 
t urn to a slate of solidity with sufficient slowness. 

Having now considered the general structure of trap 
rocks, let us next examine the peculiarities belonging to 
either of the two conditions iu which the) exist. 

Tabular Masses o f Trap. 

One of the most common forms in which the harder 
varieties of trap are found, is iu large overling masses, 
sometimes rising into high mountains, but more ge- 
nerally capping* the summits of hills of comparatively 
low elevation. These latter sometimes would seem to 
indicate stratification, but (his appearance is owing to 
their division into large tabular masses, which again 
have a tendency to decompose, in an abrupt manner, at 
right angles to the seams of the stratification, thus pie- 
senting a series of mural pieeipices, ranging one above 
the oilier, from which the term trap, which, in Swedish, 
signifies u stair, lias been applied to them. 

in other cases they appear to alternate with the rocks 
of the country, but this appearance is most frequently, 
though not always, deceptive. Dr. Macculloch has shown, 
that many veins of trap put on a form so far parallel to 
the stratification, as, when partially viewed, to possess 
the semblance of beds. Their true nature may in tlic-e 
cases be determined by finding that the purallcliMii is 
not long maintained, but that any one such supposed 
stratum quits its place to intersect the adjoining anil in- 
cluding stratified rock, or sends ramifications through 
the whole series. (See plate v. fig. fi.) 

In a few cases, where deep sections of cliffs afford op- 
portunities for examination, it is found, that irregular 
masses lie beneath the stratified rocks in some placet, 
just ns they surmount them in others; und that, from 
these also, veins proceed lo the surface, or in other 
directions. 

Without, therefore, altogether denying, that alterna- 
tions of trap rocks with neptiiuiun deposits may occur, 
a consequence which would necessarily ensue, if •succes- 
sive formations of the former rock had taken place at 
the bottom of water, which was at the time in the act of 
producing deposits of clay, limestone, or sand ; let us go 
on to consider the case of veins or dy kes, to which class 
the great majority probably of stratiform masses of trap 
actually l>elorig. 

Dykes of Trap . 

r Iliese dvkes occur of ull sizes, from a few* inches to 
twenty or thirty yards in thickness. They extend in 
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Oology, some cases many miles in length, as in the case of the 
Ch. 111. great Cleavelaml dyke in the North of England, which 
has been traced in a direct line more than seventy miles. 
They seldom ramify, blit pursue their primary direction 
in one continuous line. They are usually intersected by 
fissures at right angles to their walls, and are thus divided 
into irregularly prismatic concretions. 

They often penetrate rocks belonging to different epochs, 
and wherever the circumstances of the country allow us 
to follow them for any distance, have been found con- 
nected with some great mass of the same material. From 
their superior hardness and durability, they generally re- 
sist decomposition better than the rocks which they 
intersect, and consequently 6tand out above the surface 
of the ground, like walls of stone, whence, indeed, they are 
termed dykes: the term wall and dyke being synony- 
mous in North Britain. Their efTccts upon the contigu- 
ous rocks are very remarkable. The latter are often 
thrown down on one side, and elevated on the other, as 
if by the forcible intrusion of the trap. The same 
thing occurs, when two trap dykes cross one another, 
that which has been shifted being considered as of the 
greatest antiquity. The contiguous rock is variously 
altered according to its mineral constitution, If it be 
limestone, it is often rendered hard and crystalline, like 
marble ; if shale or slate day, it is turned into a sub- 
stance resembling flinty slate or porcelain jasper ; if 
sandstone, it is rendered hard, and, in a few cases, pris- 
matic ; if it be gneiss, it is converted into a kind of 
hornstonc. (Nigg near Aberdeen.) 

But the most striking alteration is observed, where the 
dyke intersects the eoal strata. In some cases (Cleave- 
land) the substance of the coal in immediate contact with 
the trap is converted into soot, whilst at a little distance it 
is reduced to a coke or cinder, wholly destitute of bitu- 
men. The roof immediately over the coal is lined with 
crystals of sulphur, which may have been sublimed from 
tile coal. 

Nevertheless these effects do not appear to be univer- 
sal, and it sometimes happens, that a dyke will traverse 
a series of rocks for a vast distance, without in the least 
affecting them. They are also much more commonly 
produced by dykes, than by overlying masses of trap, 
though the case of the Meisner shows, that a similar 
intlucucc is sometimes exerted even by a bed of green- 
stone overlying coal. 

Origin of Trap Rocks. 

Such then are the principal facts that seem agreed 
upon, with respect to the composition, structure, and po- 
sition of trap rocks ; and the conclusion, to which the 
greutcr part of them evidently point, is, that they have 
been produced by igneous action of a kind similar to that, 
by which volcanic products are forming at the present 
day. 

Their chemical constitution can hardly be held con- 
sistent with any other supposition, for they have been 
found by Kennedy to agree very nearly in this respect with 
those volcuiiic products, which they most resemble mine- 
rulogicnlly, consisting, like the latter, of compounds of 
silica, with aliiinine, lime, and an alkali, commonly po- 
tass ; substances, which have been never known to enter 
into chemical union, except under the influence of a high 
temperature, and have not yet been found as parts of 
any neptuuian deposit, except as rolled masses derived 
from another quarter. 

The general correspondence in nmicralogical character, 


which may be traced betwixt trap and volcanic rocks, is Geology* 
still more conclusive. Thus the basalts of the one find ch * 
their analogues amongst the augitic lavas of the other ; ' 
the syenites and greenstones correspond with the grey- 
stoucs or teph rines, and the daystone and felspar por- 
phyry with the trachytes that accompany modern 
volcanos. We even discover occasionally, in the midst 
of the products of volcanos, that have been in action 
since the valleys of the country were excavated, and. 
therefore, nt a recent period, rocks so nearly identical in 
diameters to those which usually are considered as trap, 
that we cannot deny that the latter are, in fact, produced 
by volcanic processes. Of this kind are the basaltic 
colonnades, which occupy the bottom of the valleys in the 
Vivarais, ami have evidently been derived from the vol- 
canic craters above them. The mineralogical and che- 
mical composition, as well as the prismatic structure, of 
these basalts, are precisely the same as those met with 
in trap districts; the only distinction that can be per- 
ceived being, the presence of void cells or cavities of very 
minute size, which seldom exist in the older traps with- 
out being occupied more or less with crystalline matter. 

Neither would it be difficult to find, among the tra- 
chytes of Hungary, Auvergne, or the Euganean hills, 
rocks identical in structure and composition with the 
porphyries of older date ; as, for example, those which 
accompany the trap rocks at Sandy Brae, in the County 
of Antrim. The inferences too which an examination of 
the rocks, placed as it were at the opposite extremities of 
the series in point of antiquity, could not fail to suggest, 
are greatly confirmed, by observing the appearances pre- 
sented by those which belong to an intermediate age. 

From whatever cause it may have arisen, it is at least 
certain, that, connected with the deposits belonging to 
the tertiary periods, is found a class of rocks, which, if 
regarded us volcanic, seem often to present the characters 
of trap ; and if considered as trap, to put on frequently 
the characters of recent volcanic products. Such are the 
formations in the Val di Noto, in Sicily, in several parts 
of Italy, in Auvergne, in Hungary, and in other parts 
of Europe, all of which have been traced to one particu- 
lar period in the history of our Planet ; namely, one sub- 
sequent to that at which the chalk appears to have been 
deposited, but antecedent to that in which the Earth was 
peopled by jts present inhabitants. 

Nothing, it is clear, could ufford a more striking proof 
of an identity in the origin of trap and volcanic rocks, 
than this apparent transition from one to the other, in 
proportion as the circumstances under which ihdy were 
formed came more and more to resemble those of the 
present time. 

Wernerian Theory with regard to Trap . 

Yet, notwithstanding this accumulation of evidence in 
favour of the community of their origin, it is no long time 
since the opposite opiniou was espoused by some of the 
most distinguished Geologists in Europe, and a theory, 
at once clumsy and gratuitous, was invented, for the pur- 
pose of explaining, without having recourse to igneous 
agency, the position occupied by trap rocks, which lie 
incumbent on whatever stratum might chance to be 
uppermost. 

No doubt, the weight attached to the name of Werner, 
who was regarded not unjustly as the father of scien- 
tific Geology, gave to his views on this subject a cur- 
rency, which they would not othewise have obtained, but 
even his authority would not have induced his disciples so 
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Geology., generally to adopt his opinion, hud there not been 
Ch.Hl. difficulties in the way of the opposite doctrine, which 
served in some degree ns u set-off to the glaring 
absurdities of their own. We ought indeed, in candour, 
to suppose, that the Neptunians, ns they were called, 
agreed only in rejecting the volcanic theory of trap as 
supported by insufficient evidence, and that the majority 
of them entertained no very decided views with regard 
to the manner *in which it was really formed. Werner, 
indeed, had called up the ocean to the very summits of 
the hills, at a period subsequent to the deposition of the 
other rocks, in order to overspread the Earth with the 
materials' of his newest fhutz trap formation ; but his 
followers must have regarded this merely in the light ol 
an hypothesis, brought forward in order to show, that 
other possible modes of accounting for the origin of trap 
might he imagined, without invoking the aid of the God 
of Fire. 

We shall not, therefore, concern ourselves with this 
hypothesis, to which few probably ever attached implicit 
confidence, hut will merely consider, what was the nature 
of those difficulties, that induced so respectable a class 
of Geologists. not very long ago, to withhold their 
assent from the position, that trap rocks were the vol- 
canic products of an earlier period. In doing this, we 
shall particularly refer to one only of these rocks, 
*ua;r.ely, to basalt, conceiving the whole question, as to 
the formation of other members of the series, to hinge 
entirely upon the result of our inquiry with respect to this. 

Arguments in favour of the Aqueous Origin of Basalt. 

The aqueous origin of basalt was asserted, or rather, 
to speak more correctly, its igneous origin was denied, 
partly from its relations to other rucks, and partly from 
its own composition, structure, and position. 

Jt was shown to pass, on the one hand Snto’grccii- 
slonc, and on the other into wacke, both which sub- 
stances, it was argued, must have been of aqueous 
origin; greenstone, because, if it had imdcrgor* fusion, 
the ciystals found in it would have been obliterated; 
wacke, on account of its passage into cloy and similar 
conies*- edly licptunian deposits. 

It was also found to alternate repeatedly with these 
latter, often without effecting any apparent chunge in 
their nature. » 

The composition of basalt, it was said, contradicts 
the idea of its having been ntFocted by fire - it contains 
watery which does not exist, as had been shown by 
Kennedy, in the recent lavas most nearly allied to it — it 
contains various crystals which arc fusible at a heat below 
that at which basalt melts — ami it even envelopes masses 
of limestone, containing all their carbonic acid, and 
occasionally with their petrifactions uninjured. The 
structure of basalt is, ft was alleged, still more strongly 
opposed to such an opinion ; instead of being vesicular, 
harsh, and vitreous, like modern lavas, it was compact, 
stony, and sonorous like iron ; instead of being split into 
irregular, polyedral masses*, w ith wide, intervening spaces, 
it war, often divided into prisms affecting a great degree 
of regularity, and closely touching each other. 

Unlike lavas, it cannot he traced to a crater; nor does 
it, like them, descend into the bottoms of valleys ; but 
is found ofteir capping hilts, whilst it is entiiely uhsent 
from the low country contiguous. 

As to the similarity between basalts and lavas in point 
of chemical composition, it was argued, that this on-y 
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proved the latter to have been deiived fiom the fusion of (Sinlogv. 
trap, not the former to have been produced by heat them- rl1 - 
selves. 

Shown to hr fallacious. 

Some ol these arguments, no doubt, were founded on a 
mistaken representation of facts : thus wacke being an 
earthy kind of trap, and containing the same ingredients 
as basalt, may he produced in some instances fiom the 
disintegration of the latter rock ; and when that is the 
case, its further decomposition would gi\e rise to a rock 
no wise different from clay. All the cases, probably, ill 
which the passage from basalt to clay has been asserted, 
fall under this predicumeut. 

The greater number, too, of the cases cited, in which 
organic remains are said to have been detected in hap, 
arc equally erroneous : the rock in which they are found, 
being either a trap tuff, as in the Island of ('anna; or a 
wacke, dciived, probably, from the decomposition of 
basalt, as at Joachim slid, in Saxony; or, lastly, a rock 
altered by the contact of basalt, us the flinty slate of 
Portrush, near the (limit’s Causeway, which contains 
ammonites. 

Put, even if basalt bad in any instance been found to 
contain organic remains, this would be no more than has 
been met with among the ejections of volcanos. Thus, as 
Air. Delaboche informs us, in Signor Monticelli's collec- 
tion of VcMivian products at Naples, occur fragments of 
the compact limestones of the dishict with their organic 
remains imbedded. 

'file presence of crystals fusible at a heat below that 
required by their matrix, offers no objection to the igneous 
origin of trap, now that it is conceded, that these very 
crystals may have been pi odtieed subsequently, owing to 
the play of affinities brought about by the fusion of the 
muss, and operating timing the progress ol its return to 
a state of solidity. 

Differences b* tween Lava and Basalt rrplahud. 

I3ut there are other manifest dun uncos between 
basalts' and lavas, which icquiie to be accounted for, 
before we allow oui selves to refer the former to volcanic 
agency; namely, their gt cater compactness and more 
stony aspect, the general absence of glassy and of vesi- 
cular pi od ucts, (he more tegular prismatic structure 
which they assume, their originating in dykes, and not 
in ei .iters and other peculiarities above alluded to. 

It remains then to be s< on, what were the condi- 
tions, which caused the volcanic products of ail eailier 
pciiod to aniline an appearance in many respects so 
dilfeienl trim that which they affect at present. 

One circumstance wdl immediately occur to us, as 
establishing a distinction between the two cases. 

We have seen in the former part oft h is Treatise, that up 
to the period of the (ciliary formations, the greater part 
of the Globe, or at least of that portion of it which ha* 
come under our observation, was ••oveied to a great 
depth by water; for, although the formation of beds of 
coal, the occasional occurrence of fresh water shells, 
and that of the remains of land animals, convince us, 
that certain portions of what is now dry land was 
even ut that time elevated above the waters: still it is 
probable, that these constituted merely det.-u lied Islands 
in the midst of the abyss of ocean; and that the 
ureal bulk of our continents were at that period sub- 
merged. it follows from this, that the majority uf 
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■nl »gy. the trap rocks then formed must have been submarine 
- HI. lavas, ami hence we see at once a distinction between 
the above and those of the present day, which, when- 
ever they are presented to our observation, are neces- 
sarily subaereal, or at least consolidated only in shallow 
water. Thus in the volcanic Island recently produced in 
the Mediterranean, the products that have come under mir 
notice, are porous and vitreous, like those of Vesuvius ; 
but these, though products of a submarine volcano, have 
all been ejected into the open air, and, consequently, par- 
take of the character of subaereal lavas. 

JCffirfi of Heat modified hy Pressure. 

This distinction, fir'd pointed out by Doloniieit and 
Strange, was happily applied by Dr. Hutton, in his cele- 
brated Theory of the Earth, to account for the differ- 
ences between trap rocks and lavas, on the principle, that 
the effect of I lie liont applied would he modified in these 
two cases, by the influence of the pressure exercised by a 
superincumbent ocean upon the former, and by the ab- 
sence of any such pressure on the latter. 

“ The tendency of an increased pressure,'’ to use the 
words of his illustrator, Professor Playfair, 11 on the 
bodies to which heat was applied, is to restrain the 
volatility of those parts which otherwise would make 
their escape, and to force them to endure a me re intense 
action of heat. At a certain depth under the sea, there- 
fore, the power of a very intense heat might be unable 
to drive off the oily or bituminous parts from the 
iiiflanimublc matter there deposited; so that, when the 
heat was withdrawn, these principles might be found 
still united to the earthy and carbonic parts, forming u 
substance very unlike the residuum obtained after corn- 
bust ion under a pressure no greater than that of 
the atmosphere, ft is in like manner reasonable to 
believe, that on the application of heal to calcareous 
bodies under great compression, the carbonic acid would 
be forced to remain, the generation of quicklime would 
be prevented, and the whole might be softened, or even 
completely melted ; which last effect, though not dedu- 
eible from any experiment yet made, is rendered very 
possible from the analogy of certain phenomena.” 

These latter anticipations were soon after rcalivcd by 
the masterly experiments undertaken by Sir James 
Hall, which showed, that the carbonic acid, usually driven 
olMmm limestone hy the action of heat, may be retained 
in combination with it hy a pressure greatly inferior to 
that of the present ocean ; and that the calcareous mat- 
ter under such circumstances enters into fusion at a 
temperature, which it completely resists when this elastic 
material is expelled. 

Sir James Hall has applied this discovery with great 
success to (lie explanation of the calcareous matter occur- 
ring in the cavities of amygduloidnl traps, anti the water 
present in those of certain agates existing in the same 
class of rocks. The same will also account for the greater 
ccllularity which modem lavas possess than the generality 
of traps, the former, even in the innermost part of the 
stream, where, owing to the pressure of the superincum- 
bent mass, their density will be greatest, exhibiting a 
nuinU*r of minute vesicles, the existence of which serves 
to distinguish them from ordinary basalt. 

Not that we must suppose all trap rocks to be destitute 
of cells, any more tlian we arc warranted in inferring, 
that all the eruptions that took place at these periods 
necessarily occurred in deep water. 


The existence of amygdaloids, such a** are the toud- Geology, 
stones of Derbyshire, seems to imply, that the pressure ^h. III. 
under which certain traps were formed was not suffi- N 
cient to prevent the disengagement of aeriform fluids ; 
for it is difficult to reconcile this phenomenon to the theory 
of Sir James Hall, who imagined that such cavities were 
caused by the infiltration of the crystalline mutter, which, 
when it entered into fusion with the whinstone, kept 
separate from it, as oil does from water. If this had been 
the cause of the cavities, they ought to be entirely tilled 
with crystalline matter, which is not the case. Neither 
is the presence of crystalline matter occupying the cavi- 
ties a fact absolutely without exceptions. Dr. Maccul- 
loch instances the trap of Little Cumbray, in the Kyles 
of Buie, us consisting of vesicular lava, so light as 
almost to float on water, having its cells entirely empty, 
and with a glazed, internal surface, like that of volcanic 
scoria*. 

But these partial exceptions will not be considered as 
sufficient to invalidate the general position, that traps 
are of submarine origin, until some Geologist will either 
undertake to explain, on some other principle, the differ- 
ences allowed to subsist between them uml lavas, or will 
point out the inadequacy of Sir James Hall’s theory to 
account for these points of distinction. 

IV hy submarine. Lavas cool slowly . 

It is true, tliut the stony aspect of basalt, and the 
crystalline or granular appearance belonging to green- 
stone and other members of the trap formation, are less 
obvious consequence* of the principle therein assumed. 

But it will not be difficult to show, that, although a hotly 
of shallow water, from the more rapid cooling it would 
occasion, was likely to favour the formation of vilieous 
products even more remarkably, than that exposure to 
the atmosphere which sub. ideal lavas undergo ; yet deep 
water would possess the opposite tendency so com- 
pletely, that we ought to meet among submarine lavas 
few Mibstanees of this description, except where the 
material had been injected in thin streams into the. 
fissures of a rock, possessing a different temperature, and 
therefore capable of robbing it of its heat in a more rapid 
manner. 

Tn order to understand this, we need only recollect, 
that the. cooling agency of water under ordinary circum- 
stances, is owing, not to its being a good conductor 
of calorie, but to the circulation induced in the strata 
of that fluid when heat is applied to it. 

This circulation is effected in two ways : in some 
degree, by the healed particles of water ut bottom be- 
coming specifically lighter, and consequently displacing 
those above, but in a still greater degree, owing to the 
absorption and subsequent disengagement of caloric, 
caused by the conversion of successive portions of water 
into steam, and their return to their original condition, 
when they come into contact with the supernatant 
liquor. 

Now it seems almost a corollary from the laws esta- 
blished by Sir James Hall, and others, that at the bottom 
of the ocean none of the water could be converted into 
stenm ; for if, as this writer infers, the pressure was 
sufficient to preserve water existing in the very midst of 
the lava (where the heut must he supposed to be at its 
maximum) in a liquid form, still more completely would 
it prevent that, which was incumbent on the heated 
muss, from assuming a gaseous condition inconsequence 
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of the heat communicated from below. It seems pro- 
bable, therefore, that, as water is in itself a slow conductor 
of heat, the cooling of submarine lavas ought to proceed 
still more leisurely than that of suhaereal ones is found 
to do, and hence that their component parts would 
remain for a still longer time in that intermediate con- 
dition between fluidity and solidity, during which, ns 
Mr. Gregory Watt and others have satisfactorily shown, 
the particles, released from the controlling power of 
cohesive attraction, and yet brought within distances 
favourable to the play of their mutual affinities, enter 
most readily into new combinations, and assume those 
crystalline arrangements which are natural to them. 

Perhaps, likewise, the superior density of submarine 
lavas, the general absence of cells, and their not sending 
forth to the same extent those emanations of gaseous 
matter which appear to proceed from modern currents, 
might contribute to the same effect by still further pro- 
longing the period of cooling. 


Prismatic Structure accounted for . 

The same considerations may explain the prismatic 
structure belonging to many traps, w'hich we have shown 
to have resulted from the tendency to form spheroidal 
concretions, naturally assumed by such rocks on being 
allowed to cool slowly. Instances of this same struc- 
ture are stated to occur amongst modern volcanic 
formations; as by Mr. Scrope, in the interior of the 
crater of Vesuvius, as displayed in 1N22; and by 
Breislac and others, in the lower portions of a lava bed 
at Torre del Greco. It is certain, however, that such 
cases are rare, and that those igneous rocks of recent 
origin, in which an approach to such a structure is ob- 
servable, appear for the most part to have derived it 
rather fiom the contraction occasioned by sudiled cool- 
ing, than from the mutual pressure of spheroidal concre- 
tions taking place during a more gradual one. 

Such are the columns of !a\a worked into millstones 
at Niedermennig, near Andernach, which manifest their 
real origin by gradually approximating more and more, 
until at a certain depth they become united into one con- 
tinuous mass. Such also are the rude columns observed 
near Torre del Greco, belonging to a bed of Java that 
had flowed into the sea, the result evidently#)!' the rapid 
cooling thereby occasioned ; and in another instance from 
the same locality, in which, as Professor Lyell obser\es, 
“ the rock may rather be said to be divided into numerous 
perpendicular fissures, than to be prismatic, although 
the same picturesque effect is produced. In the lu\u 
currents of Central France, (those of the Yivarais in 
particular,) the uppermost portion, often forty feet or 
more in thickness, is an amorphous inass passing down- 
wards into lava, irregularly prismatic ; and under this, 
there is a foundation of regular and vertical columns, in 
that part of the current which must have cooled most 
slowly. Hut the lavas last mentioned ure often one 
hundred feet or more in thickness, and we cannot expect 
to discover the same phenomenon in the. shallow cur- 
rents of Vesuvius, although it may be looked for in 
modern streams in Iceland, which exceed even those of 
ancient France in volume/’ 

Now the greuter frequency of prismatic rocks in sub- 
marine than in subaereal volcanos is explained, by 
reflecting, that the slow cooling essential to that struc- 
ture, which in the latter is accidentally, or in a few cases, 
brought about by the remarkable thickness of the mass 


superincumbent, and that only in the lower portions of 
the bed, is caused in tlu* former throughout, by the vast 
pressure of the ocean above, whatever mav be the sup- 
posed thickness of the bi d itself. 

Greater frequ • ncy <f Dykes . 

With regard to the next point to be considered, namely, 
the absence of craters, and the greutei hequcncy of dykes 
in trap rocks, it must be admitted, that we are rather 
unfavourably circumstanced in order to driov a correct 
coinpatisou between these* and mole recent volcanic pro- 
ducts in the latter particulars. The eralei.s of submarine 
volcanos, when composed of loose fragments, would be. 
exactly the portions most likely to have been swept away 
by tiie currents of the ocean, or other causes ; whilst n 
they consisted of lavas, they might indeed remain, and 
yet all vestiges of their original ( onflguruLion be oblite- 
rated by the rocks superimposed. 

It would be rash therefore to assert, that craters never 
have existed, because we do not discover any traces of 
them at present. On the other hand, it is only wlieie 
accidental circumstances reveal to us the inteiniil structure 
of a modern volcano, that we can expect to find dykes, 
and there we do occasionally mc«t with them. Thus they 
are well known to exist on the sales of the old crater of 
Monte Nomina, (see pi. v. tig. f>.) and Professor Lyell 
has noticed the same in that oi Vesuvius at present ; these, 
however, are probably piodueed by .the tilling up of open 
fissures with liquid lava, which had occupied (lie hollow 
of the crater, and therefore do not precisely resemble in 
the mode of their formation those trap dykes winch 
exist in older rocks, the results of an injection of liquid 
lava into the fissures, through which it made its escape 
to the surface. 

In order fairly to compute together the action of ancient 
and modern volcanos in this respect, we. ought to refer 
to sections of some modern volcanic mountain, taken at a 
distance fiom its crater, of which some id' the Lipuri 
Islands afford us good examples, (sec Dnuheiiy’s ])c- 
srrip/ions of Volcanos, and pi. v. tig. 1 and 2,) as also 
docs t lie Val de l)uve in Ltua, described by J*rolcssor 
Lyell. (See pi. v. fig. 3 and 4.) 

There we shall see dykes, which, though tniucniliigi- 
eally resembling modern lavas, correspond, in their rela- 
tion to the contiguous rocks, to the trap dykes described 
by Dr. jMacculInch in his U intern Islands , ns run- 
ning tor a considerable space parallel to the strata, 
though originating in some great mass of trap under- 
neath. (Nci* pi. v. H «.*■- (i.) 

Nevertheless, although it is impossible by a direct 
appeal to acts to establish beyond the reach of cavil the 
greater frequency of dykes amongst submarine volcanos, 
yet probability is ccrluinly in favour of such an assump- 
tion. 

“ If volcanic forces,” remarks Professor Sedgwick, 
“ ever have acted on a great scale upon unbroken and 
nearly horizontal strata, especially while such strain 
were under the pressure of the sea, die formation ot 
tabular and vertical masses of lava appears a natural 
consequence of such action. Where, on die contrary , the 
pressure of the sea is removed, and the crust of the 
earth is broken through, vulcanic fluids will find a icady 
escape, eruptions ot lava will be confined to one spot, 
and the operations will be of a class altogeiher dillei ent/’ 
(Sedgwick's (i culm of llt%h / ctsiluh ) 


(uvlo„y, 

rh. n i. 


r» i m 



756 


G EOLO G Y. 


Geology* Trap Rocks , at what Periods formed . 

Ch. ill. 

The admission, that trap rocks are lavas, tends very 
much to enlarge our ideas with respect to the extent of 
volcanic action at different periods. 

From the occurrence of these products in connection 
with e\ery secondary formation, from the earliest down 
to the most recent, the chalk, it might be concluded, 
that volcanic action had taken place during every one of 
these successive periods; hut, except when they can be 
proved to stand in the relation of beds interposed 
between the strata, such an inference would not be 
warranted. 

Let us take, for example, the oldest rock with which 
any considerable mass of trap is associated in Great 
.Britain, namely, the carboniferous system of the North- 
ern Counties, and that in the neighbourhood ot Glasgow 
and Edinburgh. 

Tiie former of these, namely the coal field of North- 
umberland, is associated with many very remarkable 
d}kcs, overlying masses, and apparent beds of t rap, but 
the most considerable of the hitter, the great whin-sill, 
which is seen arranged conformably with the carbonife- 
rous limestone of Teesdale, and the Northern limestones 
of Northumberland, has been pronounced by Professor 
Sedgwick to bo. in fact a stupendous dyke, or collection 
of d\kes, which has been injected laterally between the 
strata. He, however, is inclined to refer the injection of 
this as well as of the majority of the trap rocks of that 
neighbourhood, to a period antecedent to the magnesian 
limestone. Mr. Hutton, and Mr. Phillips of York, differ 
from the professor in their view of the origin of the 
whin-sill, regarding it as in great measure formed by 
periodical submarine eruptions of lava, which took place 
at intervals during the deposition of the carboniferous 
strata with which it is associated. In either case, there- 
fore, much of this extensive basaltic formation is allowed 
to be of a date as ancient as the carboniferous rocks 
themselves. 

The trap rocks of Staffordshire, on the contrary, con- 
stitute overlying masses, which may either be contempo- 
raneous with the coal measures on which they rest, or 
may have been of a date much posterior. 

Lastly, the trap rocks near Glasgow are so connected 
with those of the Western islands, as the latter again 
are with those of the County of Antrim, which are 
posterior to the chalk, that we should be led to assign 
a much later epoch to their ejection, and likewise, per- 
haps, to extend the same inference to those in the vicinity 
of Edinburgh. 

Thus we have three cases brought together, in which 
trap rocks are associated with the same system of rocks ; 
the one of which is of a date antecedent to the magne^ 
Man limestone, or at latest contemporaneous with it, the 
third of the same age as the chalk, and the second 
doubtful. 

hi Derbyshire we meet with an apparent alternation of 
buds of trap called toadstone, which are more generally 
amygdaloidal, but occasionally compact, with the carbo- 
niferous limestone formation. But before we absolutely 
decided that the two are contemporaneous, it would be 
necessary to establish more completely than has yet been 
done, that they are conformable. If this be not the case, 
they may have been ejected long subsequently. 

The most extensive, however, and in all respects 
t lie most interesting svstem of trap rocks, found within 
the compass of the United Kingdom, is that which 


occurs in the Western Islands of Scotland, and which Geology, 
appears to be continued on in the County of Antrim, in Ch. 111. 
Ireland. It is interesting, not only from the numerous 
sections which its situation near the coast supplies, but 
likewise from the circumstance, that it is not mixed up, 
as those in other instances are, with the volcanic rocks 
of an intermediate period, no remnant of the operations 
which occasioned it being discoverable, either by the 
existence ofliot springs, emanations of carbonic acid, or 
even earthquakes of any remarkable kind in the conti- 
guous country. 

H nilbrds us, therefore, the means of comparing the 
products of submarine volcanos with those of subaereal 
ones, and at the same time of inferring, on evidence as 
conclusive, perhaps, as the subject itself can ever admit 
of being adduced, that volcanic action has in some in- 
stances expended itself, or at least has periods of rest 
beyond comparison longer in some cases than ill others. 

Now either of these suppositions seems more consistent 
with the chemical theory, which imagines a definite 
quantity of combustible materials to be present in parti- 
cular situations, than with the opposite one, which con- 
ceives the existence of an unexhausted fountain of 
melted matter underneath, such as should either gush out 
continually, or at least flow at intervals more approach- 
ing to regularity. 

The trap rocks of the Hebrides manifest themselves 
under all the forms which have before been alluded to ; 
but it would seem from the observations of Macculloch 
and others, that the apparent alternations which have 
been remarked between them and the rocks of the coun- 
try, are merely caused by dykes intruded laterally between 
the fissures of the strata. Hence we are only sure, that 
a considerable part at least of these trap rocks is poste- 
rior to the most recent of the strata found associated 
with them, and the latter appear from the researches of 
Mr. Murchison to belong to the oolitic series. 

But there is no evidence, that they may not be much 
later; for the basalts of the Giant’s Causeway, on the 
opposite coast of Ireland, intersect the chalk, and are, 
therefore, posterior to that formation. 

It is true, that Dr. Macculloch has shown, from the 
occurrence of tiap nodules in a conglomerate rock of 
Kerrera, that trap rocks must have been formed at a 
much earlier period ; ( Western Islands , vol. i. p. 114 ;) 
hut, as we cannot on any supposition refer the whole to 
this epoch, we are quite at liberty to adopt any inferences, 
to winch the facts may appear to lead, with respect 
to the age of the principal portion of that found in the 
Hebrides. 

Perhaps, therefore, the Wcrnerians were not altogether 
wrong, in referring the great overlying masses of trap, 
that they observed in Saxony and elsewhere, to one epoch, 
and that the most recent, which, in the then existing 
state of their ignorance with respect to tertiary rocks, 
they were able to recognise, designating them by the name 
of the newest flcetz trap formation ; for although we may be 
compelled to acknowledge, that these rocks are of several 
distinct periods, and that in a great majority of cases their 
dute is uncertain, still it seems by no means improbable, 
that the most extensive eruptions of submarine volcanos 
took place about the period just alluded to. 

This is rendered more agreeable to analogy, when we 
r emark, that by far the most extensive manifestations 
of volcanic agency appear to have occurred, either at a 
period contemporaneous with that to which we have sup- 
posed the trap rocks to belong, or at oue immediately 
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subsequent to it, (hat is, during the deposition of the 
different tertiary formations. 

It is remarkable, at least, that all the extinct, as well 
as all the active volcanos, which have been as yet ex- 
plored, may be traced up to this period, regarding, that 
is, os we have a right to do, all the volcanic rocks of 
a district as emanating from the same focus of action. 

Tims the lavas of the Vul di Noto alternate with rocks 
which appear to be tertiary; as also do those of Auver- 
gne, of Hungary, of Styria, and of the North of Italy ; 
so that, whether we regard the trap rocks of the Hebrides 
as contemporaneous with the latter, and attribute their 
greater compactness to the depth of water under which 
they were ejected, and from which they may have since 
been upraised, or whether we prefer to consider them as 
produced somewhat earlier, Mill we shall find equal 
reasou for concluding, that during the period comprised 
between the date of the deposition of the chalk, and that 
of the creation of the existing races of animals, circum- 
stances were peculiarly favourable to the dcvclopenicnt 
of volcanic operations. 

It is remarkable, too, that trachyte, properly so 
called, seems almost confined to this intermediate period ; 
for although Humboldt speaks doubtfully as to the 
position of this rock in the New World, yet in the Old, 
it is found in a number of instances posterior to some of 
the tertiary rocks, and we know of no instance in which 
it is decidedly proved to be of greater aut iquity, whilst its 
rarity amongst lavas of modern ejection would teem to 
show, that it was not, under ordinary circumstances, a 
product of existing volcanos. Whether this circumstance 
is to be regarded as the cauac or the effect of that dela- 
tion of a large portion of our continents from the sea, 
which took place at this epoch, it may be difficult to say ; 
but it is certain, that both events may be traced to nearly 
the same period ; and hence we observe amongst Jhe vol- 
canic rocks of this age, that singular intermixture of 
compact with cellular, of glassy with lithoid lavas, which, 
at the same time that it uflbrds the most decisive evi- 
dence of the igneous origin of trap, indicates the different 
circumstances under which these rocks were formed ; 
sometimes under the pressure of water, and at other 
times elevated above it. 


Section 2. • 

On Granitic Rocks. 

The circumstances under which the germs of igneous 
energy may be excited to activity, are so various, that 
even amongst volcanic products poured into the atmo- 
sphere, there is great local diversity. If wc remember 
that, for the most part, the phenomena of submarine 
volcanic action are wjiolly concealed from our view, we 
shall be prepared to expect that among the masses for- 
merly produced by it beneath the bed of the sea, and 
uplifted by subsequent c.nnvulsious to the day, many 
varieties of rocks should be met with, differing very 
greatly from the products of actual volcanos. As the 
fur greater portion of volcanic effects takes place in the 
deep parts of the earth, where the rocks remain to be 
again and again exposed to new influences, it is reason- 
able to suppose that the products collected from volcanic 
vents form but a small part of the series. 

The subterranean lavas, now in course of production 
and consolidation, could they be uplifted to the day, 
would be found very different from the superficial lavas, 


and far more extensive and abundant. Though, as the Geology, 
preceding section has shown, there he many close analo- c 11 1 - 
gies between ancient and modern igneous rocks, we 
ought to expect that the most abundant of these old 
rocks, while they afford sufficient evidence of their being 
generated by heat, should appear different from ordinary 
lava. Granitic rocks are exactly in this case; they are 
far more abundant than the trap rocks, which most 
closely imitate volcanic products, und have a different 
general character. Yet as between superficial and sub- 
terranean lava every variety of products may be expected 
to occur, corresponding to the various conditions, we 
find between granitic and basaltic rocks so many inter- 
mediate varieties, that it is impossible to separate by 
hard and decisive characters these extremes of the series 
of old igneous rocks. Basalt is rcafiy a volcanic pro- 
duct, in the restricted sense of the word, though not 
exclusively so ; and thus we have from vesicular pumice 
and glassy obsidian an uninterrupted series of gradu- 
ally changing aggregations to granite. 

Granite deviates on the one hand by continual do- Kecks. ifinl 
crease of the magnitude of its particles into \eiy close- ,w 
grained fclsputhic rocks, which are greatly analogous to 
cei tain kinds of porphyry ; on the other, by the substitution 
of hornblende for mica into syenite. As examples of the 
latter change, we inav instance the sycnitic granites of 
Gniachnu and Strontiau : the former is illustrated in the 
granite veins of Arran, and in tin? fine grained granite ot 
VVastdale and Duflon Bike. (Westmoreland.) In some 
cases it might, perhaps, be safely admitted, that the same 
originally fluid mass has been con* ululated partly into 
granite and partly into porphyry, according to tlie cir- 
cumstances in which the lnpidification happened. In 
the Valteline granite deviates into hypersthene rock. 

It would he a mere waste of time to repeat, for the (n m r.il 
particular case of granite, those arguments, derived from ‘O-nnunt. 
the crystalline aggregation of many minerals never 
know n to be produced from water, but several of which 
have been fabricated in the furnace, and nearly all are 
volcanic products, which establish the probability of the 
igneous origin of the whole class of plutnnie rocks. 

We have shown above that the composition ol granite 
passes by very easy steps to that of rocks whose igneous 
origin is perfectly unquestionable ; if to this wc add tin? 
fact, of granite entering cracks and fissures in con- 
tiguous rocks, as clay slate in Cornwall, hornblende 
slate in Glen Tilt, gneiss in Cumberland and at Slrnu- 
tinn, we shall have said enough in tile piesenf advanced 
state of Geology to secure the admission that gi anile, 
was generated by heat. 

The alternations which in several Countries obuiiti 


between granite and some of the older stratified locks, 
as mica, schist, gneiss, &c., seem not at all irreconcil- 
able with this view ; but they will hereafter, when rightly 
understood, be found of great value in determining s« •me 
peculiar conditions of the granitic eruptions. , 

If wo seek to understand the circumstances which IVcnh.ir 
have impressed upon granite diameters so generally ‘ “f 

distinct from those of the other plutnnie rocks, we shall l,umi c * 
find the following facts important. I. Granitic locks 
usually occur in very large masse* 5 below the whole, ora 
very large pait of the whole series of stiatu, and were 
evidently formed under the pressure cif a great body nf 
water, if not under a pile of supei incumbent strata. 

2. Thev aie so extensively spread beneath the ucptuniaii 
rocks as to deserve, perhaps more than any other, the 
title of an universal formation. .‘I. Gruiite veins, in 
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CrM.iiry. proportion to then minuteness ami distance from the 
eh. 111. parent mass, prow continually finer in the grain and 
more porpbyroidal in every respect. This effect is most 
completely seen along the sides of the veins. 4. In 
Countries where the, great masses of igneous rocks are 
granitic, as for example Cumberland, the dykes and 
smaller masses arc mostly of porphyry, or of a felspathie 
qunvt/.oso rock, of rather dubious character, which may 
hi* called syenite, porphyry, or iiumicaceous granite, 
according to the locality. Such rucks occur about. 
Wastdnle head, in St. John's Vale, under llclvellyn, and 
in High Pike. 

On comparing these general facts with Mr. O. Watt's 
experiments on the aggregation of fused basalt, there 
appears sufficient ground fur believing that the very high 
crystalline c haracter of granite is owing to its being pro- 
duced at great, depths where it was very slowly cooled 
to the point of crystallization. We may further \outurc 
the hypothesis, that porphyry is merely another state of 
consolidation of a similar felspathie compound, us trachyte 
has been supposed to be derived from older porphyries, 
or even from granite. 

( Jumpin' It appears, therefore, that among the older pyroge- 
141,11 o1 ' nous rocks we may distinguish the same two leading 
nieikMii i ,M P nm l ) ' ; lls among the modern volcanic products, chnrac- 
luius tcrised by the prevalence of some kind of felspar in the 
nicks. first, and of augite, hornblende, hypersthenc, diallage, 
or some other analogous generally ferruginous mineral 
in the second; that in each of these occurs a great 
variety in the size, distinctness, and aggregation of the 
crystals, corresponding to the circumstances of the 
consolidation and diffidences of composition of the mass. 
The following short synopsis will express some of these 
relations among the older rocks. 


Plutonic rocks are — 1. Felspathie, as granite, porpliyritic granite* 
porphyry, amygilahml.il pnrphjry, clay- 
stum?, pitchstone. 


2. Hornhlcndo, 
hypeistlu nn, \e 


Felspathie, us syenite, hy- 
persthrne lock, gahbro, 
scry ten! ine. 


j As greenstone, basalt, trap 

3. Hornblwulic, J jmipliyry, melaphyro, 

hypet sthenic, &c. j umygduloulul traps, 

x wacko. 


On reviewing this scries, and considering the manner 
of occurrence of the several members of it, we shall find 
that the prismatic structure is perhaps more generally 
developed in the augitic and fiornblciidic pyrogcnous 
rocks, than in the felspathie branch, and that in both 
groups the highly crystallized varieties, as granite, syenite, 
and greenstone, exhibit less of this character than is 
common to granular claystone and glassy pitchslone, 
or fine grained basalt and trap porphyry. 

Graniti Another thing worthy of notice, is the circum*- twice 

veins., that veins proceeding from the muss of a pyrogcnous 
rock into the small cracks and shot t fissures of a stratified 
rock are almost peculiar to granite. This phenomenon 
is hardly ever noticed along the sides of u dyke, or inter- 
posed bed of basalt or porphyiy, and is at least very un- 
common in connection with even large masses of 
greenstone. On the contrary, graniti* is very seldom 
found in dykes like the augitic and liorublendie rocks, 
though there is reason to believe that it assumes 
the form of overlying masses, and alternates in seeming 
beds with gneiss or mica slate. (S. K. of Ireland, 
p. :>t>3.) 

The variety of interesting considerations connected 


with granite will justify us in taking a more extended 
review of its mineral and chemical composition than t * ", 

were necessary while treating of other pyrogcnous rocks. Y 
(irnnitic rocks have long been regarded as the source 
of most of the ingredients of sedimentary strata ; u 
newer theory supposes that granitic rocks are con- 
tinually forming beneath our feet, in quantities propor- 
tioned to the time, by the action of subterranean heat 
upon the hydrogenous strata. On both of these points 
some further information concerning the composition of 
granite will be useful. 

Granite is essentially a felspathie rock. Whatever Felspar, 
variations happen in respect of the quantity of other 
ingredients, felspar, in a crystallized state, is universally 
the basis of granite. In graphic granite the planes of 
crystallization of the felspar are continuous for great 
spaces ; in porphyritic granite it generally happens that 
the axes of the prismatic crystals of felspar lie nearly 
in the same direction ; but in common granites it is 
probable that the crystals of felspar lie in all directions, 
like the calcareous crystals of primary limestone. The 
felspar is red, white, green, &c. 

Quartz, in a grey, transparent state, more or less Quartz, 
evidently crystallized, is almost never absent from 
granite, but its quantity is very unequal. In graphic 
granite, quartz, in a sort of interrupted crystallization, is 
engaged among the laminae of felspar, so as to assume 
angular and intersecting figures not unlike the characters 
of some Oriental language. In the porpliyritic granite 
of Westmoreland the natural faces of the large crystals 
of felspar arc impressed with very small bipyramidal 
crystals of quartz; and in other granites the quartz, 
may generally, with care, be found crystallized in this 
form, so as to present on a polished face a regular or 
elongated hexagonal section. There seems also in some 
granites a portion of uncrystallized quartz, which is 
entangled among the other ingredients in irregular 
shapes. Binary granite, of quartz and felspar only, 
is seldom met with in Great Britain. It forms part of 
Munc aster fell in Cumberland. 

Mica, the third ordinary ingredient, in granite, is Mica, 
occasionally very abundant in it; but sometimes absent. 

It is universally crystallized, generally in regular hexa- 
hcdral plain lamina?, which enter or cut into the crystals 
of felspar aiyl quartz, without being themselves inter- 
fered with. The direction of the crystals of mica is 
indeterminate; they do not occur in continuous laminae, 
so as to cause the rock to cleave ; for though porpliyritic 
granite is in a certain sense cleavuble, this arises from 
the parallelism of the crystalline axes of the felspar. 

Yet in some Cornish granites we occasionally see the 
mica aggregated together in a sort of shell, which gives 
a notion of some kind of lamination, arising. perhaps 
from a limited intestine movement of the mass. 

It is generally presumed that the th?ec most common Order of 
ingredients of granite were crystallized together; by which crystalliza- 
is meant, that the consolidation of all the crystals w as tion. 
contemporaneous, neither preceding nor following an- 
other. This seems not always exactly true. In tnuny 
cases we cannot doubt that mica was crystallized before 
the other ingredients. If we follow the indications of 
the penetration of crystalline forms, we shall find in 
several instances that (he figure of the quartz was com- 
plete before the felspar was wholly consolidated ; and 
perhaps, adding to this the consideration that the 
felspar in the solid parts of grauite has, in gencrul, only 
one, and that the primary form of its crystals, while 
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Geology, quartz and mica invariably appear in secondary forms, 
Ch. 111. we mn y ve uture to conclude that the felspar was the last 
crystallized, and, by consequence, has imparted to the 
mass its most important features. In many large 
grained granites are cavities, in which free crystallizations 
of the ingredients occur. In these cases the minerals 
show themselves in much greater variety of forms, 
especially the quartz and the felspar. The former as- 
sumes variously terminated prismatic forms ; the latter 
is in rhomboids variously modified. (Baveno ; Arran.) 
C'outcinpo The aspect of granite is very often diversified by the 
vum's* 18 occurrence of what are called contemporaneous veins ; 

a term which is meant to convey the assertion that the 
difference of character which it marks was coeval with 
the formation of the rock. In the large grained granite 
of Avran and Cornwall, the contemporaneous veins 
usually appear as long, narrow, ramifying portions of 
finer grain and a different proportion of ingredients ; 
sometimes with more mica, sometimes with less. The 
boundaiies of these “ veins” are indistinct, and the two 
structures gradually pass into one another. 

It will he readily conceived, that a stone composed of 
crystals so much independent of each other may, espe- 
cially when the felspar is not very predominant, be very 
far from solid ; it may he very full of minute fissures. 
These are often clearly enough perceived, sometimes 
partially filled with small grains of quartz, steatite, fel- 
spar, mica, &c. When the stone is by any means .sub- 
jected to decomposition, the several crystallized ingre- 
dients easily separate along these opening cracks. 
Indu'iMod It is almost unnecessary to enumerate the various 
miiuMdls. other minerals which are disseminated in granite, except 
for the purpose of showing how many minerals may he 
deve 1 vped from the same fundamental fluid mass. As 
all of them are definite, compounds of certain ingre- 
dients, and only one simple eaithy substance (■quartz) 
remains as a residuum, it is no wonder they are niosll/ 
silicates of earthy substances, amU that their relative 
quantity is very unequal, depending upon the possible 
atomic combinations which should exactly exhuust all the 
ingredients except the superfluous quartz. 

Silicates. Tourmaline, topaz, zircon, cordierite, epidole, 
garnet, lopidoiite, petal ite, triphane, steatite, talc, 
schorl, hypersthone, hornblende, augite. 
Aluminutes. ('ymophaue, beryl, piuite. ^ 

Sulphuret of bismuth, sulphured of molybdenum, tung- 
state of iron, rutile, oxide of tin, graphite, oxide of 
iron, &c. 

Restricting ourselves to the more common varieties of 
granite, we may observe, that the difference in the crys- 
tallization of the ingredients could not be determined 
d priori , from considerations of the relative fusibility of 
the minerals ; because, in fact, these minerals were all 
developed from one uniform melted mass, in which the 
only distinct parts were the elementary substances of 
silica, alumina, lime, potash, oxide of iron, &c. ; and it 
would depend chiefly upon the relative cohesive forces 
and chemical attractions of certain proportions of these 
ingredients what crystals should be first generated. In 
trinary granite, for example, it may not be that mica and 
quartz were crystallized before felspar because this latter 
is the more fusible suhstauce, but because out of the 
mingled mass of elementary substances the particular 
combination which constitutes mica was endowed with 
the highest attractive energy. Mica might tie formed 
out of a melted mass at a temperature very far below 
that required for its own fusion; this being separated, 


there would remain a silicaled felspar, from which the 
excess of silica being separated, it might depend upon * * , 

the state ol the mass as to heat, whether both quartz ^ 
and felspar should crystallize together with mutual pe- 
netration, or the tanner impress the latter. 

If we assume granite to consist of 20 parts of felspar, Klnnent.iry 
5 parts of quartz, 2 of* mica, the fused nl ass fiom wliiili, r ,,,l l , ° s ! ,io11 
on cooling, these minci.ds were crysinllized, must have 4,1 
contained about 
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Had the proportions of ahimirm and the metallic oxides 
been greater, it is probable that more mica would have 
been formed ; had they been less, less mica and more 
felspar might have resulted ; and the proportions of the 
ingredients might have been such that the mica and 
felspar might he provided with their constituent potash 
and other parts, hornblende or augite, or hypersthene, 
with their lime, magnesia, &r., and a residue of quartz 
remain. 

According to the rate of cooling we might have a 
large grained or fine grained granite, or a nearly com- 
pact rock : if the quantity of tclspar was very great, and 
the cooling rightly proportioned, the mica and quartz 
might he crystallized in a compact, earthy, or glassy uu- 
crvstnllized basis. Thus felspar porphyry would he pro- 
duced from the same ingredients as ordinary granite ; and 
the whole investigation appears to teach iis that me 
mineral characters of pyrngenous rocks depend as much 
upon the circumstances of their solidification as upon 
original differences of chemical cnmprv ition. With thi* 
all observations on these rocks fully agiee ; and it is, 
therefore, in aright spirit of philosophical generaliz. ition 
that Ideologists have now accustomed thems -hrs to 
view the whole scries of plufouic and volcanic products as 
the varied results of one original mode of calorific action 
operating under a variety of conditions as to cooling, 
pressure, limitation of space, and other influential ci'ciim- 
stanecs. 

Section 3. 

Relative Age and characteristic Phenomena of 
Pyrngenous Rocks. 

Were our inquiries concerning the relative age of.\g,» »r |>iu- 
plutouic rocks to be answered only by appeal to oh- hum rinks, 
servatiou of the phenomena which they piesent in con- 
tact with one another, the research must he abandoned. 

For they neither show themselves so often in connection, 
nor display, when in connection, such marks of relative 
antiquity as to permit us to recognise more than one 
general truth, riz. that granite is very often the oldest 
and basalt very often the youngest of these rocks. But 
by studying separately the age of each of thi^e rocks in 
relation to the strata which adjoin it, we obtain a more 
extensive and more exact series of determinations con- 
cerning the periods when they have been erupted through 
the consolidated crust of the earth. Jhe importance of 
these determinations in inductive Ideology is so treat as 
to demand a preliminary Malcincnt of the mode of rea- 
soning employ'd in obtaining them. 

1. When in any (’otuPiy a certain classed’ rocka, as for 
instance the .slate r< cks, have been convulsed and thrown 
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Oology, into new positions before the deposition of another set 
Ch. 111. upon them, as for instance the carboniferous rocks, and 
we find occupying the axis or nucleus of the dislocation 
a mass of granite, it is certain that such granite is older 
Age of I'ln- than the carboniferous system because it was uplifted 
tome r,)'ks t j lc , opjp,. slates. If, in addition, this granite sends 
\eins through the slate rocks so as to prove that it was 
uplifted in a melted state, we must infer that it is of 
more recent origin than those slates : and, in fact, that 
its antiquity is exactly measured by the date of the con- 
vulsion. 

If there be no veins thrown off from the mass of gra- 
nite, and no other satisfactory proof of its having been 
uplifted in n melted state, the age of the mucous rock is 
indefinable, except by saying that it is older than a 
given stratified rock. Such a case occurs in the Ord of 
Caithness, ft appears, then, that in any case of convul- 
sion the era of the elevation of the igneous rock is de- 
termined by the convulsion, but whether it was actually 
r dictated at that time from a melted state, requires 
other evidence. Now this consolidation from a melted 
state is what fixes the age of an igneous rock. Granite 
rnay, perhaps, have remained melted in the deep parts of 
the earth through many geological periods, but its age 
as a rock is counted from the period when its fusion 
closed. 

8. In Derbyshire the carboniferous limestone is inter- 
laminated for great lengths by an igneous rock, (toad- 
stone.) which has evidently been poured out at certain 
intcnals by an ancient submarine volcano while the 
limestone was in formation. The age of such a rock is 
fixed by the age of the limestone. 

3. The basalt of dykes which pass through certain 
strata, is, of rour-e, not more ancient than the newest 
strata divided; if at any point the. dyke should be co- 
vered by newer strata which are undisturbed by the dis* 
location accompany ing it, we may generally admit that 
the basalt, is older than these strata. Such a case, per- 
haps, occurs in the dykes of the Durham coal field, 
which do not penetrate the mugnesian limestone. 

These instances arc sufficient to show' the truth of 
two propositions of general application to this subject. 

When igneous rocks uccompauy convulsions, we 
can always fix the minimum of their geological anti- 
quity ; when they throw off veins or intrude in the shape 
of dykes, or interpolated beds, among stratified rocks, we 
are able to assign the maximum of their antiquity. 

Guided by these views, and restricting our illustra- 
tions as much as possible to the British Isles, w'e may 
proceed to describe some of the characteristic pheno- 
mena occasioned by the appearance of plutonic rocks, 
and to fix the eras of their production. 

First, we shall describe the general features of a dis- 
trict rcmaikuhle lor the number of these rocks brought 
into a small compass and presenting diversified effects, 
and then select instances proper to make known the 
characters of each. 

We shall take an example of the phenomena of pyro- 
gcnotis rocks in general from that gem of H ottoman 
Geology the justly celebrated Island of Arran, an exa- 
mination of which may be safely pronounced almost 
indispensable to a complete geological education. 

Arran . 

General The Island of Arran has been very often described, 
fc.it urcs. ant j by eminent Geologists. Jameson, Macculloch, 


"Necker, Murchison and Sedgewick, Oeynhauscn and Geology. 
V T on Decheiit have all written ably on the inexhausti- Ch. 111. 
ble subject of this little world of geological pheno- v * - *v*^ 
mena ; and were it not for a reluctance to add to this 
weighty literature, other voyagers would be unable to 
restrain themselves from describing some neglected but 
curious phenomena. The leading features of Arran are 
its mountainous and truly Alpine scenery in the North- 
ern extremity, and the elevated plateaux of its Southern 
portion. These latter arc generally composed of trap 
rocks, partly syenite, partly porphyry, partly green- 
stone, with many dykes of greenstone and pitchstone 
passing through the red sandstone strata which appear 
around the coasts. The highest Northern eminences 
are granitic mountains forming the nucleus of a great 
conical elevation of slate rocks, which, overlaid by the red 
sandstone formation, (see p. 609.) form a narrow but un- 
equal zone round the granite. The small size of the Island 
combined with the elevation of the inouutaius (nearly 3000 
feet) gives to the short glens u very sudden depth, and 
permits the cliffs to show the great curvatures of strata. 
l)y kes and overlying masses of greenstone, felspathic and 
trap porphyry, various sorts of claystone and pitch-stone, 
are seen abundantly both on the Eastern, Western, and 
Southern coasts; and so perfectly are all the phenomena 
exhibited, that it is difficult to imagine any space of the 
same limited extent more worthy of being studied for the 
purpose of understanding the mutual relations of pyro- 
geuous rocks. 

That the granite of this Island was upheaved in a 
melted stute seems sufficiently demonstrated by the fact 
of its throwing veins through the surrounding slate 
rocks; this phenomenon maybe very well studied at 
Tornidneou. That its elevation was subsequent to the 
deposition of the whole red sandstone system seems also 
proved 1 by the curvatures which these struta have under- 
gone. This would give for the elevation of the granite 
of Arran a period considerably later than that usually 
assigned to the principal part of the Highland moun- 
tains, and, perhaps, agreeing with the rising of the 
syenites of Malvern and Charuwnod forest. 

The granite ia, as far as can be known, the oldest 
pyrogcnous rock to be seen in the Island, for it is Ira* 
versed by dykes of basalt and pitchstone, like those 
which crossr the red sandstones. It is observuble, 
however, that these dykes are most numerous at 
some distance from the granitic centre. At Corygills, 
at Lamlush, and Tormore, they are exceedingly abun 
dunt in the red sandstone, while in the Norlh-tTustern 
face of the Island, where that rock is nearer to the 
gtanite, few'er dykes appear, and about Loch Kanza the 
slate is still less divided by them. Perhaps we may 
venture to add another generalization ; viz. tbnt these 
dykes are most abundant beyond the line of violent flex- 
ure of the strata from their horizontal position. After 
measuring with care the directions and breadths, and 
noting the characters of forty-four dykes, chiefly of green- 
stone, between Brodick and Lamlash, and also those at 
Tormore, it did not appear to the writer of this notice 
that any other dependence of the direction of those dykes 
upon the local centreofthe granitic eruption could be traced. 

While in the Eastern side of the Island, about Cory- 
gills, the dykes in the red sandstone are chiefly green- 
stone and basalt, with a sparing admixture of felspathic 
and porphyritic claystone and pitchstone, those of Tor- 
moTe, in light coloured sandstone, arc chiefly pitchstone, 
claystone, and trap porphyry. On both sides occur 
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Geology. interposed beds of pitchstone, divided into columns ; on 
Ch lil. the East are overly.!!*** greenstones in rude colonnades; 

on the West trap porphyry columns; on the East the 
claystone dykes are highly prismatic ; on the West oc- 
cur many interposed beds, and an arched vein of clay- 
stone. The pitchstone of the Eastern side is black or 
green, that of the Western coa^t often variously coloured 
and graduating to something like hornstone, or to clay- 
stone. It is, in one point, at Tormore, of that concre- 
tionary structure which reminds us of some kinds of 
obsidian and sphaerulilic traps. v 

Alterations Tile effects of the pyrogen on s rocks upon those in 
rocl!« a ^ 1C ” contact with them are less striking in Arran than in 
many other situations. No new minerals are produced 
in the slate where the granite touches it, nor in the red 
sandstones where they arc bordered by the greenstone 
dykes. This hardening is very various in degree, and 
the causes of these differences are not very evident e\cn 
upon the examination of many eases. The hardening 
etfect is sometimes communicated to the distance of two 
or three feet into the neighbouring rock, but generally 
not to more than a few inches. The hardened parts 
sometimes stand up in narrow crests. Where dykes cross, 
it has been found that one. of the planes of intersection 
of the gieenstone dykes has been marked by the occur- 
rence of a very narrow band of black pitchstone. The 
base of the pitchstone pillars of the interposed bed in 
Corvgills is softened, where it touches the sandstone 
below, to a kind of kaolin. 

It i> impossible to say what was the geological epoch 
of the pyrogenous eruptions of Arran, further than that 
they were posterior to the whole red sandstone system 
there. If this be correctly taken by Murchison and 
Sedgwick to represent both the old and new red sand- 
stone systems, they are later than most of those known 
in England, and, for aught wc can tell, they nuij? he as 
modern as the basaltic eruptions of the North of Ireland, 
(ioo^r.i; l.i* It is remarkable that, amidst all the profusion ol grecu- 
imI i.l.nnin stones, pitchstone, claystone, and porphyritic dykes, 
ft | y w ), i c .}| jippjar a little remote from the granite, no granite 
no vs. ^ j y j v e j s socn . while in the granite, whose elevation 
seems to he the local centre of all those exhibitions, no 
hornblende or augitc occurs. That granite and the trap 
dykes are of different antiquity has been shown before ; 
but it seems also to he implied either, first*that at suc- 
cessive epochs different rocks lay melted under the same 
localities; second, that the local production of pyroge- 
nous rocks is somehow governed by relations of level or 
distance, or subject to an obscure reciprocity of position. 
It seems worth while to follow out this idea. Along* the 
Peiiine chain, the axis of dislocation shows, at points, 
giauilic and greenstone rocks but very few’ mineral veins 
are wrought. The slopes a little removed from this 
mountain edge contain 'many valuable lead mines. The 
mining district of Shropshire, described by Mr. Murchi- 
son, appears related to the greenstone ridge ofCorndon 
nearly in the same way; for though along this axis no 
mines occur, they abound in a line at a small distance 
parallel to it. Perhaps to these analogies we may add 
the instance of the diversified porphyritic masses which 
run irregularly parallel to, hut removed from the gra- 
nitic axis of Cumbria. Finally, to rise to a greater ge- 
neralization, Von lhtch's views of the relations of the 
granitic axis of the Alps and the atigitic porphyries (me- 
laphyre) along their Southern flanks appear to be de- 
cidedly analogous, and there seems at least thus much 
to be inferred from the points of agreement among these 
VOL. vi. 


several examples of the ndutive position of ignigcuous Geology, 
rocks, that the elevation of an axis or nucleus of granitic Eh. 111. 
rocks was attended by very numerous fissures at a small 
distance removed, which, after some geological interval, 
were filled by rocks of a quite different nature from those 
which were erupted at the time of the first disturbance. 

Granite. 

It might be doubtful whether any granite visible in Antitpiiiy .f 
the British Islands could claim greater antiquity than ^ ,un, ’ ,e * 
the upper m grayvvucke slate rocks, except for the cases 
of alternating granite and mica slate, quoted imm Mr. 

Weaver, p. 563. The granite of the Cornish chain in 
some places throws veiny into the adjacent clay slates, 
and generally appears to change very greatly the nature 
of those rocks, so that we arc compelled to rank it as a 
more modern product. The granites of C’uinheihind 
and Westmoreland, and those of the Grampians 
if their age he judged of fiom that, of the convulsions 
accompanying them, and from the veins which they 
throw off, must be pronounced to be of nearly the 
same antiquity. In the Island of Arran, the granite 
seems to he uut so old as the red sandstone which 
overlies the carboniferous limestone; in the Alps it must 
perhaps be supposed to have been in fusion ever since 
the tertiary epoch. 

A few years ago granite veins were considered as rare (iranito 
eruptions, but at present it is difficult to find a satMlie- 'eins. 
tory example of any extensive tract of granite, without 
the occurrence of such ramifications through the neigh- 
bouring rocks. They occur in Cornwall, C'ninheiland, 
and Arrau, in Ben Crunchan, at Strontiun, in Glen 
Tilt, and generally throughout the Highlands. The 
same is true for the Continent of Europe ; and perhaps 
we may no where find a heller example of the elevation 
of granite in a solid form, than that described by Mur- 
chison at the Ord of Caithness. This granite, on its 
Northern flank, stippoils the old led conglomerate, 
whilst to the South it occupies :i cliff on and near the 
shore, the verge of which affords a rems ikable breccia, 
compounded from all the beds of the oolitic series that 
occur on this coast. This bicceia of sandstone, shale, 
and limestone, is lilted off from the granite wherever 
that rock protrudes upon the shore, whilst the strata are 
regularly developed where the granite recedes into the 
interior. No veins or portions of the granite are to he 
met with in or aho\e the oolitic breccia, which, by its 
disturbed position, appears to fix the maximum of anti- 
quity of the elevation of the granite not beyond the age 
of the coralline oolite. 

The givuiite veins of Tornidneon in Arrau pass from Tumid nuen. 
a body of very coarse grained granite through nearly 
vertical laniiiuc of dark quartzo^ clay slate; the line of 
junction dividing the whole side of a hill. One of the 
veins encloses fragments of slate, divides itself into 
branches, which cross the lam in a? of slate, cutting off both 
the quartzose and argillaceous lamina*. The granite 
becomes much finer grained along the \eins, and neaily 
in proportion to their smallness ; so that in the narrowest 
veins it is nearly compact. Strings of fine grained 
granite divide the coarser sort. (See pi. \ii. fig. J.) 

(18*26.) 

in Glen Tilt, Dr. Marciilloch has described numerous GU u Tilt, 
and valuable facts of this nature. At the bridge beyond 
Forest Lodge, granite, hornblende slate, and primary 
limestone are very curiously associated. Veins of red 
5 u 



762 


GEOLOGY. 


Geology, granite here divide the other rocks, and inclose frag- 
Cli. III. ments of them. The singular interlacements of the 
rocks here will he best understood by the sketch, pi. vii. 
fig. 2, taken on the spot in 1826. 

1. Primary limestone laminated by hornblende and red 
felspar in curved lines or detached masses, round which 
the laminiL* of limestone bend, crossed by granite and 
red felspar veins. 

2. White quartz rock and red felspar crystallized. 

3. Felspathic rock, red, with layers of black horn- 
blende. 

4. Limestone laminated with felspar. 

5. The same with less felspar. 

6. Hornblende and felspar in layers. 

7. Laminated limestone. 

(a.) Red felspar vein — a little quartz. 

8. !). Hornblende, with layers, masses, and veins of white 
quartz, and red felspar, winch substances often occur 
together, making binary granite of very large grain. 

lit. Limestone, with red granite veins.* 

11. Limestone, red granite veins, and white calca- 
reous spar veins , which divide Uie granite veins. 

12. lied granite, composed of red compact or crys- 
tallized felspar, white quartz, and black or grey mica, 
and incloses hornblende masses which are divided by 
veins of granite ramifying from the geqpral masses of 
that rock. 

Cornwall. The extremity of Cornwall has long been famous for 
the great variety of .curious phenomena connected with 
the granite veins which there divide the argillaceous slate, 
hornblende slate, and greenstone rocks, all included by 
the miners under the title of killas. So many writers 
of eminence, both English and foreign, have described 
and reasoned upon these occurrences, that it is difficult 
to select from the immense variety. The following is 
Mr. Majendic’s account of the veins at Mousehole, three 
miles South-West of Penzance. ( Cornwall ( ieol . Soc. 
Trans. \o 1. i.) “At this period the clay slate ceases, 
and the granite commences, forming a promontory which 
runs out in a Southern direction from the central ridge. 
The slate is of a grey colour; it is in strata nearly hori- 
zontal, but having a slight dip to the East; it increases 
in hardness near the junction. The granite, which is 
generally coarse and porphyritic from the large imbed- 
ded crystals of felspar, becomes here of a finer grain, 
with black mica and light flesh-red felspar. On the 
North it laps over the schistus. At this spot numerous 
granite veins, vuryiug in width from about a foot to less 
than an inch, pass through the slate; the two principal 
veins proceed nearly East from the hill above, for more 
than fifty yards, until they ure lost in the seu. One of 
these, not far from its first appeurunce, is divided and 
heaved several feet by a cross vein consisting of quartz 
intermingled with slate ; fragments of slate appear also 
in the granite veins. The most remarkable vein, after 
proceeding vertically for some distance, suddenly forms 
an angle, and continues in a direction nearly horizontal, 
having slate above and below.” 

The killas at this place has much the aspect of green- 
stone, and it appears generally true that the clay slate 
is much altered in character round all the granites of 
Cornwall and Devon. (See Mr. De la Beebe's Gtologi- 
tal Map , Devon.) The veins of granite are generally 
most fine grained towards the walls. Von Oeynhausen 
and Von Dechen mention three principal veins at 
Mousehole, one 3^ to 10 feet wide ; quartz veins cross the 
direction of the granite veins, and sometimes divide them 


and apparently alter their character. Schorl occurs irre- 
gulurly in the granite, and in some of the quart? veins. 
In other localities, veins of this mineral present interest- 
ing phenomena. The intricate character of the venige- 
nous masses of Mousehole will be best understood by 
consulting the diagram, pi. vii. fig. 3, copied from the 
sketch of the distinguished Prussian Geologists above 
named. 
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At Cape Cornwall, a granite vein heaves a quartz vein 
in a direction contrary to the general law, stated in page 
541. In the Lizard district granite veins divide ser- 
pentine. 


Felspar Porphyry. 

The abundance and variety of felspar porphyry, in Ben Nevis, 
great masses on the summit of Ben Nevis, and in the 
awful valley of Glen Coe, is familiar to every traveller in 
the Highlands; the porphyry of Ben Nevis has been 
shown by Voii Oeynhausen and Von Dcchen to have 
been erupted through the granitic basis of that moun- 
tain ; the diversified porphyries ulong the vertical pre- 
cipices of Glen Coe send veins through the subjacent 
granites, in number proportioned to the proximity of 
the situation to the great mass of porphyry This rock 
is not columnar; (Macculloeh ;) it varies through every 
stage, from claystone to felspar porphyry, the different 
varieties being sometimes gradually and sometimes 
suddenly connected. Breccia, composed of fragmented 
claystoncs and porphyries, (like those on Ben Nevis, 
and some in Cumberland,) are often seen in Glen Coe. 

In the mountain of Cruachan,- which overlooks Loch 
Awe, the hornblendic granite and schist rocks are tra- 
versed by a great variety of large felspar and trap por- 
phyry dykes, and some changes of appearance happen 
to the'elay and mica slate, very difficult to be described. 
Macculloeh ( GeoL Trans, i v.) describes the porphyry 
dykes as perpendicular, varying from 3 to 50 feet in 
breadth, traversing alike the schist and the granite veins 
which divide it, but not in any degree intermingling with 
either. Dykes of porphyry, of different kinds and co- 
lours, may run near or in contact with each other, but in 
all cases these und other dykes of basalt or trap por- 
phyry are very distinct at the edges, though firmly 
united to tfc.c rock which encloses them. PI. vii. fig. 

4, shows veins of granite traversing the schist of Crua- 
chan, themselves crossed by dykes of two kinds of* por- 
phyry. {Geol. Trans, iv. pi. vi.) 

In the Cumbrian mountains felspar porphyries occur Cumbrian 
iu many situations, and with a great diversity of charac- mountain#, 
ter; some have a basis of translucent grey or green 
felspar, and included crystals of glassy felspar and 
quartz ; others are composed of a red, opaque, granular 
felspar basis, and red felspar arid quartz crystals ; the 
basis of others is compact felspar dr hornstone, and 
some have a dark but not basaltic base, with small white 
opaque felspar crystals. Most of them, like the amyg- 
daloids and greenstones of the same region, occur in 
overlying masses as well as dykes, but real alternations 
of them with the slates can hardly be substantiated. 

They seem to have a Geographical dependence on the 
foci of granitic eruption, of a peculiar kind. They are 
not abundant in or very near to the grunite ofWastdale, 

Skiddaw, or Shap, but they occur at small distances 
from each of those masses. The Valley of St. John’s 
shows pale red felspar porphyry overlying slate, well 
crystallized red porphyry in Armboth fell, and various 
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Cornwall. 


Malvern. 


Many small narrow \ alleys run to the East across the Geology. 
Hue of the chain. * Cli. Ii“l. 

The veidant surface of these hills, and the circum- 
stance that the pyiogciious rocks are very much decom- 
posed and fissured near the surface, prevents very fre- 
quent observ at ion. The great mass of the rocks is of a 
syeuitic rather than granitic character, varying 1 , however, 
much as to the relati\c proportions of hornblende, mica, 
and quartz: the felspar is usually icd, epidote, mag- 
netic iron, pyrites, and other minerals ocuir, and the 
aspect of the rock is sometimes that of greenstone. 

Veins of granite traverse the neighbouring rocks. Veins 
of sulphate of barytes, calcareous spar, and epidote, red 
hematite, &x\, occur in the syeuitic rocks. 

The stultified rocks which are dislocated along the Elevation 
line of the Malvertis archest seen oil the Western slopes, of strata, 
the oldest of them belongs to the fourth group* of the 
grcywacke series of the Welsh border. (See p. 5b 7.) 

The sandstones of this and the limestones and shales of 
the superior groups are partly vertical, or partly otvr- 
thrown to the West, so that for some distance to the 
West the series of strata appears in vetted , and the real ly 
newer rocks come out from under the older. ( Herd, 

Trans . vol. i.) Much local confusion and disturbance 
of declinations accompany these general indications of 
violent upward heaving along the axis of the chain. 

Mr. llorner’s very judicious reflections on the bearing 
of the phenomena of the Malvern upon the then pre- 
valent discussion of the Wernerian and Uuttoniun The- 
ories of Geology, will be perused with great satisfac- 
tion and pleasure as anticipating many of the clearest 
arguments known in the present advanced slate of the 
Science. As the uustratified rocks have been thrown up 
along a line from North to South, the bearing of the 
elevated strata ought, in general, to be parallel to that 
line, and this bus been shown to be the ease : the force 
would be greatest at the point where the unslratified 
rocks burst forth, and accordingly we find the strata 
there geueially vertical, or even thrown back and in 
some degree inverted. 

The same phenomena of inverted strata are observed 
by Mr. Murchison parallel to the Abherlcy lulls, which 
are on the prolongation of the Mulvorns ; and we are 
indebted to him for an interesting notice of a dvke of 
dark green syenitie rock, at Brockhill near the Tome, 
composed of hornblende, felspar, and quartz, eight 
paces wide, directed West 5° North, and East 5° 

South. The syeuitic rock is prismatic at the sides, the 
prism lying across the dyke, whose walls are formed of 
old red sandstone, here of a green tinge, and mails. In 
contact with the dyke and for 20 feet distance the 
sandstone is hardened, is of a deep purple colour, and 
has lust its mica ; the marls are altered by the diffusion 
of carbonate of lime through their mass. This dyke is 
considered as a lateral effect from the great North and 
South axis of igneous rocks of the Malvern and Abbcrlev 
hills. 


kinds of felspalhic rocks under Ilelvellyn. Dykes of va- 
riable greenish porphyry divide the slates of High Pike, 
and a solitary red dyke ranges East and West of the 
granite of Shap fells. No poiphyry occurs very far 
from the granites. 

In North Wales felspathic porphyries appear so con- 
nected by alternate bedding with the slates, as to have 
been subjected to the same elevations and undulations 
of dip; und thus not only prove their high antiquity, but 
also suggest views as to the frequent recurrence of igne- 
ous action at the same points of the ancient bed of the 
sea during the period of the primary slates. 

Consistently with our views of the origin of the crys- 
tallized rocks, we may perhaps be right in believing 
that all the complicated, wholly or partially, crystallized 
rocks, composed of felspar, quartz, and mica, which are 
included between and which traverse the real slaty rocks 
of Cornwall, are either the result of submarine eruptions 
during the formation of the slate ; of the subsequent ac- 
tion of the heated granitic masses upon the killas; of 
posterior eruptions of melted rock into fissures caused 
by convulsion, or of some gradual conversion and trans- 
fer of mineral ingredients, such us we know to have 
occurred 

It is hazardous to reason on phenomena so remark- 
able as those of Cornwall, without reference to other 
districts; nothing but prejudice or indolence will permit 
Geologists, acquainted with other districts, to neglect 
the singular and curious tacts connected with the De- 
vonshire and Cornish chain. We may freely admit 
that they, in some eases, point to agencies not yet fami- 
liar to our philosophy ; that a full examination of the 
whole series of granites, porphyries, serpentines, and 
killas, and of the disseminated and venigenous minerals 
in them, will kindle a brilliant light in the most secret 
laboratory of Nature ; but one thing is wanting.an ex- 
act description of all the. characteristic facts observable 
in each particular case , without the adornment of theory, 
or the disarray of new nomenclature. (See Conyhcnre, 
Buckland, and Sedgwick, GvoL Trans. ; the Trans, of 
Cornish Goal. Soc.; and Dr. Boase’s recent volume.) 

Syenite . 

The syenite of Malvern is not older than the old red 
snudstoue, which it throws off from its slojfcs and pene- 
trates by a lateral extension or dyke, nor so young as the 
new red sandstone which lies level at its feet ; the same 
limits* of age must be assigned to the similar rocks of 
Charnwood forest, which appear underjvery analogous cir- 
cumstances. The partially syenitie rocks of Carrock 
fell in Cumberland, may, very probably, be older. We 
shall not assign this name to the variable rock of Red 
Pike and Scale Force: Recording to Weiss, the syenite of 
Wcinbola near Meissen is superimposed on the green 
sand system. The Malvern hills, long since described 
with much ability by Mr. Horner, and a dyke appa- 
rently dependent on them lately investigated by Mr. 
Murchison, wilj serve to illustrate the phenomena attend- 
ing syenitie extrusions. 

The picturesque chain of the Malverns rises at its 
centre to 1444 feet above the sea, and looks down over a 
vast and beautiful region. On the Eastern side the de- 
scent is abrupt to plains of horizontal new red sand- 
stone, on the Western more gradual and diversified by 
ranges of woody hills whose bearing is parallel to that 
of the chain. Beyond are the slate mountains of Wales. 


Hyperslhenc Rock or Hypersthenic Syenite . 

Ilypersthene rock forms the pinnacled mountains of 
Cuchullin, part of Carrock tall in Cumberland, certain 
dykes in Radnorshire, and is not unknown in Cornwall ; 


* In the Vhxl Mnq. for June I KM, Mr. Miiichtaori 1 mm pub- 
lished a iu j w arrangrinont of these group, in which this second anil 
third groups are united. 
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it also occurs in Yorkshire in veins passing through the 
basalt of the carboniferous limestone series. The exhi- 
bition of livperstliene rocks in the Valteline has been 
described by M. Necker. 

This rock may be very generally described as a syenite, 
or which the felspar is pale flesh-colon r, white, or green- 
ish, and the hornblende is replaced by hypersthene, 
either in very distinct, large crystals, or small con- 
cretionary masses. In the latter case it can hardly he 
distinguished from common greenstone. Jn Cornwall, 
Had nor, and Cumberland this rock may be admitted to 
be of later date than the greater part of the slate system ; 
in Yorkshire it is contemporaneous with the great 
basaltic formation of the carboniferous epoch; in the 
hie of Skye it is probably more recent than the oolitic 
era; in the Alps it forms n part of the minernlogical 
axis, and may have been thrown tip even since almost 
the whole tertiary strata of the basins of Europe. 

AT. Meeker, in his account of the Valteline, establishes 
(he tact, (hat the granitic eminences which rise along 
the axis of that singular valley of elevation , pass 
by degrees to common syenite, and afterwards to syenite 
with hypersthene, in large, small, or even minute crystals, 
of black or green colour, and metallic reflections. The 
feKpar has a violet tinge. The greater and hypersthenic 
axis of the valley is coincident with the central line of the 
great chain of the Alps, from South-West to North- 
East, and the stratified rocks are vertical on each side, 
for some distance ; .afterwards they take opposite dips 
to the North-W est and South-East. The order of suc- 
cession may he stated to he gneiss, mica schist, changing 
to tidcose and chloritic schist and clay slate. Veins of 
fine grained granite pass through the hypersthenic rocks 
and through the mica schist, sometimes holding frag- 
ments of this latter, and quartz veins with black tour- 
malines divide the granite. 

TheCuclmlliit mountains in Skye, rendered classical by 
jVIneeulIocli’s descriptions, surround the desolate lake of 
Coruisk, a grand amphitheatre of steep and barren rocks, 
which decompose so little as to yield neither sand nor 
gravel to the torrents. A great variety of appearances is 
presented by the mixture of the felspar and hypersthene 
in these rocks, as to crystallization and colour. In some 
localities the mass is fine grained, and in others graduates 
to common syenite or greenstone. Von Oeynhnuseu 
and Von Decheu state that the hjperstliene rocks pass 
into compact greenstone ; and that the common syenite 
lies on the hypersthene rock, with an abrupt and distinct 
junction. One of the most interesting facts connected 
with this group of rocks is the transmutation of the lias 
into white granular and compact limestone, where it is 
in contact with the syenite and trap rocks. This effect 
happens more constantly at the junction of the lias with 
syenite than with greenstone or trap ; in the latter case 
it sometimes happens, sometimes not. The hypersthene 
rock seldom adjoins the lias; where it does, like green- 
stone or trap, it both intersects and covers it. 

Gabbro , Gran Hone , Euphotidc , Diallage Rock , 
Serpentine . 

It i.i to M. Von Buch that we are indebted for point- 
ing out the importance of the rock, composed of saussur- 
ite, or felspar and diullage, called gabbro, or granitoiie, 
in Northern Italy. The abundance of serpentine in the 
Pyrenees, Apennines, and other parts of the South of 
Europe, has long been remarked. Diallngc rocks are 


equally abundant, often occur in connection with the kige. 
serpentine, and there is now no doubt as to the fact that 
these two rocks arc very intimately related. Few con- 
clusions of this nature appear better authenticated by 
observation than the gradation of diallage rock into ser- 
pentine, in the Alps, the Apennines, Corsica, and Corn- 
wall. Gabbro has been employed in architecture by the 
Homans, and by the family of Medicis at Florence. 

The town of Vienna is said to be paved with it. 

Generally, observers agree in representing both gab- Straf fir-v- 
bro and serpentine as unstratified rocks. When portions tum <ltK,,r " 
of them are included between strata of gneiss, mica, r cntim% - 
schist, &e., they may be viewed as interposed masses. 

But Macculloch positively affirms that in Un.st the 
stratification, bulb of diallage rock and of serpentine, 
is certainly evident ; and he compares the cases where no 
stratification can be traced in the latter to analogous 
instances in primary limestone. The latter, however, 
is by far the most abundant case; npd perhaps, taking 
into account the circumstance that »u Unsl the rocks 
alternate and graduate into micaceous, chloride, and 
argillaceous schists, we may reasonably inquire whether 
the stratified varieties of diallage and serpentine are not 
recomposed rocks altered, like some gneiss, by subse- 
quent application of heal. 

In the Northern Apennines, Brongniart has remarked 
the following general order of succession downwards. 

1. Serpentine. 2. Diallage rock, in the upper part as- 
suming the aspect of serpentine, (at Hochctta, North of 
Borghctto, near Spczia.) consisting partly of red crys- 
tallized limestone. 3. Jasper rock in thin lamina?. 

Below these are limestones and marly schists, common 
in the Apennines. In Monte Ramczzo, North-West of 
Genoa, the serpentine is placed on limestone and talc 
schist, the limestone is in thin tortuous beds, and in as it 
were dissolved with the shining slate and steasehist. 

The direction of the serpentiuous masses in the Northern 
Apennines, to which the elevation of that part of the 
range is ascribed, is East South-East, which is the same 
as that of the Pyrenees, and of some serpentine rochs 
about Como. 


Greenstone . 

Scotland Jaas been long and not. unjustly considered 
classic ground for the pyrogenous rocks. We shall take 
as an example of the occurrence of greenstone, the phe- 
nomena in the vicinity of Edinburgh, which have con- 
tributed so powerfully to support the philosophical fame 
of Dr. Hutton. The interesting eminences of Arthur’s 
Seat, Salisbury Craig, the Calton Ilill, and Edinburgh 
Castle, are all composed of trap rocks associated with 
various sandstones and shales of the carboniferous system, 
and the labours of Art have folded to the admirable 
exhibitions of Nature. 

In Salisbury Craig is a very fine section of uustratified Salisbury 
greenstone enclosed between stratified sandstone, con- Craljf. 
glomerate, shale, and ironstone nodules, and it is easily 
seen that both the igneous and sedimentary rocks arc 
altered at their formation. Masses of sandstone and con- 
glomerate, of various forms and magnitudes, are insu- 
lated in a confused manner within the greenstone, and 
portions of greenstone interposed among the sandstones. 

No dyke appears, but small veins of calcareous spur, 
occasionally metalliferous, cross the line of junction. 

The accompanying drawings and references will suffi- 
ciently explain the most interesting phenomena observed. 
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(;eni„ S v. pi. vii. fig. 5, gives a general view of the face of the 
( li. III. c |;(f as jf appeared to the writer in 1826. The letters 
of reference, a, b % c, murk points of which details are 
given below. On a nearer examination, the point a 
shows greenstone gradually changing to a red colour 
and finer grain near its upper surface, on which rest 
beds of sandstone, ironstone, and shale, as under. 

1. The upper part of a greenstone mass, fine grained 
and of reddish colour. Veins of calcareous spar, with 
micaceous iron ore, divide the upper part of this mass, 
and puss through Nos. 2 and 3 above. 

2, 3. Mass of petro-silicious sandstone, mixed with 
softer green portions. 

4. The same sort of hardened sandstone, with less of 
the softer parts, (here and there a purple tinge.) 

5. Argillaceous, compact, hard shale of a purplish 
or green colour, and subconchoidal fracture. 

(>. lied argillaceous ironstone in green shale. 

7. Sandstone beds, reddish and indurated. 

At the point b (fig. 6) a nearly similar series of 
alternating stone and shale rests on very similar trap. 
A portion of sandstone is engaged in the trap, and other 
signs of violent intrusion occur. 

At the point c hard red sandstone Hags, without iron- 
stone, rest on reddened greenstone. 

A large quarry at the South end of Salisbury Crag 
affords nn excellent section of sandstone beds below the 
greenstone. Fig. 7 and 8 are taken from this quarry. 

In fig. 7, the greenstone, reddening belmv, rests on 
jasperized sandstone, which is much broken and con- 
fused in places ; below this is green shale, covering red 
and white sandstone with conglomerate. Fig. 8 shows 
portions of sandstone enclosed in the trap, which grows 
redder towards the contact with the strata below. The 
aspect of a portion of sandstone fairly enclosed in trap is 
seen in fig. 9. * 

Some late observations of Lord Greenock on the ap- 
pearances presented by a section of the compact green- 
stone and sandstone strata in the Castle Hill, Edinburgh, 
show the efTect of convulsions acting upon both of those 
rocks since the eruption of thelithoid lava. At some points 
of this hill the usual transformations of the sandstones, 
&c. happen in contact with trap, but in one place beds 
of sandstone and marl are seen in a state of great dis- 
turbance, thrown in angular positions upttii tabular 
greenstone, and not in the slightest degree altered as 
to hardness or aggregation at the junction. Possibly, 
the explanation which applies here, viz. that the junc- 
tion of the igneous and stratified rock has been occa- 
sioned by convulsive movements, which have lifted them 
both in a solid form, may be found applicable to some 
other cases in which trap rocks appear to exercise no 
transforming influence oil the contiguous rocks. 

Basalt. 

The researches of Dr. Berger, Dr. Dockland, and 
Mr. Conybeare, on the North-East of Ireland, have fur- 
nished a highly interesting Memoir in the GeoL Trans . 
vol. iii. from the pen of the latter Geologist. The coast 
between Belfast Lough and Lough Foyle is one 
boundary of a large tract reaching Westward to Lough 
Neagh, and including the river Bann, which is almost 
wholly occupied on the surface by basaltic rocks rising 
at intervals to eminences of 1320, 1820, and 1864 feet 
above the sea. Under this immense overlying mass of 
basalt are found several members of the English scries 


of strata not known elsewhere in Ireland. 1. Chalk, C»**olngy. 
agreeing with the lower beds of the English scries. 2. Ch H i. 
Mulattoe, an Irish name for the green sand of English 
Geologists. 3. Lias limestone, (without any other 
rock of the oolitic system.) 4. Beds of red marl and 
gypsum salt, resting on variegated sandstone. 5. At 
the North-Eastern and South-Eastern extremity, coal 
measures, consisting of red sandstones and shales with 
inferior coal, appear below all the oilier strata. The 
muluttoe and lias are often wanting in the section. 'I'hc 
superincumbent basalt is estimated to ha\e nn average 
thickness of 545 feet, (in Bcnyavenagh it is DUO fret, in 
Knochlead 980 feet,) and its superficial extent 800 
square miles. 

The phenomena presented by the basalt, exposed 
along so great a length of coast, are various and remark- 
able, and we are not only delighted with the magnificent 
colonnades of Fairhead, and the geometrical pavement 
of the Causeway, but instructed by the clear exhibition 
of the cllects of dykes dividing both the congenerous 
basalt above and the calcareous strata beneath. 

The immense mass of trap rocks in this district ex- 
hibits, besides basalt, which is the most abundant mate- 
rial, greenstone, clinkstone porphyry, wacko, and red 
ochre. Near the Causeway, the cliffs, according to Dr. 
Richardson, consist of alternating basalt and red ochre, 
in the following order downwards. 

1. Basalt rudely columnar, 60 feet. 

2. Red ochre or bole, 9 feet. 

3. Basalt irregularly prismatic, GO feet. 

4. Columnar basalt, 7 feet. 

5. Intermediate between bole and basalt, 8 feet. 

(i. Coarsely columnar basalt, 1 U feet. 

7. Columnar basalt, the upper range of pillars at 
Ben gore Head, 51 feet. 

8. Irregularly prismatic basalt. In this bed the wackc 
and wood coal of Port N offer are situated, 51 feet. 

9. Columnar basalt, forming the Causeway by its 
intersection with the plane of the sea, 44 feet. 

10. Bole or red ochre, 22 feet. 

11. 12, 13. Tabular basalt, divided by thin seams of 
bole, 80 feet. 

14, 15, 16. Tabular basult, occasionally containing 
zeolite, HO feet. 

The stratified rocks in contact with the trap have un- 
dergone remarkable changes in several localities. 

At Port rush, the trap (a rudely prismatic greenstone) 
overlies and perhaps alternates with a flinty slate, which 
contains numerous impressions of ammonites, belonging 
to the lias shales. This transformation of lias shale, 
which reminds us of the more extensive phenomena of 
the same kind in Savoy, was formerly adduced ns an 
argument for the aqueous origin of basalt ! Most of the 
alteration* of stratified rocks on this coast are effected 
by basaltic d\kes, which divide both the overlying masses 
of trap and the subjacent strata. 

At the foot of the hill called Lurgcthan, basaltic 
dykes traverse the red sandstone conglomeiatv, which is 
indurated near the contact so as to resemble compact 
hornstone. 

The coal measures, underlying the basalt of Fairhead, 
are crossed by dykes which have changed the ordinary 
shale into flinty slate, hardened and pyritized the sand- 
stone for 15 yards, and converted the coal to a cin- 
der. The chain is affected by many djkes to such a 
degree as to be converted to a real marble, for 10 feet or 
more from the side of the basalt. 
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Geology. The order of effects is first a yellowish tinge of colour, 
i'Ai 111. (hen a bluish-grey colour and compact texture, then a 
fine grained aicuaccous aspect, next a saccharine granu- 
lation, and finally close to the dyke the chalk is altered 
to a durk brown crystalline limestone, with flaky crystals 
as large as those in primary limestone. The flints in 
the altered chalk assume a grey-yellowish colour ; the 
altered chalk is highly phosphorescent when heated. 
Examples occur near Belfast, at Glenurni, in llathlin, 
and other places. Near the top of the stratum of chalk 
which crowns the cliffs ofMtirloch Bay, is an interposed 
bed of wacke 5 or 6 feet thick. For proofs of local vio- 
lence accompanying the exhibition of the basalt, and 
many interesting details, the original Memoirs may he 
consulted. 

The basaltic formation of Upper Teesdale in York- 
shire has been described by Professor Sedgwick, and its 
continuation through Northumberland by Mr. Hutton; 
mid we can hear witness to the merit of their researches. 
The great mass of basalt (called Whin Sill) lies in a 
pscudostratum of most irregular thickness, enclosed 
among the strata of the carboniferous limestone scries, 
generally in one particular part of the series, so that in 
tlie valley of the Tyne its place in the section is con- 
stant, and wc think it occupies generally the same 
situation in Teesdale, though in Weardale another layer 
of basalt occurs. We cannot doubt that it was erupted 
from several local centres or lines, and that its thickness 
at different places was affected by their proximity to the 
eruptive channel. * Jn the short space of six miles, from 
('uldrmi Snout to Hilton Beck, its thickness is diminished 
from *200 or MOO feet to 24 feet, and further South it 
disappears totally. But to the Northward the range is 
(interruptedly V) continued to the sea-coast of Dunstan- 
horough. 

No dykes pass from this mass (in Teesdale) into the 
rocks above or below ; so that a first view of the case, 
suggests the belief that it was poured out as a mass of 
submarine lava upon the >et incomplete deposit of the 
carboniferous limestone. Professor Sedgwick, however, 
( Vamh . Phil, Trans.) maintains that it was injected from 
below amongst these strata, aud that it penetrated be- 
tween the planes of the strata by violently uplifting 
them. 

The strata in contact are affeefed by the basalt in 
several ways, which may be well seen about the high 
force. The subjacent shales arc prismatized, so as to 
be mistaken for basalt, generally much dehitiiminized, 
so as to become grey or whitened, and rendered brittle 
by condensation, hut not much hardened. The sand- 
stones ate in several places highly hardened, rendered 
brittle and full of fissures, and much whitened. The 
limestones below the shale are remarkable for having 
their top bed full of iron pyrites. Those above, 
but not in contact with the basalt, are for a large tract of 
count i y totally changed from a full blue, lmrd, rather 
erinoidal limestone in the first degree to a pale blue, 
crystallized, soft marble, and in the extreme to a loose, 
granulur, sacchnroid rock, in which, nevertheless, some 
traces of organic remains (a erinoidal column) remain. 
But the most remarkable effect is the generation of gar- 
nets in the contiguous shale under the basalt of Cronkley 
scar; a case analogous to the one described in connection 
with the dykes of Plas Newydd by Professor llenslow. 
(f/Vo/. Trans.) 

The igneous rocks themselves are chiefly a fine- 
grained dark basalt, changing to a coarse-grained va- 


riety of the same ingredients. Contemporaneous veins Geology, 
of very beautiful hypersthenic and augitic trap pass ^h. 111. 
through the basalt in several points, and it io traversed 
by a few productive lead veins. 

The connection of several very remarkable and exten- 
sive basaltic dykes with this great 4 * Whin Sill” is rather 
assumed than proved. In fact, there is no evidence of 
any one of these dykes being traced into the Whin Sill, 
and as some of them pass into the upper coal measures, 
and one divides magnesian limestone, lias, and oolites, 
we prefer to consider them of different Ages, though 
certainly related to the same local centre of igneous ex- 
pansion. Successive injections of similar igneous rocks, 
at remote geological intervals, seem to be indicated by 
the phenomena. 

These dykes pass in directions to the East North-East, 

East South-East, and nearly East, and the lines which they 
take are so straight through all sorts of rocks, their re- 
spective breadths, and the quality of the rock in each, so 
nearly uniform, though in these particulars they differ 
from one another, that, considering their extraordi- 
nary length, we may safely rank them as amongst the 
most remarkable phenomena of English Geology. The 
Cleveland or Cock field dyke, in particular, ranges for 
seventy miles through the coal scries, (where it chars the 
coal, hardem the sandstones, and dehituminizes the 
shales,) the magnesian limestone, the lias shales and 
sandstones of the oolite series, which are affected like 
flic coal system below. Generally it is a nearly vertical 
dyke, but at Cockficld fell is subject to oblique expan- 
sions of a singular kind. 

The dyke which passes East North-East is remark- 
able for having a small vein of lead ore running by the 
South-East side of it, and for converting the shales 
through which it passes to the state of a soft, whitish 
shale, culled pencil bed, like those in connection with 
the Whin Sill. It does not cut through the magnesian 
limestone. 

Melaphyre, Pyroxenic Porphyry. 

The history of this rock, which has a base of augiteor 
pyroxene, holding crystals of felspar, is indissolubly as- 
sociated with the name of Leopold Von Buch, who, by 
a series of observations, chiefly founded on a survey of 
the Southern flank of the Alps, has been led to form the 
remarkable opinions : I. that the elevation of the East- 
ern range of the Alps, since the tertiary epoch, was 
contemporaneous with and dependent on the eruption of 
melaphyre; 2. that the dolomites of the Alps were 
produced from ordinary limestone at the same time 
and with the same dependence. The line of dolo- 
mites and mclaphyres extends (interruptedly) from 
Blciborgto Lake. Lugano; but the occurrence of so 
many masses ofdolomitic limestone in other situations 
than where melaphyre shows itself, must render incon- 
clusive the inferences drawn from their connection ill 
the Alps. Neither is this connection always very evi- 
dent. On the contrary, even at Lugano, it is rather near 
the augitic rock than in contact with it that the lime- 
stone is dolomitized. Von Buell's own Map and sections 
(Ann.des Sci. Nat, tom. xviii. pi. vii.) would hardly lead 
to the opinion that the dolomitization of the limestone 
was especially due to the presence of meluph>re. For 
between the dolomite and melaphyre of the peninsula of 
Lugano, mica schist and another kind of porphyry in- 
tervene ; and on Monte Argentem, the limestone which 
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lips upon the melaphyre is not dolomitized. T)e Beau- 
mont admits that it is even rare to find the dolomites near 
Lugano in actual contact with meiuphyrc. 

It would, however, be unjust to Von Buch to reject 
the hypothesis on this account. He himself says it is to 
gaseous eruptions accompanying the pyroxeuic eruption 
that we must ascribe the alterations of rocks. 

The influence of these exhalations might be felt 
far from the main fissures occupied by melaphyre, and 
De Beaumont generalizes the phenomena so as to 
refer the production of dolomite to the exterior line of 
fracture of the primary rocks ; that is, to the line which 
now divides the undisturbed from the disturbed rocks. 
See page 761. 

The view is thus entirely changed, and certainly ren- 
dered more philosophical. Whatever may be its fate in 
this amended form, Geologists will have been taught by 
it to investigate generally what connection time may be 
between certain phenomena of alteration of rocks, certain 
lines of disturbance, and particular erupted mineral 
aggregates ; and thus the field of research into the con- 
ditions of the local metamorphism of stratified rocks is 
greatly widened, and brought into nearer relation with 
the speculations concerning* general alterations of the 
primary strata around granitic nuclei and axes of ele- 
vation. 


C/ay stone. 

In the cliffs of Corygills (Arran) are several claystone 
dykes. One of these slopes at a considerable angle 
through the sandstone cliff, and, being very wide, shows 
a columnar structure in the middle rectangled to the 
plane of the dyke; along the sides it is slaty. Between 
the columnar porphyry ofDrtimadoon and the Coves on 
the West side of Arrau may be seen no less than five 
inl'M positions of claystone among the sandstone strata, 
mostly exhibiting a rude prismatic structure. 

Near Torinore is the celebrated arched vein or dyke 
of claystone represented by IVfacculloch, and considered 
as composed of ellipsoidal concretionary layers by 
Bone. It is redder and softer in the middle than at the 
sides ; it divides strata of red clay and white sandstone. 
Great variety of claystones occurs in the Pent land hills. 
(Professor Jaineson, ICern. Trans . vol. ii.) 

• 

Claystone "Porphyry . 

T rad^y tic porphyry, (Bone,) clay porphyry, as it is 
termed by Jameson, occurs on the Western shore of the 
island of Arran in considerable variety. It appears in 
tlie cliffs in huge overlying masses, and on the sand- 
stone shores in dykes of great width. At Drumadoou 
many interesting exhibitions of it occur. We extract 
the following brief notices from a journul of observa- 
tions in 1626. 

A dyke (a) of clay porphyry 20 feet wide, ranging 
South 40° West, includes large modified felspar crys- 
tals, which arc sometimes nodular in external figure. 
On the South-East side is a contiguous vein of green- 
stone. The porphyry encloses masses of greenstone ; it 
is not prismatic. A huge mass (6) of clay porphyry, like a 
dyke or rather interposed bed, dipping South, has on the 
South a layer of more basaltic aspect, the two being 
united in one specimen. In the fine range of clay por- 
phyry columns at Druinudoon, which are 60 or 80 feet 
high, occurs a dyke of greenstone passing in a line of 


double flexure obliquely through the pillars. At the 
base of these columns is a layer of inoie decidedly ha- t 
saltic rock with lew crystals of felspar, through which 
the same prismatic structure passes. Towards this 
great mass the dyke («) tends, nml is said to join it. 
A very wide dyke of clay porphyry, ranging North 60° 
East, (beyond the Coves,) has greenstone on each side, 
and also encloses greenstone. 
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Amygdaloidal Trap. 

The Hill of Kiuuoitl. one of the most remarkable 
masses of trap rock in Scotland, rises near IV, ih, limn 
out of the great area of red sandstones which lie against 
the primary strata of the llighluuds. Its height above 
the plain of the Tay is stated by Macculloch {(hot. 
Trans . vol. iv.) to be 600 fief, and it shows precipitous 
faces to sevcrul quarters. The greater part of the lull 
consists of an amygdaloid*.!! rock, whose basis varies 
from well-characterised basalt to wacke. The sub- 
stances which impart to live rock its amygdaloidal cha- 
racter are, green earth, calcareous spar, quaitz, and 
calcedony. Green earth, or chlorite, occurs in nodules 
generally small and round ; it also invests the roundish 
nodules of calcareous spar, which are crystallized within 
but externally accommodated to the shape of the cavity 
in the rock, or to the cry stals of quartz which sometimes 
line the cavity. The spar is sometimes crystallized at 
liberty in a cavity of quartz or agate. 

The quartz is found to vary by several shades into 
agate and calcedony, which latter sometimes appeals in 
a staluctiticul form hanging downwards in the cavities 
of the amygdaloid. Alternating zones of quartz and 
calcedony sometimes appear in the same nodule; ame- 
thystine quartz also occurs, and we have m Kiuumil 
almost every variety of angularly zoned agates. Veins 
as well as nodules of calcareous spar and quartz divide 
the rock, anil more rarely sulphate of ban ter, chert, 
and agate. Veins of heliotrope have also been found, 
but without the red spots. Mucculloch thinks there is 
not the least reason to doubt that the substances now 
filling the cavities of the amygdaloid have been intro- 
duced at some period since the cavernous aggregation 
of that rock from a state of lava. 

Shales and sandstones are hardened and altered, and 
much confused at their junction with the trap. A re- 
markable case of seeming prolongation of thin masses 
of the shale into the substance of the trap, so as to 
resemble veins, is described and represented by Muc- 
eulloch. (Grot. Trans, vol. iv. pi. xi.) In these seeming 
veins the laminated texture of the schist disappears. 

Alternations of amygdaloid and sandstone are fre- 
quent about Oban. 


tVacke. 

Respecting this softest of the trap rocks we shall 
only observe, that in the Gallon Hill, Ed in burgh, it 
forms part of those variable masses, which .sometimes 
may be called amygdaloid, sometimes porphyry, and not 
unfrcqueutly assume the aspect of breccia; being like- 
wise traversed by numerous small veins or strings ol 
calcareous spar. In the supciior and Eastern pints ot 
this hill wockc alternates with bituminous shale and 
nodules of argillaceous ironstone, in many repeated 
strata dipping to the East. At the surfaces of junction 
there sometimes appears a gradation from one rock to 
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till* other; ami it docs not appear that any decided 
marks here occur oi’ the action of heat upon the shales. 

Pitchstone. 

As before observed, pitchslonc occurs in the Isle of 
Arran both in dykes and interposed beds among the 
sandstone strata. The Western coast is particularly 
interesting in this respect. The same cliffs which exhi- 
bit so many clay stone masses alternating with sand- 
stone, contain also parallel short bands of pitchstone 
probably connected with the neighbouring dykes. One 
of tlicsc dykes, about 30 feet wide, is curiously mixed 
with hormdouc, and for the most part bordered along 
the sides by greenstone. The disposition of these sub- 
stances in the fissure will he understood by reference to 
the. horizontal plan, pi. vii. fig. 10, where file letters 
II, P, and <« are placed against the horn** lone, pitchstone, 
and greenstone, respectively. The pitchslonc is gene- 
rally of a dark green colour, fissured longitudinally into 
rude pibms, v\ liieh are jointed transversely at about two 
feet distance, or concreted into smooth conical masses. 
It seems to pass gradually into the hornstone, which is 
laminated parallel to its bounding surfaces. The dyke 
appears in one place to deviate from its vertical course 
and to go under a portion of the sandstone. A green- 
stone dyke, which is nearly right angled to the course of 
the pitehvtone, is shifted by it. 

in another dyke, one side is yellow pitchstone closely 
approximating to clay stone, within this light green and 
red stripy pitchstone, then silicious splintery stone in 
irregular masses, (hornstone,) and the opposite side is 
greenstone. Another of these curious dykes is green 
pitchstone on each tide, then red pitchstone, and in the 
middle dark grey hornstone. 

The. pitchstone bed at Cory gills is 1 5 feet thick, and 
a dark green or black rock, enclosed between strata of 
sandstone, which are hardened towards the junction. 
The pitchstone is inaiked by lines parallel to its nearly 
level surfaces, and these ate cios.sed by the smooth dis- 
tant vertical faces of prisms. The lower part is porous; 
between it and the sandstone beneath is a white crumbly 
or fragmentary mass soft as steatite, which it much 
resembles. 

Trap Tuff. 

Porphyritn: Breccia . “ Volcanic Sandstone." 

He-aggrcgations of the disintegrated or liagmenfed 
materials of trap rocks are generally known under the 
vague name of trap tutf and compared with volcanic 
tuir, sometimes without much reason. Amongst the 
slaty rucks of Cumbria, in Glen Coe and Hen Nevis, 
fragments of fcl spathic and porphyritic rocks are fre- 
quently found united into a solid breccia; under Arthur's 
Seat and in the Cal Ion Hill recomposed irregular strata, 
chiefly derived from fragmented rocks of igneous origin, 
appear associated with ordinary greenstones, porphyries, 
and basalts. In many instances these have no just 
claim to be ranked with the pyrogcumis rocks, but 
should be transferred to the class of tumultuary and 
local aqueous deposits : the circumstance that the prin- 
cipal portion of the ingredients is of igneous origin , is 
not probably confined to these rocks, but is often, per- 
haps with truth, asciibed to the whole mass of sedi- 
tncntaiy deposits from water. 

^ In the vicinity of Oban, in juxtaposition with some 


iuterestin<r amygdaloids and altered shales, sandstone 
beds, composed of the grains of disintegrated trap locks, 
arc found resting on conglomerate, amongst whose peb- 
bles are granite, porphyry, quartz, red and white amyg- 
daloid, fine-grained basaltic trap, sandstone, jasper, &c. 

Mr. Murchison has recently found, along the South 
Wales border, many examples of the occurrence of sand- 
stone composed of the ingredients of trap rocks. A 
little removed from the steep slopes of the Wrekin and 
Caer Caradoc, rocks of this kind occur in beds, and con- 
tain organic remains, but in all respects of composition 
strongly resemble greenstone. This was noticed by 
Aikin. At the Southern extremity of the Wrekin, the 
stone is of a dark green colour, and is evidently com- 
posed of the ingredients of greenstone and syenite with 
a few scales of mica. Near the Caradoc these beds 
contain much decomposed felspar. They are part of 
the 1th system, p. 5(iS, of the fbssiliferous grcywacke of 
Wales, and are attributed to submarine eruptions of 
volcanic substances in such a slate of disintegration as 
to mix wiih the sea water, and be diffused over consider- 
able breadths of the bed of the sea. 

Section 4. 

Mineral Veins. 

The circumstances attending the occurrence of mi- 
neral veins in the rocks, their intersections with each 
other, and the arrangement of their mingled metallic 
and sparry contents, have been sufficiently studied to 
ascertain that these valuable elements in the adaptation 
of our Planet to the wants of its inhabitants have been 
subjected to a great variety of processes depending pos- 
sibly on one general law, but greatly modified both in 
combination and energy by local and periodical condi- 
tions. In the vague language of impel fed Science, we 
suy, many causes, separate or variously combined, have 
been concerned in the production of mineral veins; and 
it is probable that the most advantageous mode of in- 
vestigating their oiigin, consists in the attempt to infer 
from the mass of fads already brought together, what 
me, respectively, the spheres of action and limits of inten- 
sity belonging to the several processes concerned ; and 
afterwards, from a more general contemplation of these 
processes ifi their various degrees of combination, rise to 
a comprehensive notion of their connecting laws and 
general cause. 

This is not the mode usually followed by wrhers on 
mineral veins. Neglecting the general fact of the com- 
plication of the phenomena, they have been mostly 
anxious to try tlicir bearing individually, or in mass, 
upon the perfectly general question of igueous or aque- 
ous agency, and thus nothing' was explained. A vast 
abundance of minute information" on veins lias been 
irrecoverably wasted ; and the experienced fiiiner laughs 
at the reasoning of the h&lf-inforjbed Mineralogist, con- 
temptuously rejects his theory of veins, and contents 
himself with believing that the facts arc inexplicable. 
This dissociation of observers and reasoners is the true 
cause of the comparatively small advantage which has 
been derived to Geology from the immense and various 
mines of the British Isles; on the one hand vve have the 
greatest possible variety of phenomena, on the other the 
full extent of the resources of chemical and mechanical 
philosophy, but these have not been combined. If the 
zoological principles of Geology are better established 
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Geology, and more fertile in deductions than the mineral princi- 
Ch. Ilf . pies, ,*t j 9 no t because our knowledge of organic nature 
is more advanced than the science which treats of the 
constitution and agencies of inorganic matter, for the 
contrary, perhaps, is true, but because in the one case 
the ancient effects and the modern laws of action have 
been brought into mutual illustration, in the other 
deprived of all connection. 

In order to prosecute the investigation according to the 
principles which we have stated to be the best, we must 
limit our inquiry to those subjects most distinctly con- 
nected with metallic accumulations in the rocks. To sup- 
port inferences concerning the general laws of processes 
which have produced mineral veins, we may with great 
advantage include the history of basaltic and granitic, 
and porphyritic dykes, but for the discovery and estimat- 
ing of the processes themselves only those effects must 
be examined in which they are especially concerned. 

Though in some instances the distinction between 
rock dykes and mineral veins be imaginary, they are in 
general clearly contrasted by the nature of the sub- 
stances which they contain : in the former case, crys- 
tallized minerals of the same kind as those great interior 
masses of consolidated rock from which they often are 
evidently ramifications ; in the latter metallic substances 
which are not known to exist in nature except in these 
situations and in other very similar or distinctly related 
to them by position, and crystallized or earthy minerals, 
seldom of the same kind as those which occur in any of 
the rock dykes. To this general rule quartz is one of the 
most striking exceptions; yet even in this instance it is 
remarkable that the quartz of veins is of a very different 
aspect from that mingled with the ingredients of granitic 
. and trap rocks. We must therefore take the presence 
of metallic matter and certain noumclallic substances 
usually connected therewith, and commonly culled vein- 
stutf, as the leading characteristic of the mineral veins 
whose history we are now to examine, and connect 
with these all other cases of metallic aggregations or 
occurrences of the vcin-stuir which seem referrible to 
the same or analogous processes. 

This view embraces the following points of research. 
1. What substances are found in mineral veins and re- 
positories. 2. The manner of their aggregation or mix- 
ture. 3. The situations of their occurrence. 4. The 
relations between frequency, arrangement and contents 
of the veins, nature, age, and position of the rocks in 
which # iiey occur. 


Substances in the vein . 

What sub- The simple minerals \yhich occur in veins and analo- 
stunces, &c. gous situations, ore far more numerous than those 
which are found as component parts of the rocks. 
Igneous rocks, and especially those of modern volcanic 
origin, hold a very great variety of non metallic sub- 
stances, some of which also occur in veins ; hut it is 
almost exclusively in this latter that we are to seek the 
metals in their pure state, alloyed with one another, or 
mineralized by combination with sulphur and other 
combustibles, with oxygen, chlorine, and other gases, 
or converted into salts by union with various acids. 
Every elementary substance yet discovered by Chemists 
exists in the earth, and it is probable that none of these 
are entirely absent from the solid contents of mineral 
veins ; though this has not yet been shown to be the case 
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for iodine and bromine, which seem universally present in Geology, 
the modern ocean, and azote, which appears in an Ch. 111. 
especial manner devoted to the atmosphere and to the “v~- / 
organic portion of nature. 

The metallic substances seldom occur pure, sometimes Alleys, 
in alloys, similar for the most part to those now produci- 
ble by the Chemist, as silver, antimony, cobalt, nickel, 
iron, with arsenic ; silver and nickel with antimony ; lead, 
gold, silver, and bismuth with tellurium; silver with 
mercury ; platinum with gold, &e. The onl> known 
circumstances which stand us antecedents to the produc- 
tion of such alloys, is heat, produced by either chemical 
or electrical action; atul perhaps there is no single fart 
connected with the theory of veins, on which the con- 
clusion of the influence of heat in their production 
might be more securely based. The rarer occurrence of 
pure metals affords ail argument perhaps of less force, 
but perhaps we may draw the same inference from ComburcK 
the very numerous class of metals mineralized by union 
with combustibles, as sulphur, phosphorus, carbon, 
selenium, &c., to the formation of which, according to 
the state of our knowledge of chemical forces, heat 
would appear to be directly necessary. 

We cannot apply this general argument to the case Oxides and 
of the metallic oxides which are very prevalent in veins, 
because, in the first place, these are produced under 
various relations to heat, moisture, and contact with 
gaseous substances; and, secondly, have various degrees 
of permanence when exposed to high temperatures, 
either separately or combined. Neither have we any 
general conclusion to present concerning metallic salts, 
which likewise are not rare in veins, since these arc 
also in the same way various in their origin and degree 
of permanence. There is besides a difficulty attaching 
to this branch of the subject arising from the interesting 
fact, that, in very many instances, metallic oxides and 
salts are derivative compounds from sulphurcts and 
other primary combinations; and when this is very 
evidently the case, they arc called epigcnc. This may 
be said to be even frequently the case with oxide of 
iron, carbonate of copper, and probably carbonate, phos- 
phate, and other salts of lead. 

Resides the metallic ores which impart to many Nornnc- 
veius their most striking, if not most constant characters, ,a ! lic 
various earthy minerals lie in these repositories, and, as Ill!Uvra 
will afterwards appear, under certain definite relations 
to the enclosing rocks as well as to the included metals, 
and with a less distinct dependence on the local situa- 
tion or Mining district . These earthy substances are 
usually called the gangue, vein-stuff' or matrix of 
the ore. Generally they are crystallized, as quartz, 
fluor spar, calcareous spar, phosphate of lime, die 
sulphate and carbonate of barytes, strontites, &c. ; 
sometimes appear massive, as quartz and several other 
minerals when the vein has no cavities in it ; and some- 
times the vein-stutf is entirely soft argillaceous matter, 
of different aspect in different mining districts. We 
are not aware that these soft kinds of vein-stuff have 
ever been analyzed, though probably some curious re- 
sults might reward the labour. The Cornish mines 
would furnish many examples. 

In some veins, masses of the neighbouring rocks arc Rider, 
enclosed and penetrated to a great extent by little strings 
of the ore and spar, so os occasionally to be worth the 
trouble of working. The vein is said in this case to 
bear a rider. It, in fact, sometimes becomes under 
these circumstauees a double vein : more rarely pebb’es 
5 ii 
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and other marks of watery action, are stated to occur in 
soft veins. 


Mode of Aggregation of the Ingredients . 


In this respect there is a variety of appearances which 
deserve especial notice as indicating some of the condi- 
tions under which the vein was filled. In some cases, 
for instunce, the whole breadth of the vein is occupied 
by one kind of substance, as lead ore, or quartz, or sul- 
phate of barytes; in other instances, the metallic matter 
is interspersed in small masses through a general basis, 
as quartz ; but, generally, the different substances which 
fill the vein arc ranged in a definite order of succession 
from the sides of the vein toward the middle, in which, 
commonly, the metallic matter occurs in an irregular 
vertical table called a rib of ore. These variations are 
best observed in the proper veins, but arc also to be 
noticed in the nests and detached masses of ore and 
vein-stuff which sometimes occur in the vicinity of the 


General 
iile.i of . 
mineral 
vein. 


Supposed 
successive 
deposition 
of the sub- 
stances. 


Reasons 
against this 
notion. 


veins. 

The ordinary notion of a mineral vein is well exem- 
plified in some Derbyshire specimens, not rare in col- 
lections, which, when cut across, show in the middle 
masses or a continuous rib of galena, and on each side 
of this, to the extreme edges of the mass, (or narrow 
vein,) luyers of fluor spar and carbonate of barytes in 
frequent alternation, all the materials being crystallized 
together without leaving any cavities, yet preserving 
their own character of structure. 

Thus, in the diagram, pi. vii. fig. 11, a is the middle 
rib of galena, b b t c c, the alternating bands of barytic 
spar and tluor spar ; d d, the masses of rock which en- 
close the vein, are called the walls or cheeks of the vein. 

The contemplation of these specimens seldom fails to 
impress upon the mind an imperfect conviction that the 
several bands of mineral substances were deposited on 
the cheeks or walls of the vein in succession, the middle 
being filled last of all ; and this theoretical notion has 
been illustrated by comparing a mineral vein to a narrow 
gallery whose walls were covered by many successive 
coats of plaster of different colour and composition. 
Werner adopted the notion of the unequal antiquity of 
the vertical layers of the veiu so implicitly as to speak of 
the middle ribs as always of less antiquity. It is diffi- 
cult to resist this impression, especially when, in addi- 
tion to the circumstance of the succession of the lamime, 
we observe that these laminae are so crystallized as to 
turn their free terminations towards the centre of the 
vein, and in that direction to imprint the next layer 
with their own forms, just as crystals forming in a vessel 
shoot their points toward the part still remaining 
liquid, and in that direction are covered by the subse- 
quently formed crystals. Very similar inferences are 
suggested by certain agates, and more distinctly by 
geodes in basalt, and the crystallized cavities in lime- 
stones, in the interior of shells, &c. ; in which cases the 
hollow towards which the crystals pointed still remains. 

Yet this first impression loses much of its force when, 
instead of confining ourselves to a cabinet specimen, 
we examine the whole extent of a mine ; for here in the 
first place it is very often found that the regular succes- 
sion of minerals from the sidfc to the centre is a limited 
though repeated phenomenon ; that the rib of ore is of 
short horizontal, and sometimes still shorter vertical 
extent, diminishing to nothing, or diffused in small 
grains through the contiguous spars; that different 


metals are found in the same vein ut different depths 
and at distant points along its course ; and that both 
the quantity of metal and the presence of spars are de- 
pendent on the hardness, and perhaps on some proper- 
ties imparted by the chemical nature of the rocks which 
the vein divides. Instances of this will be given 
hereafter. 



The phenomena of crystallization before alluded to Chemiral 
can hardly be thought to prove the successive introduc- reasollM - 
tion of the mineral lainin© into the vein ; though very 
probably they do demonstrate the order of crystallization 
of these substances. 


In some cases we observe indications that one kind 


of mineral has been formed round another as a nucleus ; 
as for example, sulphurct of copper round icosuedral 
iron pyrites in a part of Caldbeck fells, Cumberland, and 
more frequently in many places carbonate of copper 
and carbonate of lead round the sulphurets of those 
metals. It is very ofleu the case that the metallic 
matter of the vein is collected into the middle and forms 


there a distinct tabular moss, called a rib of ore, more 
rarely it is disseminated in the gangue. Generally, only 
one kind of metal abounds in the same part of the vein, 
but the same vein may yield lead above and copper 
below, copper above and tin hclow, or lead in one 
place and copper in another. The observation is fre- 
quent that ore is collected into certain vertical portions 
of a vein which are worked above and below level, and 


betweeu which little but veiiirstuff is found in the horizon- 


tal drift. There is a vague notion amongst miners, that 
veins are most productive in the deep, and it is at least 
probable that they are less rich near the surface. 

Werner insists on the fact, that certain associations of Association 
minerals can be traced in veins. He notices the con- ol ni 1,101 als * 


currence of lead glance, and blende or calamine, and 
coppefr pyrites ; of cobalt, copper, nickel, and native bis- 
muth ; of tin, wolfram, tungsten, molybdena, and arseni- 
cal pyrites; of topaz, fluor spar, apatite, schorl, mica, 
chlorite, and lithomarge ; of brown ironstone, black iron- 
stone, manganese, and heavy spar. He says where tin 
occurs, ores of silver, lead, and cobalt, heavy spar, calca- 
reous spar, and gypsum are rarely tound. Cinnabar and 
other ores of mercury scarcely ever occur with the ores 
of oilier metals, except iron ochre and iron pyrites. 

That fragmented masses of the neighbouring rocks Rolled and 
should be found in mineral veins, cannot be thought fomented 
surprising. It is a common occurrence in mining mttbbCS * 
districts, both of primary and secondary rocks.,.. Thus 
gneiss at Joachimathal, clay slate in Cornwall, limestone 
in Cumberland, are included in the veins. A more re- 


markable case is that of rolled masses lying in the 
veins. Werner mentions a vein in Danielstollen at 


Joachimsthal, fourteen inches wide, which, at one hundred 
and eighty fathoms depth, was almost entirely composed 
of rolled pieces of gneiss, some of them nearly spherical. 

In the Stoll Kefier, near Riegelsdorf, a vein of cobalt 
was cut through by another vein of sand and Killed 
pieces. These examples seem satisfactory, but we must 
always be careful to discriminate between rolled pebbles 
and concretionary masses. 

Mineral veins ure usually distinguished by miners General 
into several kinds, according to their general form and fo * ms of 
direction, because these circumstances are the most vein8 ' 


influential in the arrangement of their works. Rake 
veins , the most common and characteristic, may be consi- 
dered to fill long, narrow fissures, which pass in a vertical 
or highly inclined direction downwards from the surface 
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trough a great thickness of the subjacent rocks, what- 
Ch. III. eyer t jj e8e ma y Yy e% atl j preserve nearly the same angle 
of inclination and the same linear direction through their 
whole course. Pipe veins are also highly inclined, and 
pass downwards in tfie same manner, but they rather 
resemble irregular chimneys than fissures, and are sub- 
ject to great swellings and contractions of their diame- 
ter. They sometimes pass downwards along the sur- 
faces, and in other cases penetrate through the substance 
of the strata. The mines in the neighbourhood of Ecton, 
in Staffordshire, are on pipe veins. Perhaps we may 
give the same name to the irregular cavity of copper ore, 
which forms the celebrated Parys mine in Anglesea, and 
to the iron mines of Dannemora, in Sweden. Flat veins , 
or streaks , as far as we are acquainted with them, seem 
hardly to deserve a special name, being only portions of 
rake veins which have been changed in their inclina- 
tion, and made to pass for limited distances parallel to 
the beds. In the limestone districts of the North of 
England, this happens principally in connection with 
certain limestone beds. Williams has a title of Gash 
veins to express such as range for considerable lengths, 
like rake veins, but are wide at top, and grow narrower 
downwards, till they entirely vanish. This is a rare case ; 
though Werner’s opinion seems to be that many veins 
grow narrower downwards. 

Strings. Perfect parallelism of the sides or walls of a rake vein, 
which is the most regular of all, is a rare phenomenon. 
Most commonly, indeed, there is a definite boundary to 
the mineral masses presented by the rocks on each side, 
but this is only on the great scale ; and the operations of 
mining disclose to us innumerable cracks and fissures in 
these boundary walls, which, when filled by metallic or 
spongy matters, are called strings, and are frequently 
worth the labour of following even to great distances 
from the parent vein, if, indeed, we are entitled^ to use 
this hypothetical expression. The notion of miners ge- 
nerally appears to be, that these strings are to be viewed 
as feeders of the vein, and in proportion to their fre- 
quency in many instances, is the productiveness of the 
vein. In the accompanying diagram, pi. vii. fig. 12, 
the vein t\ v is represented ns sending out small branches 
or strings Into the neighbouring rock. A rock thus pe- 
netrated by strings is sometimes said to be ridcred , just 
as the masses which are often included in the vein, and 
the walls which bound it, are called rider . In many 
rocks these ridered parts are very greatly altered from 
their priginal state. 

It sometimes happens that, in passing through rocks 
of various hardness, as limestone, shale, &c. the veins 
turn flat for a short distance on the hardest und most 
connected beds, (as, for example, on the Tyne bottom 
limestone of Cumberland,) and afterwards continue their 
course. These flat parts usually send off strings into 
the limestone, which may thus be ridered to a consider- 
able distance. 

Dissemina- Sometimes the mineral is disseminated through the 

ltd veins, parts of the rock adjoining a vein, or collected in small 

&c * nests and other closed cavities. This happens not only 

in the Cornish mines, in killas and granite, but in those 
in the mountain limestone tracts of the North of Eng- 
land, and even in magnesian limestone. Generally 
speaking, we may be sure that this metallic impregnation 
is so related to the veins, that it is an effect of the same 
agent. Whatever filled the veins, also transferred to small 
distances from them some of their constituent minerals. 
Certain metals and ores are more liable than others to 
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this lateral diffusion. Native silver, silver glance, red 
silver ore, native copper, tin me, iron pyrites, and red 
iron ochre, are specially noted by Werner ns occurring B v ■ 
in this way. lie saj s, copper ore, pyrites, and lead glance 
seldom exhibit this effect. The assertion may be dis- 
puted as to galena, which is found as well as blende, 
and bitumen, and calc spar, and quartz, in closed cuvitics 
of shells, in mountain limestone, and in other strata. 

The dissemination of tin ores through some of the 
rocks of Cornwall, is noticed by Mr. Hawkins, under the 
title of Tin-floors. ( GeoL Sac. of Cornwall Trans, vol. ii.) Tin floors. 
He observes, that the whole tenement nt Botallnck is ^kwurks, 
said to be full of tin floors. At Zinnwald, mineral beds 


or floors have long been the object of mining adventure. 
There granite alternates with the tin floors, which consist 
of quartz and mica, with tin ore, fluor spar, and wolfram, 
quarts and mica with tin ore, &c. At Bmfonhriinn a 
floor of this kind has been very extensively worked in a 
gneiss rock. 

The stockwork of the German miners is to be consi- 
dered as a mass of rock impregnated with melnllie mat- 
ters, in numerous small veins, which come together irre- 
gularly, so as to make particular parts extremely rich. 
The working of such mineral repositories is directed by 
quite other principles than those which serve for straight 
veins of definite magnitude. The stockwork is generally 
opened like u vast quarry, and the excavations arc prose- 
cuted irregularly in the most favourable directions. Per- 
haps the copper mine of Parys mountain in Anglesea, the 
iron mine of Dannemora in Sweden, the tin ore mine of 
Geycr in Saxony, arc examples of immense stock works. 
Werner, however, appears to have considered the stock- 
work as peculiar to tin ores. 


Relations of Veins to each other . 

The influence which veins exert on each other may be 
in some measure ascertained by nn examination of the 
phenomena at the points where they come into contact 
or cross each other. At these points it is very often found 
that the quantity of ore is suddenly increased to u large 
amount, and for some distance, either in one or both 
of the veins. Many veins are productive only near such 
points, or yield there peculiar ores and minerals. This 
does not depend upon (he enlargement of the vein 
merely, but is one of many facts which appear to indi- 
cate the ugcncy of certain electric attractions in the dis- 
position of the materials of mineral veins. We have 
heard miners say, that in certain cases neighbouring 
veins are subject to a kind of reciprocity, so that they 
are not both productive in the same ground, but where 
one is rich the other is poor ; but this cannot be esta- 
blished without a very large collection of instances care- 
fully observed. 

The intersections of veins likewise furnish us with Ago of 
another well-ascertained class of facts, which throws itiuh. 
light on the relative epochs of their production, independ- 
ent of the evidence on this subject furnished by the rocks 
which they divide. When two veins cross, it almost in- 
variably happens that one of these cuts is continued 
right through the other, ns a wall is sometimes conti- 
nuous through another wall of brick from top to bottom. 

Thus, a vein of copper ore may cross and cut through a 
vein of tin ore, a vein of lead ore may cut through a veiu 
of copper o.c, and all these be cut through by some 
other sparry vein or porphyry dyke. It is supposed, by 
almost every writer on the subject, that the relative an- 
5 h 2 
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^ 1C ve * ns w ^* c ' 1 ^ 1US intersect one another may 
be immediately determined ; and that in every case the 
vein which is cut through is the oldest of the two. Werner 
took this as the basis of his classification, of veins, and 
most practical as well as theoretical miners agree in his 
views ; but they are nevertheless controverted upon va- 
rious grounds, and as the question is of great interest, it 
will be useful to present a short connected view of the 
facts bearing upon it. 

We cannot make a step-in this argument, except upon 
the admission that the veins arc posterior to the rock 
which encloses them ; in other words, that the space in 
which the mineral masses of a vein lie, once existed as 
a fissure in the rocks, and was subsequently filled up by 
the accumulation of the sparry and metallic matters. 
This is generally supposed by uuthors to he a self-evi- 
dent proposition. It is equally allowed by the Wernerian 
ami lluttonian hypotheses ; and practical miners can 
with difficulty be made to understand that any doubt has 
been entertained on what seems to them so plain a truth. 
Phenomena But the embarrassing phenomena of the granitic and 
in Cornwall m j nera i veins in Cornwall have created amongst some of 
considered, ^ (j e0 ] 0 gists of that district a strong suspicion, that veins 
are not to he pronounced of different antiquity on account 
of the circumstances of their intersection, nor to he con- 
sidered as filling fissures at all ; hut that the veins and the 
rocks which enclose them are of the same origin. Even the 
common fact of veins passing through slate into granite, 
docs not appear to them subversive of their views, which 
would reduce to one epoch and one origin the most dis- 
similar chemical and mechanical phenomena. This in- 
sulated opinion has been generally neglected, as opposed 
to the actual state of knowledge and inference on the 
subject, hut as it undoubtedly contains at least a portion 
of truth, we shall trace a few of the circumstances on 
which it is founded. Those who favour the opinion in 
question, must not be surprised at our omitting alto- 
gether what may perhaps appear to them the strongest 
argument of the whole, viz . the mechanical difficulties 
attending the generally received view, that veins were 
originally fissures of the rocks, because these difficulties 
have been in some cases surmounted, and in the rest 
are certainly more than balanced by others of a different 
kind atfecting the Cornish theory. It is, besides, no 
argument for one theory that another is beset by diffi- 
culties which are left unexplained in both. 

In th« 1 . It is a general fact, that the walls of a vein partake in 

mighbour- some degree of its characters, and that effects, appa- 
vein. a rcnl, y depending on the vein, propagate themselves 
into the neighbouring rocks. Thus the walls become 
more indurated, more crystalline, and for considerable 
distances are filled with the matters of the vein ; and 
even the very substance of the rocks is impregnated 
with mineral combinations. In a Country where 
the veins are numerous, large masses of the rocks may 
in this way be ridered , as it is termed in the North of 
England ; and if such a gradation of characters could be 
relied on as proof of contemporaneity of origin, this 
may in a few cases lead to the conclusion, that the veins 
and rocks are coeval. 

But what is the true conclusion on this point ? Is it 
not that these effects are locally related to the veins, be- 
cause they are a consequence their influence, or rather 
of the agency which occasioned them ? That the rider- 
ing of the neighbouring rocks is coeval with the pro- 
duction of the vein may be allowed ; but because these 
rocks are clearly defined from the veins, and fragments 


of them are enclosed in the veins, and the mineralizing Geology, 
influence which they have suffered obviously depends 
on the influence of the veins, wc cannot hesitate to 
admit that these latter arc of separate and subsequent 
origin. These fact9 are similar to what occur in other 
mining districts, where the stratification and consecu- 
tive depositions of the rocks divided by veins is perfectly 
evident, and where, therefore, contemporaneity of the 
veins is impossible. 

2. It is found, that when veins divide different sorts In different 
of killas or other rocks, that their contents vary in some roc,cs * 
inconstant manner, according to the nature of the rocks ; 

and. therefore, it has been sometimes argued, that the 
production of the one is dependent on the other. The 
most usual notion on this subject is, that the veins may he 
viewed as secretions from the rocks ; and by some this is 
supposed to have happened after the production of fissures ; 
by others, by a mere internal separation of the parts of 
the mingled metallic and earthy mass. 

This notion of the slow separation of the ingredients 
of rocks is in accordance with the principles and facts of 
Chemistry, and must he often appealed to, if we would 
expluin by true causes the phenomena of mineral veins ; 
hut with respect to the question before us it is indecisive, 
and may with equal propriety be applied to veins of fis- 
sures and veins of segregation. The same electric at- 
tractions between certain minerals in veins, and certain 
rocks about them, obtain in the secondary strata, as in 
the slates and granites of Cornwall ; but if the preexist- 
ence of fissures in the former is certain, why shall we 
deny it in the latter? 

3. There are combinations of minerals in masses of Contempo- 
various figure, which, upon very good grounds, are ad- rar . lC0U8 
mitted to be contemporaneous with the rocks in which ' cin8# 
they lie ; and if we choose to call by the name of veins 

all stil'h distinct combinations of minerals, these cer- 
tainly are contemporaneous veins. When in granite, 
greenstone, &c., we find particular portions either linear, 
tabular, globular, or in any other figure which have a 
different proportion of ingredients from the other parts, 
and in consequence become conspicuous and distinct, 
except at the edges, which graduate without any sign of 
fissure into the ordinary mass of the rock ; these may 
certainly be pronounced contemporaneous veins, and 
they have heen produced by a process of secretion or se- 
gregation during the crystallization of the rock. These 
cases are perfectly distinct, and by contrast place in still 
more striking light the true relative age of v.eins of 
fissures. 

In some instances veins of calcareous spar or other 
minerals lie wholly included in limestone musses, and 
these are properly called veins of segregation, but they 
are not contemporaneous veins », for they have clearly 
been fissures filled at some period since the consolida- 
tion of the rock, and the proof is, that shells, corals, &c., 
are split and sometimes displaced by these sparry veins, 
which undoubtedly occupy cracks left by the shrinking 
of the rock in the process of consolidation. 

Upon the whole then, allowing every just latitude to 
the doctrine of contemporaneous veins, we must admit 
that the greater number of veins are posterior to the 
rocks which enclose them. 

This granted, we may) return to the intersections Interaction 
of veins. The most simple case is when two straight <tf veins, 
veins cross without any change of direction, or any 
lateral displacement ; and the order of effects appears to 
be the production of a fissure, and the filling of this by 
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Civiiloey. a vein, which was afterwards broken through by anotlier 
Ciu III. f lssllr0j an( | ^||i Sv j n its turn, received another mineral 
vein. It seems difficult to doubt the truth of this ex* 
planation ; for if the vein which cuts through the* other 
be subsequent to the fissure in which itself lies, it must 
also be subsequent to the vein which that fissure di- 
vides. The occasional complication of the problem by 
the number of intersections does not at all change its 
nature. 

* There are, however, two things to be attended to, 
cruViln.-. 10 w h> c h require further consideration. It is sometimes 
observed, that the vein which upon this theory is the 
oldest, suffers a particular kind of accident at its 
junction witli the other. It is divided into several 
branches on one or both sides of the cross veins, 
and these branches enclose portions of the neigh- 
bouring rock9. There is some difficulty in this case 
however it be considered, and we must demand more 
exact accounts than are usually met with of these facts 
before attempting to reason upon them. The coinci- 
dence of this splitting of a vein with the crossing of 
another vein, may often be only accidental ; for such 
splitting frequently occurs in a wide vein, far from any 
cross course. 

The fissures which have received the mineral veins 
ure in most cases accompanied by slips or dislocations 
of the strata in a vertical direction, and the veins are of 
course subject to the same accidents of displacement. 
When two veins cross, and both are vertical, the lines 
of beuringof the two portions of the displaced vein must 
remain coincident after the fracture ; if the divided vein 
be not vertical, its separated portions will have their lines 
of direction parallel, but not coincident; and in any hori- 
zontal plane they will appear to have sustained a lateral 
movement. Thus in the diagram, pi. vii. fig. 13, the 
cross vein a and the divided vein h ure both vertical, 
but the divided vein c is inclined in the direction of the 
arrows, und its apparent lateral displacement is really 
due to a vertical movement. If two divided veins are 
inclined in opposite directions, nml be dislocated by the 
same cross vein, they will appear to have moved la- 
terally in opposite directions, as c and d. 

Were we to include the cases of the inclined cross veins, 
and also those where the inclination of these veins varies 
both in amountaud direction, the results would become too 
complicated for explanation without mathematical sym- 
bols ; and we must, besides, remember that the displace- 
ment pf the Btrata is really very seldom in a vertical 
direction, but generally accomplished by an angular 
movement from some fixed point, or round a virtual 
centre. We must, therefore, be very slow to admit the 
difficulty of the problem of the displacement of the solid 
masses of the earth as an argument ngaiust the received 
opinions, concerning mineral veins, for this principally 
depends on the want of precise and sufficient data. 

Several remarkable cases which occur in the mines of 
Cornwall have been simply explained by Mr. Lonsdule, 
and there cau be no doubt that the application of the prin- 
ciples of solid geometry to other complicated phenomena 
of that interesting region will gradually remove much of 
the mystery which has been supposed to hangover them. 

Geographical relatione of Veins . 

Though, properly speaking, there is no real connection 
between mineral veins and the external physical con- 
figuration of the earth, yet, as this configuration is con- 


nected with peculiarities of internal structure, it is gene- Geology, 
rally found, as Werner long ago indicated, that mining If*. 
districts are almost entirely confined to the vicinity ul* 
mountains or elevated land, because in those situations 
the rocks were most dislocated by slips, and divided by 
fissures at the period of their elevation. It is not the 
absolute height of the ground, but the circumstance of 
its having been much exposed to subterranean convul- 
sion that determines the pre\alencc of minerul veins. 

The rich mines of Cornwall are in comparatively low 
situations, but they arc all in the vicinity of erupted and 
elevated rocks. 

There appears to be no limit either of height above or 
depth below the sea, which defines the productiveness 
of veins, though in some Countries the higher, and in 
others the lower situations arc most favourable. 

It is sometimes found that the contents of a vein vary 
with the depth, without any particular geological condi- 
tions ; as for instance in Cornwall copper is prevalent in 
the miues at greater depths tliun tin, and in the slate 
tract of Cumberland veiti9 which bear lead near the 
surface yield copper in the deep. In oilier cases there 
appears a peculiar determination of the metallic ingre- 
dients to particular situations. The mines about Ecton 
yield copper ; those of Derbyshire generally lead ; in the 
Penine chain the veins generally yield lead, but toward 
the Eastern and Western limits of the district copper 
becomes less uncommon. 

The length of a vein of fissure is perhaps hardly in 
any case certainly known ; because when it ceases to be 
worth working, it is for ull the ordinary purposes of 
mining said to be dying out, or cut out, or ended. 'Hie 
richest veins are productive for limited lengths, but the 
fissures which they fill may be, and are often extended far 
beyond the spaces occupied by metallic impregnations. 

Some of them are known to extend, and to be produc- 
tive for many miles in the Harz, ill Cornwall, and in 
the North of England. The width of veins is various, 
in different veins, but generally nearly constant in the 
same vein. A width of twenty feet is very uuusual ; 
most veins arc less than six feet wide. 

There is a peculiar geographical relation of veins Directions 
which is very difficult to understand, but which is so » lil H*r.il 
general that it may eventually be of the greatest value vcms * 
in correcting and perfecting our theories concerning 
them. This is the general direction of the veins. The 
most general direction of the great dykes and faults in 
the North of England, may perhaps be defined to be nearly 
East and West. But this is much more certainly true with 
respect, to the mineral veins of the limestone districts of 
Weardale, Allendale, Alston Moor, and all the mining dis- 
tricts of Yorkshire ; and it is equally recognised in the pri- 
mary tracts of Cumberland, Westmorelaud, and Lanca- 
shire. This is so general a fact, that the East and West 
veins ure called right running veins, while the few which 
range more nearly North and South are called cross 
courses. These latter arc seldom rich in metal ; they 
often cut through and shift the right running veins la- 
terally, as both of them shift the strata vertically. There 
is often to be observed a sort of compensation in the dis- 
locating effects of veins. Jn Weardale most of the veins 
throw iip to the North, while the parallel courses in 
Allendale and Alston Moor throw up to the South. 

The lead veins of Flintshire and Cardiganshire have the 
same East and West direction, and so have those of 
Mexico. 

The lodes and veins of Cornwall are most generally 
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East and West veins, or nearly so ; und these, according 
to Mr. fame’s (Trans, of Geol. Society of Cornwall) 
excellent Memoir, the oldest veins in that district, being 
traversed by the oblique vein9 and by the cross courses 
el vans and fluknns. But not all the East and West 
lodes are of the sume age, the tin being older than the 
copper ; neither are all the East and West tin veins of 
one age, for those that underlie to the North, arc 
generally traversed by them that underlie Southwards. 
These curious generalizations are not to be overthrown 
by particular discordances ; their value inay one day more 
fully appear, and they are certainly supported by analo- 
gous though less varied occurrences in other Countries. 

The general order of their dates may be thus ex- 
pressed. 

1. Oldest, East and West, tin veins underlying to 
the North. 

*?. East and West, tin veins underlying to the South. 

3. East and West, copper veins generally East 10° 
South. 

*1. Oblique or contra copper veins, generally East 30° 
to 4:V South. 

5. Cross courses not metalliferous, North and South. 

(i. Copper lodes of more recent date and lead veins. 

7. Cross flukans or clay dykes nearly North and 
South. 

8. Slides in all directions, but generally East and 
West. 

The porphyritie and other dykes called elvan courses, 
are very generally divided by the veins, and seem to be 
of greater antiquity. 

Werner has observed this geographical relation of 
mineral veins, und states the two following cases. In 
the mining district of Frey berg ure two classes of veins 
very ditferent from one another. One of these classes 
consists of veins which run from North to South; the 
veins of this contain lead glance, black blende, iron, 
copper, and arsenic p\ rites, quartz, and brown spar. 
This is the oldest vein formation. The second class of 
veins which always traverse the former, and are never 
crossed by them, contains lead glance, radiated pyrites, 
heavy spar, fluor spar, und quartz ; they stretch between 
the sixth ami ninth hours of the mining compass (East 
to South-East.) 

The mining district of Ehrenfriedesdorf, contains 
veins of tin and silver glance. The tin veins are 
always traversed by the silver, the direction of the first 
is between the sixth and ninth hour, (East and South- 
East,) that of the last from the ninth to the third hour. 
(South-East, South, South-West.) 

There is observed in some mining districts another 
remarkable relation of metalliferous veins to geographi- 
cal lines. Though in the North of England the most 
frequent direction of the veins be East and West, the 
mining districts seem rather to be ranged in lines from 
North to South. The nature of this relation will be 
more easily understood if vyc add that both in Cornwall 
and in Cardiganshire, where the veins art* also most fre- 
quently East and West, Mr. J. Taylor has observed 
lines of greater productiveness ranging nearly North 
and South, across the bearing of the veins. These 
curious notices suggest the inquiry whether the lines of 
productiveness ure dependent on any principal axis of 
dislocation or on the occurrence of cross courses. The 
former case seems to be vaguely indicated by the phe- 
nomena in the North of England ; perhaps the latter 
mav be more applicable to Cornwall. 


Connection of Fissures and main Joints . 

The remarks on the joints of rocks in p. 543, 544, ' 
may be referred to as sufficient to show the importance 
of studying their direction in connection with that of the 
fissures of mineral veins. It is certain that in the 
limestone dales of the North of England, mineral veins 
ure sometimes directed along the master joints of the 
rocks, also that in the slate tracts, veins and disloca- 
tions range along the cleavage planes of the slates. 
(Craven.) Dr. Bouse has noticed the same thing in 
the slate tract in Cornwall, and such observations will 
doubtless be multiplied. Mechanical considerations 
might have led us to anticipate this result; for the main 
joints and cleavage planes would often be the lines of 
least resistance and yield more easily than other parts to 
any eruptive or depressing force applied to the planes 
of stratification. The direction of the master joints is 
certainly definite over large tracts of country, and if 
we should find eventually that mineral veins have com- 
monly taken the same course, their regularity will no 
longer be an argument against, but ail additional evi- 
dence for the vertical movement of the masses. 

Relation of Mineral Veins to the Rocks which 
them enclose. 

The relation of mineral veins to the rocks which en- 
close them offers a wide field of inquiry, which hus been 
much studied, and yet is very little understood. It is 
difficult to distinguish clearly between the accidental and 
the necessary association of the phenomena of veins and 
rock masses ; it is perhaps hardly possible at present to 
form a satisfactory opinion as to the umount of effects 
produced by causes acting from distant centres of force. 
We arc in ignorance as to the subterranean operations of 
electrical and calorific ugents still constantly going oil ; 
und to these theoretical difficulties must he added the 
unconquerable impediments to accurate and varied ob- 
servation of the facts on which inferences are to be 
founded. Minute analogies of the relation of veins to 
the adjacent rocks would therefore at present be very 
unsatisfactory and hypothetical, and we must be content 
with the rgsults which may be gathered from wide and 
general comparisons of phenomena on the grand scale. 
Wc shall confine the inquiry to metalliferous veins. 

» 

1. Relation to the different kinds of Rocks . 

Considered as to their chemical nature, rocks may he 
classed as calcareous, argillaceous, silicious, and mixed; 
as to their mineralogical characters, as uniform, or varied, 
granular, compact, or crystallized ; as to th^ir origin, 
aqueous, igneous, or pyrohydrogenous. Metalliferous 
veins occur more or less frequently in every one of these 
classes of rocks. In limestone, in argillaceous slate and 
shale, in quartz and sandstone rocks, and in rocks of 
mingled ingredients ; in uniform slates, und fragmentary 
millstone grit, in granular sandstone, compact limestone, 
and crystallized limestone and granite; in sedimentary 
grits and shales, in pyrogenous porphyries, basalts, and 
metamorpliic conglomerates. The existence of mineral 
veins in a rock is therefore wholly independent of the 
particular chemical and mineralogical nature und proxi- 
mate origin of that rock ; nor, when due allowance is 
made for the relative prevalence of the different kinds 
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of rocks, does there appear any reason to admit that any 
preference or more frequent occurrence of metal liferous 
veins in rocks of particular kinds can be traced, except in 
particular district*. 

There yet remains the inquiry whether certain* 
metals are specially associated with or related to parti- 
cular sorts of rocks. In order to answer this question 
satisfactorily, we must not content ourselves with in- 
stances such ns tin veins and mercury veins, which occur 
in so few localities as to be rather dependent on their 
geographical position than on their geological reposito- 
ries, but must cite veins of lead and copper, and dissemi- 
nated ores of iron and manganese. Hardly any sub- 
stance is more abuudunt in the mineral kingdom than 
iron pyrites: it occurs both in veins and disseminated 
crystals or concretions ; and, in one nr other of these 
states, it is associated with almost every known rock. It 
occurs disseminated in limestone of various kinds, as 
primary limestone, carboniferous limestone, and chalk ; 
in clay slates, shales, and clays ; in greenstone, amygda- 
loid, and basalt. Veins containing iron pyrites traverse 
rocks of as great diversity. Copper pyrites is not dis- 
seminated through so many rocks as iron pyrites, but it 
occurs in veins which traverse limestone, sandstone, and 
shale, clay slate, mica schist, granite, &c. Ores of 
manganese are also very generally diffused through rocks 
of very different kinds. The converse is true. In one 
and the same kind of rock occur veins of copper, lead, 
silver, and tin. 

There are some metalliferous veins which traverse dif- 
ferent sorts of rocks, and give us an opportunity of ascer- 
taining whether any differences in the contents of the 
veins correspond with the variations of the rocks. The tin 
veins of Cornwall sometimes pass through clay slate and 
granite ; they produce ores in both. “ A vein that has 
been productive of copper ore in the clay slate, passing into 
the granite, becomes richer, or, what is more remarkable, 
furnishes ores of the same metal differently mineralized. 
If we pursue it further into thegranite, the produce of metal 
is frequently found to diminish. A change of ground is 
looked upon by miners as affording reason to expect an 
alteration for better or worse.” Taylor, Report on Veins. 

Remarkable instances of this relation arc given by Von 
Dechen (De la Beche, German Trans. 594.) The nume- 
rous veius which cross the steeply inclined sttjptu of grey- 
wacke in the Licgen district, are metalliferous in narrow 
bands parallel to the inclined beds of greywacke. The 
veins o£ the Kupferberg, in Silesia, bear ore only in the 
hornblende schist, and are impoverished in mica schist. 
At Joachimslhal the mica schist is traversed by quartz- 
ose porphyry in veins, which, as well us the contiguous 
rock, hold pyrites. The rothegang of Elias consists in 
mica slate of loam, and holds only uranite ; where it runs 
between mica schist, and a porphyry vein, and where 
it traverses the latter, its substance is a red hornstone, 
and it bears vitreous silver, native silver, arsenical-ko- 
balt, bismuth glance, kupfernickel, arsenic, and bis- 
muth ; hut red silver, elsewhere abundant, is entirely 
wanting. 

In the lead veins of the North of England, which are 
situated in the carhoniferous limestone tract, a singular 
dependence is observed between the contents of the vein 
and the nature of the adjacent rock. The vein divides 
limestones, sandstones, and shales, and these are brought 
variously into opposition by the dislocations which ac- 
company almost all the veins. The vein is sometimes 
productive of lead ore under every case of opposition on 


rocks. Whore limestone, or schist, or solid sandstone ^eulogv. 
forms the walls, its productiveness is at the maximum, _ * 
hut generally it is contracted in breadth und impo\e- * 
rished in its metallic contents, wherever it is included be- 
tween walls ot shale, and even where only one side is 
occupied by shale, the same effect is frequently observed. 

It would appear that the impoverishing influence of the 
shale is referribld to mechanical causes. In the same 
way as the shales in a coal-pit swell out from the undis- 
turbed parts to fill the artificial vacuities, so we may 
conceive them to have done into the natural fissure ; this 
will account for the contraction of the vein. In the pro- 
cess of crystallization, to which all the contents of u vein 
are subject, it seems conformable to analogy to suppose, 
that the permanent walls of limestone and gritstone would 
permit a more early growth of sparry and metallic ms- 
tals, than the crumbling edges of shale ; a supposition, 
perhaps, confirmed by the occasional mixture of shale in 
the sparry mass of a vein, where it is “nipped,” as the 
miners say, in beds of shale. There may be something 
in this due to electrical affinities, and we may perhaps 
apply the same supposition to the cases in Cornwall and 
Germany, quoted above, where the deposition of the ores 
is influenced by change of ground. 

From some or all of these causes it happens in the Quantity of 
North of England that certain limestones are very much 
more productive than the others; in different mining ot' 

districts, different limestones are thus favourably dis- i„ m stum\ 
tinguished, but in the country of Alston Moor, Tocsdale, 
and Swaldale, the uppermost thick limestone is by fur 
the most rich in lead. To prove this, and at the same 
time to record a valuable fact, we may copy from Mr. 

J. Taylor’s Report on Mineral Veins (Reports of the 
British Association , vol. ii.) the following statement of 
the quantities of lead ore actually extracted from the 
several sites of bearing beds in Alston Moor in the year 
18:22, according to the account of Mr. Dickenson ; we 
have added the thickness of the several beds. 


■21. CSS 


T . . , i ThicknusH 

Limestone beds : — i„ ynr u«. 

Great limestone 321 20. 8*27 ^ Rings of S 

Little limestone 2 287 J cwt. each. 

Four fathom limestone.. .. S 91 

Scar limestone 10 00 

Fine bottom limestouc ... 8 303 

Gritstone beds : — 

High slate sill S J07 

Low slate sill 7 2S9 

Firestone 1 1 202 

Patti uso rfs sill 4 250 

High coal sill 4 327 

Low coal sill 3 154 

Tuft 3 30G 

Quarry hazel 10 44 

Nuttruss gill hazel 6 *21 

Six fathom hazel 12 57 (i 

Slaty hazel 4 18 

Hazel under scar limestone 4 2 

Whole produce of the mines I 
of the manor, 1822. J 


2.3(55 

21 .053 bings. 


Upon the whole there is no sufficient evidence to show 
that the local production of metallic substances is in any 
special manner dependent upon the chemical or minera- 
logical composition, or the circumstances of the forum 
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Ch. 111. am ^ juried many instances, we observe the aggregation and the ubsence of such veins from the newer strata in 


of the substances in the vein to have been decidedly influ- 
enced by some peculiar conditions of the including rocks. 


Geology, 
Ch. in. 


England cannot be resolved into any circumstances of 
tiie geographical position of these strata; for both around 
the metalliferous slates of Cumberland and limestones 


Wall t of a Vein. 

Alteration The walls or cheeks which form the -more or less dc- 
of sub- finite boundaries of the vein present several facts worthy 
stance* 0 f no ^ ce> j n some instances they are highly indurated, 
ns if in contact with trap rocks, (North of England,) 
very often fissured, so as to break parallel to the vein, 
in others it seems as if certain sorts of rock (as clay 
slate, both in Cornwall and Germany) were greatly 
softened, and even converted to clay, along one or both 
sides of a vein. Werner mentions the decomposition 
of felspnthic and hornhlcndic rocks for a fathom from 
the vein. We have also witnessed the fact of limestone, 
usually a blue or grey criuoidal rock, burnt, us the 
miners term it, that, is converted to a brown granular 
crystalline rock. (Teesdale.) Another remarkable ef* 
Slickcobidc. feet, in the walls is the production of slickenside, so long 
known in the mines of Derbyshire, which are situated 
in limestone, and filled with fluoric and barytic shales 
and yield lead; in (hose of Cornwall, which are in ki lias, 
and with a matrix of quartz, and yield copper ; in the 
magnesian limestone of Yorkshire, where copper or 
lead lines the limestone cheeks; and in the faults of the 
coal system of Yorkshire, where neither spar nor metal- 
lic matters occur. These and many other occurrences 
of lubbed surfaces along planes of fissures speak a plain 
language, and prove to the fullest conviction, the me- 
chanical movement of the sides of 1 he fKsurc upon one 
another, or upon the contained substances. The 
groovings of the surfaces, thus produced by rubbing, in- 
dicate, of course, the line of the movement ; the circum- 
stance that the polished faces are partially covered by 
lend ore, copper ore, &c., as the nature of the vein is, 
proves, moreover, that the movement was, in such cases, 
posterior to the introduction of the whole or a part of 
the mineral impregnation, so that the same fissure has 
been, in such cases, the plane of more than one convul- 
sive movement. Wc may, perhaps, eventually draw 
from examinations of this phenomenon, in connection 
with and apart from mineral veins, some decisive re- 
sults as to the time and other circumstances connected 
with the movements of the masses. How can the Geo- 
logists of Cornwall doubt the reality of those angular 
movements, which have left such clear evidence as the 
fine sliekensides of some of their veins of fissures? 
We think with Von Dechen ( German Trawl. o/Dela 
Bcche’s Manual) that any other than the received ex- 
planation adopted above is impossible. 

2. Relation to the different Ages of Rocks. 

This relu- There can be no doubt of the fact that the locul oc- 
tion evi- currenee of metallic veins is in a very great decree 
cleat. dependent on the relative antiquity of the rocks in the 
district. It is in the primary, transition, and carboniferous 
strata, and in the igneous rocks associated with them, 
that all the veins in Great Britain are worked. In a 
few instances veins of small value, producing lead and 
copper, pass through the magnesian limestone, but* not 
a single example is known of a true metallic vein in the 
oolitic, cretaceous, or tertiary strata, The connection of 
metallic veins with the older rocks is not an accidenta'. 


of Derbyshire, the new red sandstone formation is ex- 
tensively spread in contact, and yet not one lead or 
copper vein occurs in it. Any one who should confine 
his attention to the British Isles might infer that the 
causes of the production of mineral veins had ^ been 
almost wholly inactive ever since the carboniferous epoch ; 
and as a general expression, this may apply to the Con- 
tinent of Europe, though both in the Pyrenees, and 
around the central granitic tract of France, metalliferous 
veins, apparently originating in these rocks, traverse 
strata of the oolitic and cretaceous systems. 

It must here he remarked, that both in Great Britain Thu same 
and throughout Europe rock veins and basaltic dykes relation oh- 
are in the same manner abundant in the primary and ^ eg 

rare in the secondary and tertiary strata. This is one roc * 
of many general analogies tending to substantiate the 
opinion previously advanced upon more specific points 
of agreement, that rock veins and dykes, and metalli- 
ferous veins, form two parallel series of igneous products 
developed during the same geological periods, by the 
same general causes, acting under dilfcrent circum- 
stances upon different materials. From all our previous 
investigations, we have been led to the conclusion, that 
in the earlier geological periods, the chemical effects of 
heat and mechanical effects of heat were more con- 
spicuously exerted ; and if to this we join the considera- 
tion that all the disruptions by which igneous rocks 
were put in contact with secondary and tertiary strata, 
must have been experienced by the older strata, from 
beneath which the expansive force originated, we shall 
be able to perceive why the prirnary arc so universally 
and the secondary and tertiary strata so partially enriched 
with mineral treasures and diversified by rock dikes. 

As an example of veins of more recent dale, we may Very mo- 
quote Von Dec he fils notice of the veins of Joachimsthal. (lcin veins. 
In this case the dykes of basalt and wade which divide 
the mica slate are themselves cut through by the mineral 
veins. These dykes are variously connected with great 
overlying masses of basalt which break into the brown 
coal formation. It is therefore evident that the silver, 
arsenic, ami kobalt ores have been thrown into the veins 
at a later epoch than that of the brown coal tertiary de- 
posit at the foot of the Bohemian Erzgebirge. 

Werner appears to have been strongly impressed with 
the belief, conformable to his general theory, that vein 
formations might be classed as to' their ages by mere 
examination of their component substances. When veins, 
even in distant Countries, contain the same ores and 
vein stones, and when these are arranged in the same deter- 
minate order, he concludes that they belong to one and 
the same general formation. Illogical and hazardous 
generalizations are frequent among practical men, and 
are too often introduced among the valuable facts re- 
corded as a basis for Werner’s Theory of Veins. A 
prudent reasouer would scarcely venture (o trust an 
inference for lime upon data which indicate only definite 
chemical actioji , even in a limited district, and it must be 
with some distrust that we can admit Werner's eight 
principal vein formations in the mining field of Frcyberg ; 
because he does not state expressly that his inferences 
concerning their relative antiquity were based on obser- 
vations of their intersections. 
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The following abstract of the account of these eight 
systems of veins will show the kind of description which 
should always be given of mineral veins. 

The fust mid oldest produces abundance of argenti- 
ferous lead glance. It consists of coarse granular lead 
glance with from one and a half to two and a half 
ounces of silver per quintal ; common arsenical pyrites; 
black blende in large grains; common iron and hepatic 
pyrites ; sometimes a little copper pyrites, and a little 
sparry ironstone. The veinstones are chiefly quartz ; 
sometimes a little ]^rown spar ; rarely a little calc spar. 
These substances occur most generally in veins ranging 
from North to South. 

The second yields lead very rich in silver. It con- 
tains lead glance large and small granular; black 
blende in small grains ; iron and hepatic pyrites, and a 
little arsenical pyrites. In addition, dark red silver ore, 
brittle silver ore, white silver glance, plumose antimony 
ore. The veinstones chiefly quartz, with much brown 
spar and often calc spar. The veins range South and 
South- finest. 

The third yields lead glance with one ounce of silver 
per quintal, much iron pyrites, a little black blende, and 
ltd iron ochre. Veinstones quartz, sometimes with 
chlorite mixed and surrounded with clay. Veins range 
North and South. 

The fourth fields lead glance with one-fourth to three- 
fourths of an ounce of silver per quintal, radiated pyrites, 
and sometimes brown blende. Veinstones heavy spar, 
fluor spar, a little quartz, and rarely eule spar. Veins 
range 7 Cast and West. (To this system Werner boldly 
refers the veins of Derbyshire, the Ilarz, and also those 
of Gisloirin Scania!) 

The fifth consist of native silver, silver glance, and 
glance cobalt, sometimes with grey copper ore, lead 
glance rich in silver, fine grained brown blende* and 
sparry ironstone. Veinstones, heavy spar in a stale of 
disintegration, and fluor spar. It always occurs in the 
intersections of the first and fourth systems. (North and 
South, and East and West.) It sometimes is found 
even iu the middle of the Westerly veins. 

The sixth contains native arsenic and light red silver 
ore; with a little orpiment, copper nickel, glance cobalt, 
native silver, lead glance, iron pyrites, and sparry iron- 
stone. The veinstones are hea\y spar, green fluor spar, 
calc spar, and a little brown spar. Occurs ifi the inter- 
sections of the fourth and fifth systems, or in the middle 
of veins. 

The seventh is of rod ironstone, with a little iron 
glance, quartz, and heavy spar. Occurs in the upper 
parts of veins. 

The eighth and newest is of copper pyrites, mountain 
green, malachite, and red and brown iron ochre, with a 
little quartz nnd fluor spaj. 

3. Relation to the Local Centres of Igneous Action. 

Our investigations lead directly to the inquiry, how 
far the geographical occurrence of metalliferous veins 
is connected, as that of rock dykes is known to be, with 
the eruption of igneous rocks und the movements of 
fluid masses within the Globe? 

Satisfactory evidence on this subject can be obtained 
in two ways; 1. By comparing metalliferous and non- 
metal liferous districts of old strata in their geographical 
relation to igneous rocks and convulsions. 2. By com- 
paring the relation to igneous agency of the locally me- 
talliferous newer strata. 

VOL. vi. 


The older rocks are not by any means universally Gh»<ilogy. 
stored with metalliferous veins any moie than with rock k 
dykes. Very large tracts in the slate rocks of Devonshire . . . . 

urc nearly devoid of metals, but near the granitic masses rocks/* 
of Cornwall they are abundantly supplied with veins. In 
the vast districts of Wales the slate rocks yield copper 
and lead chiefly along the Western borders of the Prin- 
cipality, where the local centres and axes of elevation are 
situated. Amid the Cumbrian Lakes, lead and copper 
veins adjoin the granitic, hypersthenic, and syenitie 
axis of Carrock, Skiddaw, High Pike, &c. They occur 
near the porphyries and traps of Helvtllyn and Old 
Man, but the greater-portion of the slates, far removed 
from the foci of disturbance, are devoid of mineral 
treasures. 

In Scotland, metallic veins adjoin the granitic nucleus 
of Slrontian. 

The mining tracts of the Harz, the Erzgebirge, Hun- 
gary, Brittany, and other localities arc convulsed by dis- 
ruption and diversified by the intrusion of granitic and 
porphyritic rocks; the Ardennes mountains, which yield 
few veins, devclopc hardly any igneous rocks. 

The carboniferous lunesloiie tracts of Memlip, Der- 
byshire, and Flintshire, of Whnrfdule, Swaledale, and 
Aldstune Moor, have been shaken to pieces by many 
convulsions, and they are very rich in lead, zine, and 
calamine ; but the greater part of the Yorkshire and 
Northumberland limestones, utfected by only one or a 
few general elevations, arc poor in metal. 

The newer rocks are mctallifcrous*only in the vicinity j n nL *wer 
of the foci of their disturbance, as round the; central gru- rocks, 
nite of France, near the igneous masses of the Pyre- 
nees and the Alps; in all which places, the metallic ores 
are so related to the igneous rocks that they occur only 
in a narrow zone at the junction of the igneous and the 
altered stratified rocks. (Observations of Dufrenoy, 

Von Huch, &c.) 

As both these methods of comparison lead to one re- Condu- 
sult we may venture to adopt it; and the more readily m«»»h «m 
because, in preceding sections, we have found the geo- tins subject, 
graphical situation of mines to be related to the eleva- 
tion of the ground, and the metalliferous strata often 
identical with those in which rock veins abound. Never- 


theless we must not shut our eyes to some decided diffid- 
ences between the situations of dykes and veins. For 
instance, the Island of Arrau is traversed by hundreds «»f 
dykes of basalt, porphyry, and pitehstone, but metallic 
veins are almost unknown there; Aldstune Moor is dis- 
sected like a map by veins of lead ore, but very few whin 
dykes occur there; on thecontiary, in Northumberland 
and Durham whin dykes abound in the coal tracts where 
lead is hardly known. It is, besides, too rcmurknblc u 
thing to be overlooked, that South of the Yorkshire 
Swale hardly a whin dyke or porphyry dyke is known 
through the metalliferous tracts of Derbyshire, Somer- 
setshire, and Flintshire. This contrast is the more 
re murk able iu the country about the sources of the 
Tyne and Tees, because there busalt has been erupted in 
vast quantity, und at its Eastern termination appears 
related to several dykes of great extent. This muss of 
basalt is traversed by the veins in the same manner as 
the limestone is, and wc may, perhaps, hazard the spe- 
culation that under this tract of country lay at one time 
melted basalt, ami at u subsequent time the metallic and 
mineral combimtions which fill the veins. Will iL be 
thought too great a stretch of fancy to attribute this 
change of the igneous materials erupted in the same 
5 i 
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Geology. tract of country to movements in the internal nucleus 
< h. IV. () f Globe not isochronous with the rotatory velocity 
of the solid superficial crust? 

Electricity of fains. 

The direction of electrical currents at small depths 
below the surface of the Earth, is a subject on winch 
theory is at present silent, and which has only recently 
M». Vox's been proposed for observation. The observations of 
L-xjifii- Mr. Fox in the mines of Cornwall and Devon and 
munts. North Wales, arc still the most important, of the hind. 

Mr. Kenwood is engaged in further inquiries. As far 
as appears at present, the interest attached to the solu- 
tion of this question belongs more particularly to Elec- 
trical Science, and, perhaps, both chemical and thermal 
disturbances of equilibrium may be concerned in the 
effect. These currents may be due to local causes. 
Mr. Taylor very properly observes, (Reports of the Bri- 
tish Association, vol. ii. p. 18.) that by the very act by 
which we gain access (o a vein we lay it open to atmo- 
spheric action, and conseq ucutly to decomposition. 


Chemical agency commences, and with it, very naturally, 
galvanic influences are excited. Veins containing ores 
little subject to decomposition have, he apprehends, been 
found to give little or no indication of this nature. 

Mr. Fox appears to think that the direction and in- 
tensity of the currents which pass along the veins may 
be so related to the position and quantity of metallic 
matter, as to give reason to hope for some direct useful 
application of the results to the Art of Mining. But the 
novelty of Mr. Fox’s experiments, and the connection of 
the currents with mineral veins, led^otno Geologists to 
adopt the very hasty conclusion, that the production of 
the veins was mainly owing to such curreuts. It is 
very probable that electrical currents have really been 
concerned in the distribution of metallic ores both in 
veins and rocks, for when is this agency absent from 
any great chemical phenomena? But to conclude, 
without any intermediate steps, because mineral veins 
ore channels for electricity, that they have been pro- 
duced by electricity, is the same thing as to ascribe 
to electrical currents the construction of the galvanic 
battery. 


CHAPTER IV. 

GENERAL INVESTIGATIONS AND INFERENCES. 


Section 1. 

On the Consolidation and Alteration of Stratified Rocks. 

In a preceding section we have seen the effects pro- 
duced by the Plutonic rocks upon the strata which they 
penetrate ; effects which suggest to our minds so vivid 
an impression of the action of heat, that even in the ab- 
sence of all other arguments from facts, we could not 
refuse to allow that those rocks had been local centres 
of heat. The independent evidence arising from the 
composition of the rocks satisfactorily confirms this 
inference, and permits us to apply it in circumstances 
when the actual proximity of igneous rocks cannot be 
ascertained. These effects seem to be reducible to 
several cases, depending on the degree of heat commu- 
nicated, and the substances operated on. 

Effect* of 1. The consolidation of stratified rocks is exemplified 
Plutonic on in the induration and contraction of shale, and in the 
strut viietl developement of new faces or joints in it, which sometimes 
rot St meet one another rhoniboidally, and sometimes follow 
the columnar relations of the adjoining basalt. 

2. The partial fusion of some part of the substance 
of a rock, so as to couglutiuate its grains, and solidify 
and harden the whole mass. Thus sandstone is con- 
verted to a granular quartz rock. 

3. The complete fusion or vitrification of the rock ; 
thus converting shale into Lydian stone and sandstone 
into a kind of jasper. 

4. The complete fusion and consequent rearrange- 
ment of the particles into granular or crystalline forms, 
as in the instance of common chalk in Ireland, common 
limestone in Yorkshire, the Isle of Sky, and Carrara. 

5. The generation of minerals not before existing in 
a distinct state in the substances affected. The production 
of pyrites, asbestus, anthracite, plumbago, garnet, &c. 


along the contact of igneous and aqueous rocks, is a 
very characteristic and general effect which appears to 
result from the actual transfer of the metallic and 
other matter through the solid substance of the rock, in 
virtue of electric attractions which may be considered as 
imparted by the heat. 

If Von Buch’s notion of the impregnation of rocks 
with magnesia in the vicinity ofaugitic trap rocks should 
eventually be substantiated, it must be considered as a 
remarkable example of this electric transfer. 

6. The sublimation of some portion of the neigh- 
bouring substances. Thus the charring of coal, the 
desulphuration and the debitumenization of shale, are 
very directly connected with the heating power of the 
igneous rock, but it is probable that some peculiar con- 
ditions were required for such effects in the submarine 
depths, where most of these operations were performed. 

The almost universal coincidence of convulsive dislo- 
cation of the strata with eruptions of plutonic rocks, 
seems enough to prove their common dependence upon 
one pervading cause of internal movement. In the same Relation of 
manner as the modern earthquake precedes the eiuptiou igneous 
of lava, so the ancient convulsioh preceded the injection rocks 
of plutonic rocks. Also precisely as in the present day COIlv,,lwon * 
the earthquake shakes Countries far removed from vol- 
canic centres, so in more ancient periods many tracts 
were convulsed but not filled, at least near the surface, 
with melted rocks. As far as at first appears, the com- 
mon dependence of the two orders of effects upon one 
cause, is merely to the amount that the mechanical 
transference of melted rocks has been effected by the 
same internal pressure which dislocated the strata; 
whatever occasioned the pressure, and whatever was the 
cause of the fluidity of the rocks. 

Various mechanical modes may be conceived, by which 
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such pressure may have been occasioned, and various 
conditions assumed for the production of melted rocks, 
and these may be wholly distinct from one another; but 
the exhibition of these rocks along the lines of convul- 
sion can only be ascribed to the same mechanical cause 
which produced the convulsion. 

The chemical theory of volcanos, advocated in the 
preceding pages, assigns a single cause for the chemical 
phenomena, and for the disturbance of tlie external crust 
of the Earth ; and the same simplicity is sought ibr in 
one modification of the theory of an internal heated nu- 
cleus ; but it may possibly be more correct to assign 
separate causes for the production of these effects. 
Judging merely from their relative frequency und geo- 
graphical extent, we might be led to assign much more 
extensive agencies to the production of convulsions than 
to the elevation of igneous rocks. The whole area of 
the dry land has been subject not only to general eleva- 
tion but to partial convulsions, several times repeated 
under the same spots; but igneous jocks are less 
universally, though certainly very extensively diffused. 
This distinction, however, loses much of its force when 
we consider, first, that plutonic rocks become constantly 
more and more abuudant in comparison to the number 
of convulsions us we descend towards the base of ull 


gone, if not actual fusion, at least such an agglutination of tt 1 aolo fO* 
the grains as can be produced by art in u furnace. The s ‘ , 
conclusion from all this is of great importance ; for as ^ 
these rocks are of almost universal occurrence below ull 
the oilier strata, and their clmructcrs are not referable 
to the local proximity of igneous rocks, we are assured, 
taking into account the subjacent granitic rocks, of the 
almost universally pervading influence of subterranean 
heat. 

It is impossible at present to point out exactly the AltiratU.m 
amount of chungcs which have been produced oil the of pnmaiy 
primary strata by the general unci continued communi- str,lt '• 
cation of heat from below ; because, with respect to some 
of them, it is difficult to feel very confident of the pre- 
cise state in which they were deposited by water. With 
respect to gneiss, for example, which is in some eases 
almost identical with granite, in other cases approxi 
mutes to sandstone, it is hard to say how much of its 
granitoid character is due to subsequent inetamorphisin ; 
because we have no certain means of knowing the de- 
gree of movement to which its ingredients hud been 
exposed in water. Yet when we. consider the bedded 
and laminated character of this rock, and observe that 
its constituted minerals ate mostly in u fragmentary 
state, and even when united into a dense rock, are not 


General 
basis of ar- 
gument. 


Ratio of the 
consolida- 
tion of 
strata. 


the strata; secondly, that though the effects of convul- crystallized with regular external forms, we seem to uu- 
sion might pass through all the strata to the surface, and derstand that the rock has been solidified by u species 
thus relieve the inequality of pressure, the melted matter of imperfect fusion at the edges of the constituent sub- 
from below could seldom penetrate the narrow' and coil- stances, which, carried to extreme, would have recon- 
fused and eold passages left among the fractured strata, verted the whole to granite. 

to any great elevation; thirdly, that rocks of igneous Similar remarks apply to mien seliisl, which, on the 
origin do really underlie the whole series of strata. one baud, varies to gneiss, and on the other to clay sl.de; 

Upon the whole we may safely admit, that igneous and it is observable that the fusible mineral garnet, 
rocks have been in a slate of fusion beneath the strata, which is known to have been generated at moderate 
either simultaneously or successively, in all or nearly all heats in contact with trap, is very generally intermixed 
parts of the Globe, and that the elevation of t!u*.e has with the laminte of gneiss and mica slate, (p. b(>2.) 
been always accompanied by convulsions. Instructed Among clay slates of every degree ol fineness ofoi.Uy 
by the discovery of the effects of these rocks upon ad- grain, the action of heat is chiefly evinced by the extreme Hl.itr. 
joining substances, we may now proceed to inquire into condensation of the argillaceous substance; by the ivgu- 
certain phenomena, of much more extensive occurrence, larily of the system of tissures ; by the inleispersion of 
but of nearly a similar character, and which appear due crystallized pyrites, hornblende, &c. ; by the frequency 
to the pervading action of heat upon stratified rocks since of segregated quartz veins. Perhaps these latter occur- 
tlieir deposition. rences may be due to local causes; but the systematic 

On reviewing the series of strata in relation to the fissures and cleavage of slate is a general fact, which is 
degree of their consolidation, it is impossible not to per- most striking in the deeper parts of the deposit, and 
ceive that this increases continually with th? age of the gradually vanishes upward. So long ns the basis of the 
rock ; so that, taken us a group, the primary systems of rock is very fine grained, the cleavage structure will 
gneiss and clay slate, with all their modifications, are far pervade it, and even cross lam i me of very course matter; 
more cftnsoliduted than the other strata, while the ter- but when the basis is altogether coarse, as in grey- 
tiary strata are the least indurated of all. The same wncke slate, the cleavage vanishes, and is only nidi- 
result is obtained by more minute comparisons of analo- eated by numerous fissures, dividing the rock into 
gous rocks, the slates, shales, und limestones of the rhomboidul masses, in a given trad of country the 
primary series, with the shales, and clays, and limestones, planes rf cleavage have one prevalent direction, mid the 
and marls of the secondary and tertiury strata. A plan- system of fissures appears also definable in direction, 
sible cause for this seems to ofTer itself in the greater The general horizontal direction of the cleavage planes 
pressure to which, it may be imagined, the lower strata have in a part of the Cumbrian mountains is West North-West, 
been subjected; but this is not sufficient to account for which is exactly that of the great Craven fault, ((itol. 
tile whole effect of consolidation, and is directly negatived Trans. New Scries, vol. iii.) 

by the numerous joints and fissures, which iudicute lateral It is usual and probably correct to consider the syste- 
rather than vertical contraction of the strata. The lowest matic fissures and cleavage of slate as a kind of crystal- 
strata arc, besides, not merely in a high state of conso- line structure on the largest scale; the angles of iuter- 
lidation ; some of them, as primary limestone, display section seem, however, to be assignable only tor very 
in a most decided manner that crystalline structure small distances, and they vary in different strata of slate, 
which results from heat; others, as clay slate, are fissured Something like polarity must perhaps be supposed to 
in such a way as is known to have been locally occa- account for the constancy of the direction of cleavage, 
sioned by the heat communicated from igneous rocks; It does not appear that the beat imparted to the pti- 
others, as quartz rock, show clear proof of having under- mary strata has been always sullicieut to destroy the 

5 i 'l 
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<^i‘ logy, organization of shells or even plants, for shells occur in 
i;u. IV. the $l u tes of Tintugel and in Snowdon, and lie between 
gneiss beds in the Fichtelgebirge and Erzgebirge, and 
arc noticed by Von Buch in the dulornite near Lugano. 
A long continued und pervading rather than a very high 
heat seems best to account for the phenomena. In the 
neighbourhood of igneous rocks, indeed, the local 
changes arc of rather a different description. 

If we rise to the contemplation of the carboniferous 
system we shall be able to trace in the generally high 
state of induration of the sandstones, shales, and lime- 
stones, and in the frequency, systematic direction, and 
continuity of the joints, clour evidence of the action of 
heat. But yet we perceive that these effects of heat are 
not nearly to the same degree as those in the primary 
strata. A simple proof of this is aflbrded by the lime- 
stone of Tcesdule which is a hard rock, but which, where 
it touches the basalt of that country, has been subjected 
to nearly the same change as that observed in primary 
limestone : it has become crystalline. The shales are 
also altered. The upper portions of the slate system in 
Shropshire and Radnorshire, where that system is im- 
mensely thick, show the same changes. 

ILt ig The effects of general heat continually decrease 
1 araon a ^ lc su P cnor strata of the saliferous, oolitic, and 
lirwor* 1 cretaceous systems, and seem almost wholly lost in the 
siuitu. tertiary strata. It is chiefly to this graduated effect of 
heat that we may ascribe the distinctness of the rocks iu 
ill Here nt parts of the series. Tlius to take the calcareous 
rocks, we have a gradually changing series proportioned 
to their antiquity, from crystalline primary limestone, 
through highly condensed carboniferous limestone, to 
compact lias, concretionary oolite, marly chalk, and 
lacustrine marls ; among sedimentary deposits there is a 
series from gneiss through the hard sandstones associated 
with the carboniferous limestone to the sands of the oolites, 
chalk, and tcrtiurics ; and another from cleavahle slate, 
through jointed grejwneke slate, hard coal shale, com- 
pact red marl, and clay of the oolite, chalk, and ter- 
tiaries. There is properly no sand, clay, or marl among 
the older strata; indurated shale, hard gritstone, and 
solid limestone are of rare occurrence among the 
younger. 

It does not appear that the occurrence of ironstone, 
pyrites, gypsum, &c. in detached masses among the stra- 
tified rocks is to he considered as in any director exclu- 
sive manner due to the influence of heut, but rather to 
the ordinary forces of molecular electric attraction ope- 
rating during or .after the deposition of the mingled 
mass of matter. The spar veins in" septaria have un- 
doubtedly been filled 'since the concretion of the clay 
balls, and for the transfer of the calcareous or silicious 
matter we must appeal to the same processes which have 
filled the cavities of shells and many cracks in limestone 
rocks with the same materials. No doubt in these 
effects an elevation of temperature might modify and 
perhaps accelerate the results, but it would be ridiculous, 
at present, to adopt Dr. Hutton’s notions on some of 
these subjects. 

Effects of Thu preceding examples show clearly the effect 
heat on the produced on strata by the action of heat since their 
deposition deposition ; there can be no doubt that the same power- 
o b ra a, ^ agency must, especfclly in the earlier eras of Geo- 
logy, have greatly influenced the manner and circum- 
stances of their deposition. On this subject, however, 
jve have not at present much to record, and that little is 
wholly confined to the primary scries of strata. There 


is one leading fact often connected with the stratifica- 
tion of gneiss, mica schist, &c. and not seldom repeated 
in chlorite schist and clay slate, which seems wholly un- 
explained by the direct action of heat upon these strata. 
The contortions of the laminae of these rocks arc very 
remarkable, and seem evidently coeval with their first 
formation, though in some instances Dr. Macculloch 
thinks they arc most numerous where quartz veins pe- 
netrate the rock. These contortions may, perhaps, be 
understood by comparing them with some analogous 
cases in laminated sandstone, where the undulations and 
confusion of the laminae indicate agitation in the water. 
If we allow that the water in which gneiss and mica 
schist were formed, was heated to a great degree by 
contact with or proximity to the sources of subterra- 
nean heat, the agitations of the ebullient liquid might, 
possibly, give to the strata theu forming under it the 
very peculiar character of minute and irregular undu- 
lations which so often belong to these ancient rocks. 


Geoloiry. 
Ch. IV. 


Another thing apparently characteristic of the mode of Deposition 
deposition of the primary strata is the isolated condi- of lime- 
tion of the limestones which interlaminate the schistose stonc * 


rocks. How different in this respect are the detached 
often lenticular primary limestones of Scotland, and 
even the transition limestone of Devonshire and Wales, 
from the regularly continuous calcareous beds of lias, 
oolite, and chalk ! Is it not very probable, that some 
local efflux o* gases or the influence of local centres of 
heating agency, have sometimes performed the same 
effects as coral animals, and determined to particular 
points the extremely limited decomposition of the ocean 
water which undoubtedly was the source of the limestone 
deposit ? 


Section 2. 

On Disturbances of the Strata . 

The introductory observations in p. 540 to 543 may serve 
as a foundation for the following inquiries into the effects 
and causes of subterranean convulsion ; and the remarks 
iu p. 571, 597, G19, 034, 057, 6S8 may be read in con- 
nection with the preceding section of chap. iv. and the 
whole of chap. iii. This great subject may be care- 
fully considered in four divisions. 

1. The geological periods of convulsion. 

2. The direction of convulsive movements. 

3. The effects of couvutsions in altering the relations 
of land and water. 

4. Effects on the deposition of strata and on organic 
life. 

Geological Periods of Convulsion . 

'S 

In order that our statement of results on this import- Proofs of 
ant subject may be as much as possible free from ob- convul- 
jection, it will be convenient to begin by fixing what 810,, • 
phenomena are to be taken ns proof of the occurrence of 
convulsions, and what method is to be followed in assign- 
ing their plucc in the scale of geological epochs. When 
strata, originally level, or nearly so, have been raised to 
high angles of inclination ; when beds, originally con- 
tinuous, arc found to be broken asunder, and their sepa- 
rated portions placed in new relations of position, one 
portion being raised or depressed, or both deranged ; when 
layers, originally plane, are found to be bent into extraordi- 
nary curvatures ; in all these cases the conclusion is imme- 
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Geology, diate, that convulsions have happened in the very points 
Ch. IV. guc h phenomena occur. The only question which 

can arise, supposing the actual position of the rocks well 
ascertained, respects the certainty of our postulate of 
their former position. Persons who have read old 
books, but have not studied natural phenomena in this 
point of view, may be upt to suppose that, under parti- 
cular circumstances, strata may be formed at high angles 
of original inclination. Those who have looked more 
narrowly into the matter, and have been instructed by 
Mr. Yates’s observations on the positions assumed by 
earthy materials falling in air and in water, may be led 
to extend the judiciously limited inferences of this author 
to cases where they will not apply. For very limited 
areas, and in extremely troubled waters, the mountain 
torrents, or the surf of the ocean, tumultuous deposits 
of sand and pebbles happen, in which the lamina? may 
be inclined at considerable angles, and cover one ano- 
ther confusedly. On this account it seems not unne- 
cessary to reexamine the basis of our argument, and sec 
whether it will boar the weighty superstructure we de- 
sign to lay upon it. 

i:\amina- 1. General experience assures us of the general fact, 
tam , of ilu» that it is a characteristic effect of agitated water to depo- 
Imsis ot tlnj s j t w | la t sediment falls slowly from it in the form of strata 
urgunKii . w | lQSC U pp Cr surfaces continually tend to become hori- 
zontal. This is seen in inundations from a ri\cr, in shal- 
low and rutiled lakes, and within the low-water margin of 
the sea. The form of the bottom influences the hori- 
zontally of the upper surfaces of the deposits in such a 
way, thut where the bottom is like a pit, the stratified 
masses above are hollow on the faces ; but these effects 
of the original inequality arc rapidly obliterated by suc- 
cessive coats of sediment, all becoming more and more 
nearly horizontal. 

2. In perfectly tranquil water, through which a«y fine 
sediment is equally diffused, the depth to which this will 
cover any part of the bed depends on the depth of the 
supernatant water, and on the angle of rest in water of 
that kind of sediment. The angle of rest in air for 
earthy substances is about 45°. 

3. If a river bring sediment into agitated water, this 
will deposit it in strata tending to become horizontal, 
but with a constant dependence upon the point where 
the ri\er enters, such that, the quantity of sediment 
being there always accumulating, a general conical slope 
therefrom in all directions will modify the horizontally 
of thejjtrata. 

4. IT a river bring sediment into calm wafer, or into^ 
water suddenly deepening, so that ail its lower parts 
may be considered as calm, the conical slopes from the 
point where the river enters will be much more abrupt 
than in the former case, in a certain proportion to the 
calmness and depth of the water. This Mr. Yates finds 
to be the ease in the deep lakes which receive the 
abundant sediment of the boisterous torrents of the Alps ; 
and, in consequence, wc are furnished with a key which 
will ultimately open many curious results in the arrange- 
ment of sedimentary deposits. (See p. 707.) 

On considering these cases with reference to stratified 
rocks, it is evident that instances coming within the class 
of conical deposits radiating round a point can only be 
of very limited occurrence, not likely to affect a general 
argument, and are, in fact, almost unknown. The es- 
tuary deposit of the Weald of Sussex shows no such 
structure ; it cannot be traced in the Yorkshire estuary 
coal field ; nor is there any mention of it in any lacus- 


trine deposit which has been desiccated and exposed to Geology, 
our observation. It is very doubtful whether it can he Ch. lv. 
recognised in any marine formation, and certainly it does v-— 
not clearly apply to any class of marine deposits now in 
progress : at the same time we must admit that, in all 
cases, the action of the sea growing less and less sensi- 
ble fat* from shore where the water deepens, the sediment 
brought by rivers and floods must be formed in attenu- 
ated mosses, thickest towards the shores. This effect 
will he evident in exact proportion to the falling velocity 
of the particles in water, so that pebble beaches may lie 
in steeper slopes, and cover shorter breadths than sands, 
while fine clajs will spread further into deeper water. 

(See p 709.) Hut all these slopes in water are very 
gradual, so that even against the rocky Eastern coasts 
of England, the deep waters have been filled up by 
sediments, which now assume a gently declining sur- 
face under the water, and a moderate slope above it. 

For all the purposes of our present course of argu- 
inent we shall therefore assume the law of original piiuils <>i 
horizontal ily, or very moderate declination of the planes co, ‘- 
of widely extended strata , as amply supported by every 
needful proof from careful and scrupulous observation. 

Ilencc from adequate observations of the position of strata 
we can tell whether they have been altered in position 
or not by convulsions operating in those situations 
precisely. 

Another class of appearances indirectly marks the I munitions 
effect of convulsion, either on the spot oral some distant of rouvul- 
poiut. When we find traces of a sudden ami complete hlunM * 
change in the whole course of the aqueous deposits, r,o 
that the quiet deposition of argillaceous or calcareous 
strata is interrupted and preceded by a tumultuous aggre- 
gation of pebbles, wc know that there has been some ac- 
cess of agitation to the water. This may, according to cir- 
cumstances, have happened from a periodica! or accidental 
change in the drainage of the neighbouring land, or 
from some extensive change of the relations of land and 
sea. The latter cause may he reasonably adopted, pro- 
vided that we find these indications of agitation very 
extensive, and provided that in some instances there he 
proof of the formation of local conglomerates following 
upon local convulsions. The latter requirement is found 
to he satisfied in many instances, and of the former it is 
easy to judge. One more indication of some distant 
convulsion affecting the relations of laud and sea seems 
to be afforded from the rare case of the occurrence of 
one bed of marine shells among a vast abundance of 
fresh-water estuary deposits, (see p. 591.) without any 
local unconformity of stratification. 

Such are (he phenomena to he taken as proofs of con- 
vulsion : the most important are those which distinctly 
establish the precise localities of the disturbance. Let its 
now examine into the mode of argument by which the 
geological epochs of these disturbances arc to be 
established. 

In all investigations concerning the period when an II«w to do- 
event happened, we may consider the result completely tirmiiu* the 
obtained, when the limits of maximum and minimum ciVivutaioi* 
antiquity are known as precisely as the data allow. 

In geological inquiries, the answer is always expressed 
in terms of the scale of relative antiquity of the stra- 
tified rocks, and a convulsion js fixed in geological 
time, when it can be shown to have happened after the 
deposition of one stratum, and before the deposition of 
another. If the strata which thus limit the period of 
tiie convulsion be consecutive terms of the series of 
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Geology, deposits, the most precise attainable result is obtained ; 
Ch. IV. j )U i if these limiting strata be not consecutive, the age of 
— ■v**' the dislocation is known only within a given range. An 
example of accurate determination of the geological era 
of a convulsion is afforded in the North of England, 
where the newest of the coal strata are found to be 
dislocated under the oldest red sandstones of the sali- 
ferous system. Instances of less precise determina- 
tions are common enough : for example, in the Mendip 
hills the dislocated mountain limestone is covered by 
undisturbed oolite, and, as far as this observation goes, 
the convulsion may have happened during any part of 
the long period occupied in producing the coal, red marl, 
and lias strata. In this case, however, by tracing the 
line of the dislocation to other localities, other strata are 
found to be so related to the limestone, as to fix the geolo- 
gical date of its disturbance within narrower limits. 

If the dislocated strata be not actually seen covered 
by others which are undisturbed, another set of data 
must lie employed. It may happen that around the 
disturbed rocks some newer stratum spreads in such 
a manner as to gi\c sufficient, reason to conclude that it 
was deposited since the period of the convulsion. This 
is, in most parts, all that can be observed with respect to 
the red marl around Charnwood forest, and it would 
be satisfactory evidence that the slaty rocks of that 
district were upraised before the period of the new red 
sandstone ; and, in fact, we have found instances where 
the red marl does really cover with level beds the broken 
edges of slate. 

If no horizontal or undisturbed strata be visible in 
an) part of the dislocated tract, either in superposition or 
in juxtaposition, the limit of least antiquity vanishes, 
and we are in danger of imagining too modern a date 
for the convulsion ; if the newer members of the dislo- 
cated group of strata be concealed, there is danger of 
ascribing loo high an antiquity to the convulsion. 
It will be prudent to exclude all such cases from the 
argument: the others seem to be unobjectionable. 
Qin'stiou us There is yet another point of view of much importance 
to the ili:- to the following investigations. What we have termed 
[iil'i-mivul ^ ,c antiquity marks clearly the com- 

Kionfc. 11 ' U Potion of the convulsion; imt the progress of geological 
inferences has brought us to the point of requiring infor- 
mation whether the disturbances were very rapidly 
effected by one or a few sudden and violent efforts, or 
operated slowly by small and graduated movements. 
According to the former view, the whole amount of the 
dislocation was effected in so short a time that this may 
be regarded as nothing compared to the long periods 
occupied in the deposition of the strata; according to the 
latter, the disturbing agency might be at work during 
tile whole, or some long part of the period of the forma- 
tion of the dislocated strata, but ceased when their 
formation was complete. This is not a mere subtilly 
or needless refinement, it is very important to know 
which is the true doctrine : we believe it can be ascer- 
tained, for all instances where the facts can be clearly 
known ; and though it would be premature to make any 
exclusive assertion, the genera] process of Nature may 
be satisfactorily inferred. 

Faults. Proceeding from the clearest indications on this 
subject towards those which are less easily interpreted, 
we may remark in the first place that those dislocations 
commonly known by the name of “ faults” in the strata, 
(p. 541.) which break the continuity of the beds along a 
certain plane or fissure, and elevate or depress one side, 


plainly declare themselves to be the result of single con- Geology, 
vulsive movements. To be satisfied of this, it is quite Ch. IV. 
enough to contemplate a diagram of the effects, pi. i. 
fig. 5, 7 ; but actual inspection of the phenomena will 
leave no room for doubt that the whole mass of dislo- 
cated strata was put into its present relations, not by a 
repetition of small and gradual movements, but by 
sudden aud violent agency. A repetition of small 
movements through the whole vast thickness of strata 
could not fail to break down those clearly defined walls 
of the fissure which so generally exist, especially among 
the harder rocks, and leuve the fissure filled up with a 
confused aggregation of all the substances on its sides, 
instead of a clear space for the subsequent admission of 
sparry and metallic matter, or regular traces of the 
movement of' these faces on each other. 

The extent of dislocation to which the name of fault 
accurately applies is extremely various, the difference of 
level thus occasioned being sometimes a few inches, in 
many 100 feet, in others as much as 200 yards. 

This makes no difference in the argument, but it serves 
to mark out in very clear characters the degree 
of force exerted in each case, it is remarkable that 
those dislocations which make the greatest difference of 
level, range through the greatest lengths of country; 
so that the ninety-fathom dyke, so named from the 
observed extent of its dislocation, ranges from the Eastern 
Sea across the whole breadth of Northumberland, and 
certain dislocations in Yorkshire have ranges of ten, 
twenty, and thirty miles in one straight line. 

As far us wc know, the greater portion of the convul- Great dis- 
sivo movements, whose production we are now invesli- 1« 'cations, 
gating, were accomplished by means of “ faults.’ 9 
There are some very extensive dislocations which usually 
receive, and may perhaps deserve the same epithet, but 
which* lor the purposes of our present argument, wear a 
somewhat different aspect. One of the most magnificent 
examples of dislocation in Europe is that grand break 
nearly along the line of the Western border of Durham 
aud Yorkshire, from near Brumpton by Brough and 
Kirkby Stephen to near Kirkby Lonsdale, the effect of 
which is to throw down to the West, relatively, the 
strata of the carboniferous system more than 1000 
yards through a length of 70 miles. An axis of slate 
rocks rises along the line of fracture, which is also 
partially marked by dykes of greenstone. On the West 
the beds dip at high angles to the West ; on the East 
they decline gently to the East. No proper plane ot 
fan It is traceable in this case of enormous disruption, 
owing to the circumstances of the country, and we must 
have recourse to other considerations to arrive at satis- 
factory inferences concerning the time employed in pro- 
ducing it. 

In the first place we may remurk, that this line of dis- 
turbance is cut off to the North by the ninety-fathom 
d)kc, and to the South by the Craven fault; aud there is 
every probability that it is actually continued along the 
lines ot these faults to a direction right angled, or nearly 
so, to its own course. If this be so, and the whole is one 
complex dislocation, we may surely couclude that the 
middle portion, even if not of the same age us the ex- 
tremes, was produced in ttie same manner. 

Again, the numerous faults of an ordinary character Relation of 
which cross the country in all directions between these faults to 
great lines of convulsion, seem evidently related to and «*esof con 
dependent upon them; a remark which receives corro- vu slolu 
boralion from many other parallel inquiries. Amongst 
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Geology, these faults it fo possible, perhaps, to distinguish two 
Ch. IV. periods of disturbance, the older one marked by a 
direction nearly East and West, which is that of most of 


that they seem to refer themselves to single and violent 
movements, but where, us in the Weald of Sussex, the 
appearances along the axis indicate that there the dis- 


Goology. 


the metalliferous veins, the other by a direction from 
North to South, which is that of several whin dykes, 
and some few lead veins. Perhaps these different 
directions may have taken their rise from the two 
directions of the axes of convulsion which bound the 
district. 

The connection, however, is sufficiently clear to war- 
rant our applying to those great axes of disturbance the 
limits of time by which the lesser faults are defined ; 
that is to say, in many instances nearly coincident to the 
limits of uppermost coal measures and variegated new 
red sandstone. 

Inferences. It is apparent, therefore, that the evidence which can 
be collected on the subject of the simple dislocation 
of the planes of the strata, points to violent internal 
movement, occupying short periods of time for the 
accomplishment of the phenomena. There seems to 
be no mark whatever of gradual or many times repeated 
efforts. 

Some cases of disturbance, however, are of a compli- 
cated nature, and may probably be found upon further 
examination to require the admission of many repeti- 
tions of violent movements and pressures on the same 
region. Such are the extraordinary rctrollexures of the 
calcareous strata adjoining the Alps, the retroverted 
dips in the coal fields of Somersetshire and Belgium, 
and the flanks of the Malvern hills. It is not, how- 
ever, easy upon any suppositions to meet the exigencies 
of these difficult cases. 

W hat are usually called anticlinal axes of elevation, must, 
likewise, be considered as yielding insufficient evidence 
concerning the length of time elapsed from the begin- 
ning to the end of the disturbance. In some cu^s, in- 
deed, the dips on either side from the axis arc so steep 


turbance has been moderate, while toward the sides it 
has been extreme, the breadth of the country being con- 
siderable, there seems on a first view no very good reason 
for coming to a decision at all, as to the prolonged or 
transitory nature of the convulsing agency. 

There is, however, an indication worth pointing out 
for the future guidance of observers cm this branch of 
the inquiry, if \vc imagine that during the deposition 
of any clast of strata, an anticlinal axis is formed so that 
they are gradually uplifted and converted to dry land, we 
may be sure that all the strata would be? found to grow 
continually thinner from either side toward the axis of 
elevation, at which line they would become evanescent. 

Very few instances can be quoted where many strata 
are actually seen to be continuous over the anticlinal 
line. The Isle of Wight, the elevation valley of Woorl- 
hopo, (Geo/. Abstracts,) the Hampshire and Wiltshire 
chalk, and some rcmarkublc cases in Svvisserland, seem 
to be, however, sufficiently in point, and no traces of 
such a diminution are there ohscrvuble. 

Upon the whole, then, there* is a want of proof that the (j t .»prul 
disturbing forces were exerted through long periods be- conclusion, 
neath a given region, so as by many small and repeated 
convulsions, all operating in the' same direction, to give 
the effect of one great dislocation. On the contrary we. 
may believe, that the time was very limited during 
which several of the great dislocatibus and axes of dis- 
turbance assumed their respective characters. Yet, 
owing to the difficulty of the investigation, the question 
must in many instances be left wholly undecided. 

The following Table shows the geological periods of 
many remarkable convulsions in Great Britain, and the 
places where some of the most considerable effects are 
manifested. 


No. Pei toil of tin* Convulsions. 

tt. During tho deposition of the slate \ 
system I 

ft. Ditto 

I. After tho Cumbrian slates and be-| 

fore the carboniferous system . . J 



1. During the curbouifcious period . . • 

II. Before the adjacent rocks of thei 

saliferous system taken gene-!- 

rally 1 

(t^ During the saliferous period ? ..... 

III. After, or during P the saliferous 1 

period P j 

? During the oolitic period P . . . . . . . | 

IV. After the oolitic period .j 

* { 

During the chalk period P 

<r. After the chalk period 

V. After the London clay • 

3. 

/. 


KflbcN unit'd. 

Production of urgdlnceous conglome- 
rates * * * 

Porphyry and greenstone and trappeun 
coiiglomeiates 

Disturbed position of primary rucks . . 

Production of old red conglomerates. . 

Marine bed among estuary deposits . . 

Numerous dislocations, fissures of 
dykes and veins, anticlinal axes, &c. 

Production of new.red conglomerates . 

Veins of lend, Ac. (treat or Ub-fdthom 
dyke 

Unconformity. KellowayVj rock in 
contact with the lower oolite group 
excluding the upper portion 

Unconformity of strata between oolitic 
and chalk systems 

Estuary deposits. Pebble beds of lower 
green sand. • 


hociililie-i of won of the Phenomena. 

J Derwent Water, Cumberland. 

I Grasmere in Westmoreland. Radnorshire, Here 
.1 ford shirt-, &c. 

(Tho Grampians, Lammermuirs, Cumbrian 
I mountains, N. Wales, Ocrynian chain, &c. 
The Highland liorder, Cumbria, ft c. 

Yorkshire. 

{ In all coal districts of ibis era, both in Eu- 
rope and America. Charnwond, Crossfell 
fault, Craven fault. 

North of England, North of Germany. 
Yorkshire, Memlip hills, Tj m-mouth castle, 
Campsall, ftc. border of Cumbrian group, 
(Kirkby Stephen.) 


Pebble beds, wasted surface of chalk . . 

Vertical strata 

Marine deposits between lacustrine beds 
The crag 


Cave 1 , Yorkshire, (p. 63 1.) 

Yorkshire wolds, Dorsetshire cUHm. 

( In the Wealds of Kent and Sussex, Lincoln- 
j shire, Isle of \V lght. &c. 

Hertfordshire, Vale of Thames. 

Isle of Wight. 

Ditto. 

Essex and Noifolk. 


The Roinnn numerals arc applied in the above 
list to all periods where considerable movements 
are traced in direct effects of dislocation and uncon- 
formity ; italic numerals to those cases where a change 
in the nature of the water over given regions seems to 
result from a distant convulsion ; and small letters to 


mark the occurrence of the most remarkable periods of 
conglomerates. 

The next Table presents the result of a more extended 
survey of direct convulsive effects ou the Continent and 
Islands of Europe. 
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No. Gi'ulOf'ic.il lViiod of the Cunvulbion* 

1 ami 2 l flefuTe the old red sandstone .... 
K. do H. I 

., \ l \ 1 Refine the new red sandstone . • • 
K.'diS. J Re fore the rothetodteliegemle • • • 

h. Before the zechstein. ........ 

c. Before the new red sandstone . 

hi. \ 

0. r Before the lias. 

K. de B. > 

IV ) 

7. > Before the lower green sand. 

K. de B. } 

V - 1 

S. > IkTure the m>i>ennost chalk beds . 
K. ile B. I 

\\. i 

W. \ Before all the tertiary rocks. . • • • 
V. ile B. l 
VII. ) 

1 0. > Before the nagelflue 

K de B I 

vm. ^ 

11. > Before some diluviul beds 

K. «le B. I 

IX 

1%' 1 During the formation of other 

F de B J diluvial beds 


E {frets noted. Local iliea of some of tlio Phenomona. 

.Anticlinal axe. and great fault, ofl The Hun ..lr.ick and T.unn., 

( the slate system j 

{ lm thecwU ) "tem 11 !'! . .^I CalvaJjs > Wert lorderof the VcgOfc 

llnunenre^iocatinn. and faults of J. Wei tphaUa, Belgium. 

InmuMise dislocations and faults .... Vosges, and Black forest. 

Mountain ridges of zechstein, &c Thunngerwald and Bdhmerwald. 

r mijit and distorted strata of oolitic 1 Mont Pilat, Cevenncs, (perhaps the Erzge- 
system birge.) 

{ A Kr1halk? n !^. Br .T? S . ftn '' M ° 0t Vis0 > 0«o>»r- 

Elevations of chulk and green saml . . Pyrenees, Northern Apennines, the Morea. 

Detached ridges < orsica, Sardinia, Auvergne. 

Newest tertiarie. uplifted { T ' "'“ k ' r “ Alp "’ 

| Some diluvial beds convulsed { ^ TusTri^ th ° ^ ^ the Vi,laU 
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It is to M. Klie dc Beaumont that vve owe the im- 
pulse which the study of the periods of geological dis- 
turbance lias of late received, and he is the principal 
authority for the construction of the preceding Table. 
M. do Beaumont makes twel\e distinct systems of con- 
vulsions which arc supposed to have happened at as 


many distinct periods, but we do not find sufficient* evi- 
dence to substantiate the division into five systems, of 
the first and second of our Table. The following is De 
Beaumont’s view of these five systems including applica- 
tions in Great Britain for comparison with the details of 
our first and second groups. 



Genlngiral IVrioilof the Onimtluions. 
Supposed to ho during tho deposi-l 
tion of tho slate, certainly nnte-> 

rior to old red sandstone | 

Posterior to the greywarko slate, 1 
anterior to old red sandstone . . • f 
After the coal strata and certainly) 

before rothetoilteliegende J 

After the coal strata, certainly bo-) 

fore the zechstein j 

After the coal strata, ceituinly be ) 
fore the bunter tuuidstein ....} 


lilfreta noted. 

Elevation of many mountain chains 
without transition limestone 

Great faults affecting transition lime- 
stone, and anthracitic slates 

Immense disruptions and faults of the 
coal 

Ditto 

Great disruptions. 


Localities of some of the Phenomena. 

| Grampians, Cumbrian group, Snowdon, Corn- 
< wall, Hundsriick, and Tamms, Isle of Man, 
\ Anglesca. 

) Devonshire, South of Ireland, Bocagu in Calva- 
j dos, South-West border of tin* Vosges. Harz? 

1 From Derbyshire to Northumberland along the 
J Western border of Yorkshiie, Malvern. 

Westphalia, Belgium, Mendip, South Wales. 

iWges and Black forest, from Basle to 

\ May cncc. 


Direction of Convulsive Movements . 

Klie ue It is impossible to make many observations concern- 
iiiiujiiCs inn* faults and other dislocations of the slruta, without 
l.\ potheis. l)(>jijn* strongly impressed by the fact that they commonly 
follow certain straight lines through a country, every 
where producing analogous mechanical movements. 
The length of their courses is often so considerable that 
one great dislocation defines the physicul geography of 
a district. It has been long known that in mining Coun- 
tries the faults take parallel directions, and sometimes 
two or more systems of dislocations, crossing in certain 
auglcs, were found to be of different antiquity. That 
dislocations were in some respects to be compared to the 
effects of earthquakes was also well understood, but no 
one before Dc Beaumont appears to have carried his 
notions of the coincidence between the lines of convulsion 
and the direction of the great physical features of the 
Globe, so far as to venture on the construction of a ge- 
neral system. This excellent Geologist believes that 
there is a constant dependence bctvfeen the direction of 
the dislocation, and the geological epoch of its occur- 
rence, such that all the dislocations of the same age are 
parallel to one and the B&me great circle of the sphere; 


and that, in most instances , dislocations of different ages 
are parallel to different great circles which intersect one 
another at assignable angles. 

It will be readily understood that this general hypo-. How to bo 
thesis is not to he tested by single or small dis'oeations. examined 
It must be examined on a great scale, by means vd* very an,i 
exact and numerous data. It is not too much to assert, 
that in the present state of Geology, the facts known are 
not clear and numerous enough to support this hypothe- 
sis ; and on the other hand there arc not facts to warrant 
the unconditional rejection of it. ,{1 must be looked upon 
as a first attempt in a new field, as a generalization car- 
ried to extreme ; but it is certainly founded on m- 
portaut data, and in several instances agrees well with 
observation. The principal difficulty of applying satis- 
factory tests to its consequences, arises from the uncer- 
tainty of the exact date of many of the most characteristic 
convulsions. We cannot positively tell whether the dislo-* 
cations of the Grampians and Lammennuirs, which take 
parallel courses, were geologically synchronous or not, be- 
cause the beds dislocated are not the same. Even in the 
case of the great faults which followed upon the carbonife- 
rous system, the limits of the geological epochs of their 
occurrence are too vague for the application of such a 
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Oeologp. theory. In fuct, De Beaumont’s 3d, 4th, and 5th periods 
IV. may be actually synchronous ; so may his 1st and ‘2d pe- 
riods he, because their limits are indefinite on the side of 
the least antiquity. Rnthetodteliegende and magne- 
sian limestone cover unconformably the coal of the 
North of England, and thus define the date of the con- 
vulsions ; but in the South of England these are of rare 
oceurience, and often entirely wanting*, and then the 
new red sandstone above the coal gives only a vague 
approximation to geological time. 

At present these arc irremovable difficulties. We cun 
then, with strict propriety, only examine the question of 
the dependence of the direction of dislocations on the 
geological period, by comparing together, first, the direc- 
tions of those dislocations which are not known to be of 
different ages ; and second of those dislocations which 
are known to be of different ages. 

DisKicii- The first system of dislocations is vaguely limited as 
is not i 0 ti me between some part of the primary strata and the 
of thni'rcut* k Jlse Ihc carboniferous strata. The direction of the 
ups. axis of elevation of the lloss mountains, the Cirampians, 
and Lammermuirs, prolonged into Ireland, is North- 
East and South-West. This corresponds with the 
general direction of the slaty rocks of Cumberland, the 
Isle of Man, North Wales, and Cornwall, of the Ilunds- 
ruck and Tatums. But the direction of the Devonshire 
slaty rocks is nearly East and West ; so is that of the 
South of Ireland, the Harz, the South-West border of 
the Vosges, and the Bocage in Calvados. M. de Beau- 
mont thinks these two directions belong to two periods, 
the latter being more recent. This maybe, true; the 
hypothesis is not destroyed by the discrepancy, but vve 
must demand clearer e\idence of its truth. 

The second system is more accurately limited than 
the former, since the series of rocks dislocated is gene- 
rally more complete, and the undisturbed strata *ire of 
nearly the same antiquity. Three prevalent directions are 
recognised. The first is nearly North and South from 
the course of the Tyne to that of the Trent ; it is parallel 
to the axis of the vale of Clwydd and to the chain of the 
Malverns. The second is nearly East and West, in South 
Wales and the Mendip hills, and along the Tyne; West 
North-West and East South-East in ('huruwood forest ; 
West North-West and East South-East in Craven ; 
East and West in Belgium ; East North-East in the 
valley of the Mouse and Westphalia; North-East and 
South West, or North-West and South-East in Shrop- 
shire and Radnorshiie. The third is North and South, 
or Norfh-West and South-East, from Basle to M aye nee. 

Some of these cases of discordant direction occur 
along the same dislocation, us, for instance, the great 
Belgian axis of disturbance from Westphalia up the 
Meuse and through France to Boulogne ; in other 
cases the difference of direction may correspond to a 
difference of age : but this has not been proved, and 
ought not to be assumed. 

Diiloea- We may now turn to consider the relative directions 
tioiiH known 0 f dislocations of different ages. M.de Beaumont hiin- 
fcrent°a *ts. se ^ * ias several instances of dislocations of un- 

n ' equal antiquity following the same parallels of direction. 
The North-East and South-West direction of the first 
system of disturbance is repeated in the fourth. (Seventh 
of De Beaumont.) The North and South direction of 
some dislocations of the second system (third of De 
Beaumont) is repeated in the seventh. (Tenth of De 
Beaumont.) We shall add some other coincidences. The 
East and West direction of the South-Wales coal field is 

VOL. VI. 


the same ns that of the great fractures along the Kit.* of (l.ol.gy 
Wight; the great Cleveland dyae of 70 miles in length, lV * 
which cuts the oolites, is nearly parallel to the older 
elevation of Charnwood and the great faults in Craven. 

Again, it is a general law of most mining districts to 
have their principal productive veins running nearly 
East and West, and crossed by others North and South. 

Is it to be supposed that veins which are parallel are 
universally of the same age ? Is it not very well know n 
that they arc not so? 

These difficulties seem wholly insuperable iu the pre- 
sent state of the Science. It seems not possible from 
elements so uncertain and contused to rise, by a legiti- 
mate process, to any sound conclusion, at once exact 
and universal in its application. Any hypothetical con- 
nection between geodesical lines and the directions of 
disrupted strata appears liable to interminable difficulty, 
from the excessive number and various direction of the 
dislocations. Any line drawn through any Country, not 
far removed from a great axis of disturbance, will be 
found more or less parallel to some of the cracks or 
faults which depend upon that axis. If] rejecting these 
minor phenomena, we limit our evidence to the great 
lines of mountains, the data are too few and too dis- 
joined for satisfactory induction. To show by what 
evidence M. de Beaumont has himself been led to adopt 
his hypothesis, we may abstract his original account of 
two systems of disturbance, the one detailing minute, 
the other more general evidence. 

Three small granite eminences irf the C ole d'Or, near Seventh 
Sombernon, which accompany the disruption of Jura s >* t ‘ ,,u 
limestone there, range in a line North-Ea-t and 
South-West, parallel to the summit ridge of the (. nte ° 
d'Or. The line of these granite points being considered 
part of a geodesical circle, and prolonged in each direc- 
tion, is found to coincide with several remarkable geolo- 
gical accidents or disturbances. In the North-East, for 
instance, it coincides with doloniitic Jura limestone 
and steep dips at Suxy, between Emigres ami Dijon, 
with'thc hot springs and magnesian muschelclialk of 
Bourhonue los Bains, with t lie basaltic eminence of 
Essey, South of Lunevillc, and with the granitic pro- 
tuberance of Albcrswciler, between Annwcilor and 
Landau. 

Another line of disturbance parallel to the preceding 
is indicated, and it is observed, that from Parity (Suone et 
Loire) to Plombieres, (Vosges,) the great line of valley 
watered by the Bourbon ne and Suone is perfectly 
parallel. This line prolonged into (iermany passes 
along the line of the valleys of the Mayu and the Saal, 
through Mittenbcrg to Leipzig", and is parallel to the 
Erzgebirge anil Mittelgebirgc. 

Now all these dislocations were probably produced at 
the same geological epoch, which, though inferred limn 
the generul phenomena along the line, is determined 
more exactly in consequence of an extension of tin's 
system of fuults by a series of parallels retiring to the 
South-East, till vve arrive in the Department of the 
Rhone, where the Jura limestone and chalk occur toge- 
ther, the former dislocated, the latter undisturbed. The 
direction of these parallels of disruption is at Dijon, 
North-East and South-West. In the Jura a great num- 
ber of undulations in the strata runge parallel to a line 
North 40° East, or North 45° East, and, being some- 
times filled with green sand deposits, are clearly of the 
same date as the other disruptions mentioned above. 

The insulated chain of the Pyrenees, one of the most 
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Geology. remarkable in Europe. 1 , forms the base of the ninth system. 
*y* J Many observations prove that the chalk and green sand 
Nmlh iTs- nre ® ,ere ^pldlcd primary rocks, but the later 

ten! of?)* tertiary deposits lie level against their slopes, and some 
Jieaiiimmt, were deposited from a sea which washed the base of the 
already elevated mountains. The general direction 
of the chain, from Cape Ortegnl in (ialicia, to Cape 
Crenss in Catalonia, is a little South of East; but this 
general chain is composed of partial ridges whose axes 
are parallel to one another, and directed West North- 
West and East South-East. 

This direction belongs to the disturbances of the 
same date in Provence and near Nice, and is recognised 
in the Apennines, at least in the Northern part, and in 
the Country of Naples, and along the South shore of 
Sicily. Tlu* South-Western boundary of the Nagel flue, 
in Swisserland, appears to correspond with the Pyreneo- 
A Pennine line, as do likewise the Dalmatian and 
Croatian summits, the \ alleys of the Save and the 
Th ave, the line of the Khodopcnn mountains, and the 
ridge which crosses the Straits of the Bosphorus. 
Similar directions seem to be traceable in Greece; and 
as far as the evidence yet collected goes, the date of the 
elevation of all these chains is the same. The Carpathian 
range, parallel to the Dniester, falls into the same 
system with a small line of granitic and syenitie rocks 
along the Elbe near Dresden, and the mean courses of 
the metallic veins of the Harz. 

Extending his views, M. de Beaumont finds some 
traces of the Pyreneo-Apennine system in Africa and 
Syria, in the Caucasus and the Ghauts of India; lint the 
imperfect state of information concerning the Geology 
of these Countries renders the inferences concerning them 
of less value than those which relate to the North 
American mountains. On prolonging the Pyreneo- 
Apenuitie circles across the. Atlantic by llocla and Green- 
land to the New World, we find it descend parallel to 
the Alleghanies and their Northern connections, which 
have determined the form of the Eastern shore of North 
America; and, as appears by the statements of 'trans- 
atlantic Geologists, were probably uplifted between the 
age of the chalk and the latest of the stratified rocks. 

Such remarkable accordances of epoch and linear 
direction, over so enormous h length upon the surface of 
the Globe, cannot, saysDe Beaumont, be the result ol 
chance, but of a regularly acting internal cause. Those 
who admit the generalization, usually imagine the effects 
to depend upon periodical fractures o>‘ the crust of the 
Globe through the cooling of its interior, so that the 
crust contracts convulsively with lines of fracture paral- 
lel to some great circle of the sphere. 

Brloro Relinquishing for the present any further attempt to 

( |”" u iu construct a general system of relation between the age 
1 and direction of dislocations, we may still find it useful 

to inquire what laws of direction belong to dislocations 
in a limited district. 

The remarks already made, pp. 543, 514, 597, 598, 
and ill the Section on Mincrul Veins, will render it un- 
necessary here to do more than stale a single case of the 
parallelism of trap dykes, which has been furnished by 
Archdeacon Verschoyle, in the North-West part of Mayo 
and Sligo. (Pivcet dings of the GeoL Sue, 1833.) lie 
describes no less than eleven basaltic and amygduloidal 
dykes, which, in a space of 11 J miles in breadth, tra- 
verses the Northern part of the district in a neurly 
East and West direction, and cut through all the forma- 
tions from the gneiss to the carboniferous limestone 


One of these dykes he traced between 60 and 70 miles, Geology, 
and believed it might he followed much further to the *V 
Eastwurd. Two of' the dykes are crossed by others 
having a North and South direction. 

Direction of the Strata. 

It was long since remarked by Mitchell, that the di- Mitchell's 
rcctiou of the strata in any region was generally parallel V,L ' WS ‘ 
to the ranges of mountains ; a truth of great importance 
in the modern system of Geology. The prevalent range 
of the strata in any Country must, however, depend 
partly upon another circumstance, viz. the original line 
of the Ocean boundary. In many parts of the Globe the 
most prevalent direction of the strata is observed to be 
North-East and South-West. Humboldt was so stmrk 
with these tojradromic lines in Europe, that he says one 
of his principal inducements to visit Equinoctial America 
was to examine the directions of the strata there. He 
has furnished evidence that the parallelism of the strata 
to the great lines of mountains, is a general law of N attire. 

M. Neckcr, in a communication to the Soviet c d'Hhi- M. Neck- 
toirr Nature lie dr. Geneve, has shown a very unexpected «'*» infer- 
coincidence over large portions of the Northern henii- cncts * 
sphere, of the direction of the strata, and the curves of 
equal magnetic intensity, us traced by Captain Sabine. 

One of these curves, that of 297 seconds, traverses 
Scotland in a direction North-East and South-West, 
which is exactly that of the strata; it keeps the same 
direction by Chiistiania iu Norway, where, according 
to M. Yon Buch’s observations, the strata trend North- 
East and South-West, and pass through Sweden, 
where, according to Hisinger, the same direction of 
strata predominates. On arriving at the Gulf of Both- 
nia the magnetic curve turns North-West and South- 
East, t wliich, according to Strangways, is the direction of 
the Southern border of the Swedish and Russian granite. 

The curve of 308 seconds enters Europe by Lisbon, 
and passes South-West and North-East through the 
Spanish Peninsula, which is nearly the line of most of 
the long Sierras between the great rivers ; it passes by 
the Gevenncs, and goes parallel to the Alps in their North- 
East course to the Tyrol, but there turns South-East, 
as do also the lines of stratification through Carniola, 

Istria, Croatia, Dalmatia, and the Morea. Parallel to these 
are the Carpathian mountains. The same correspondence 
between the magnetic curve and the lines of strata is traced 
through the Crimea and along the Caucasus. 

In North America the magnetic curve and the'slratifi- 
cation range North-East and South- West along the 
whole Eastern coast; in the Rocky Mountains both extend 
from North North-West to South South-East: in Mex* 
ico the magnetic curve takes the parallel of the Cordillera 
of Analmuc Norlh-West and* South-East, and ranges 
along the South coast of New Spain. Further to the 
South the curves resume their course North-East and 
South-West, which, according to Humboldt, is the di- 
rection of the strata in Venezuela, and between the 
Orinoco and the Amazons. The mighty chain of the 
Himalaya, which in Nepaul bears North-West ‘and 
South-East, and turns North-East at the North-Eait 
extremity of Bengal, is parallel to the curve of 297 se- 
conds which was first noticed. 

These remarkable accordances deserve the attention of 
Geologists, who must always receive with particular grati- 
fication any results tending to connect the general facts 
of the construction of the crust of the Earth with the laws 
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of the distribution of terrestrial magnetism, electricity, 
and temperature. 

Effects of Convulsions in altering the Relations of Land 
and Water, 

The submarine origin of the whole stratified crust of 
the Earth being admitted, and the actual elevation o 
these rocks above the sea in the existing continents being 
known, it is required to determine the several geolo- 
gical periods when different parts of the solid land were 
raised above the waves. It is usually taken for granted 
that this effect has bee u produced by the several systems 
of convulsions which have impressed angular move- 
ments upon dislocated portions near t he surface of 
the Earth, and thus raised some portions and, perhaps, 
depressed others. That this general impression is fre- 
quently well founded, though it does not embrace the 
whole truth, will appear from the simple consideration, 
that the whole configuration of the dry land, whether in 
islands or continents, is dependent upon the direction 
and elevation of the chains and groups of mountains, 
which were certainly elevated, at various assignable 
geological epochs, above the ancient sea. 

It may be asked how is this ascertained ? The mere 
fact of those mountains being convulsed, and the strata 
therein thrown into angular positions, does not seem to 
prove that the region was elevated by such action above 
the level (if the sea, nor, perhaps, that it was uplifted at 
all ; since it may be imagined, with some theorists, that the 
neighbouring parts were depressed, and that the general 
level of the Ocean has been lowered. In answer to this 
we. may proceed to show that the effect of the convul- 
sions was relatively to raise the convulsed parts; that 
these parts were in several instances elevated above the 
sea at assignable periods ; and that these effects were 
independent of any imaginary depression of the general 
level of the Ocean. 

That the etlecl of convulsions lias been, generally, to 
raise the convulsed pails will appear shown by consider- 
ing what is the locus of the disturbance and the direc- 
tion of its energy. The mountain chains and groups 
are most certainly the foci of the disturbing forces ; lor 
as we pass towards them, from all sides the number and 
force of the dislocations continually increase, and the 
declination of the strata grows more and inure violent. 
The direction of the disturbing force is by the same pro- 
cess of observation clearly discovered to be vertical or 
nearly to, ami outw ards from the central regions of the 
Earth. It was an expansive force, which employed its 
principal efforts along certain lines and about ceitain 
centres, there breaking and bending the strata in the 
highest degree, but also lifting them up on all sides 
around. As far as we can judge, this elevation of the 
mountain chains and groups was generally unaccom- 
panied by any neighbouring depression, for the inclina- 
tion of the strata lor the most part gradually subsides to 
a gentle slope, and finally vanishes in nearly horizontal 
planes. In the mnuntaiu chain itself, various and sud- 
denly reverted dips may be met with corresponding to 
|be violence of the disruption, but by a careful study 
of the exterior slopes the general tendency of the con- 
vulsion may be clearly deciphered. 

The same data will not, however, by any means give 
us right to conclude that the mountains so uplified were 
raised above the sea, because, though we may know the 
absolute height of the vertical movement, this will avail 


us nothing in our ignorance of the original depth of the Geology, 
water. We must examine to ;ee whether thev bear on ch 1 V. 
any part of their surface any traces of those later marine 
deposits which spread around their bases. If they do, 
we may he sure they were not elevated above the sea till 
after the date of these strata; as for instance, the Alps, 
which bear upon their crests poit ions of oolitic, t retaccmis, 
and tertiary strata, are thus proved to be of modern ele- 
vation. If they do not, and the newer marine stiata mound 
their bases have been deposited horizontally against the 
slopes of the mountains, we are entitled to believe that 
these hud been previously reared above the *-ea. This con- 
clusion, however, it must lie always borne in mind, does 
not inform us correctly to what height they were i eared 
above the sea, but leaves ns to infer that, they have 
since partaken of another movement by which these 
newer strata have been placed at their present ele- 
vation. 

The facility of escape from many embarrassing con- Spmii.i- 
siderations which a general depression of the level of the " ,1 1,10 
Ocean seemed to offer, was too tempting to speculators Oiv.inlm-L 
in lieology to permit them to inquire into its phvsical 
probability. The simple question of what has become 
of the vanished water was disregarded by Werner, and 
perhaps never thought < > I by his followers. It will not 
now he sufiicieul to press it into a subterranean ah\ss, 
nor to carry it oil’ to other planetary regions in the tail 
of a comet; we must admit that the quantity of water 
upon the (ilobe lias been constant, or give up all pre- 
tence to philosophical moderation ; und with this rcM fic- 
tion upon our inquiries it becomes easy to prove that 
the level of the Ocean is confined within very narrow 
iimits of fluctuation, so long as the Earths avis and ro- 
tatory velocity are supposed invariable. If the level of 
the Ocean be expressed either by taking its mean depth, 
or the mean radius of its smface, this level may be sup- 
posed variable by reason of any local convulsive move- 
ments of the dry land or bed of the sea, any change of 
dimensions of the whole (ilobe, or any alteration of the 
mean temperature of the water. First of temperature. 

If vvt take (In* mean temperature of the Ocean at the 
Equator Sl.r> F. its temperature at the Foies 0.0 F. oil 
the surface, and at some depth (#/) 81.5 F. ; and 
suppose, in conformity with inferences from organic re- 
mains, that the whole surface of the (ilobe was formerly 
subject to a temperature equal to that of (lie Equator; 
the Ocean at that period must have been defined by a 
longer radius. 

The expansion of the Polar waters, supposing them Variable 
to have been fresh, would he at tile surface only to the with cluing® 
extent of 4°.0, because at temperature 0°.0 F. fresh water of tnnpcm- 
occupies nearly the same space as at 77°.5 ; at nearly turt '* 
half the depth (d) it would expand through 42°.75, at 
the depth (d) nothing. Average expansion = 22°. 4 

which corresponds to of the depth. If we suppose 


d to be 10,000 feet, the Polar expansion = 54 feet. 
But if we suppose the water to have been salt, the ex- 
pansion at the Polar surface, from 0°. 0 F. to 


81. 5F. 


81 1 1 

1ST) * ad “ sooo “ 4 -i 11 


of the depth : and at other latitudes 

= -i- x 'ine hit. And feet =s 22S feet, 

4 4 4 1 

which would give a mean rise of the Ocean =s 76 feet. 
5 k 2 



788 


GEOLOGY. 


G«olo#V. 
Ch. IV. 


VnrialiJis 

through 

mu; onunits 


It is evident that such fluctuations of level, however 
real, arc not adequate to explain the desiccation of large 
tracts of land. 

What might be the effect of a general change of 
dimensions of the Globe, through variation of its own 
temperature, is beyond our power of investigation, be- 
cause we do not know in what ratio the solid and liquid 
parts of the Globe would alter their dimensions * 

We may, however, consider the effect of a general 
change of dimension of the nucleus of the Globe, suppos- 
ing the superficial temperature unaltered. According to all 
analogy of organic forms, the Globe inay be supposed to 
have grown cooler continually, and thus to have con- 
tracted in bulk ; but this, by shortening the mean ra- 
dius, would cause the Ocean level to rise upon the land, 
which is contrary to the effect we wish to explain. If 
we even allow, for the sake of argument, an augmenting 
diameter to the Globe, this must go to a very great 
amount before the level of the Ocean, as compared to the 
land, would he sensibly affected. If the Ocean be 5 miles 
deep, the diameter of the Earth must be augmented 14 
milts to cause the level of the water to sink relatisel) 10 
feet, and to sink it half a mile the radius of the Ocean 
must augment *100 miles. It is unnecessary to prose- 
cute this inquiry, for a sinking of half a mile would be 
insufficient for the desiccation of the whole dry land, even 
allowing the great mountains to have been uplifted. 

The most, interesting part of the inquiry remains to be 
more carefully examined — the variability of the Ocean 
level in consequence* of displacements of the solid land. 
We shall put the ease in three forms, and according to 
each of these imagine the present continents to be de- 
pressed beneath the waters of the Ocean, as they once 
certainly were. 

First, we may suppose no vacuum to exist below the 
crust of the Earth, nor any receptacle occupied by air or 
gases into which the solid land could sink, but that a 
sinking in one place should be compensated by a rising 
in another, so that the cubic dimensions of the Globe 
should remain unchanged. Moreover, to put the case to 
extreme, it may he a condition that the* land shall sink so 
that water shall cover the whole surface. In this ease 
the level of the Ocean would rise, that is, the mean 
radius of its curved surface would be lengthened, by a 
quantity depending on the mass of the solid land sub- 
mersed, and ou the relative area of land and water. 
This relation of area is about as 3 water to 1 land. The 
cubic content of the solid land may be thus estimated. 
In England, Wales, and Scotland, the average height of 
those conspicuous mountain masses which appear to give 
shape to tile whole country is about 3000 feet; and if 
we consider this as the apex of a cone whose base is the 
given area, wc shall have the cubic content of the moun- 
tain masses = X area. But on acccount of the 

w 


valleys this quantity must be reduced to half, cr 

???? 500 feet, and the area = J of the whole area 

of the Island. In addition, the more level parts may be 
compared to g mean cone of 400 feet altitude, on an area 

400 

r= I the whole area of the island. Then •— = 133 


♦ Since this Section was written, Mr. Babbage has made known 
tome very interesting views bearing oil this subject. (Proceedings 
of ike Geo/, Society , 1830 


feet, and making the sum of the bases = area of the Geology. 

500 -f- 400 Ch. IV. 

Island, we have mean altitude = 225 feet. ^ ^ 


This principle applied to the Continents of Asia and 
America would give in round numbers about 1000 feet 
mean altitude of laud; and as the area of the expanded 
Ocean would be four times as great as the land is now, 
the total mean elevation of the water, by the submersion 
of the whole mass of land, would be about 250 feet; a 
quantity too small to be of use- in explaining any but the 
lesser order of geological phenomena, and which inay 
be considered as the extreme limit of oceanic rise. 

Secondly. We may suppose the existence of cavities 
into which the solid land might sink, so that there rnuy 
be no elevation in another place corresponding to the 
given depression. To put this also to extreme, we may 
imagine the very improbable case that a mass of solid 
materials equal in bulk to all the solid land above the 
water, should sink into a cavity, and that the surface of 
the submerged land should be level. The level of the 
Ocean would be nearly unaltered, except in a small de- 
gree, by reason of its shallow expansion over the area of 
the land. We might go on to suppose even the enor- 
mously improbable case of cavities existing so large 
as to admit twice the whole solid mass of the con- 
tinents, and that these should sink with an equal bulk 
of materials into these cavities. Even in this case the 
Ocean level would only be lowered 250 feet. 

Thirdly. Jf we suppose contemporaneous or succes- 
sive elevations and depressions however extensive, the 
Ocean level would oscillate about a constant line. 

It is evident, therefore, that by no stretch of conjee- Conclusion 
ture, thatris not absolutely monstrous, can wc torture adopted, 
the known laws of terrestrial arrangements into agree- 
ment with the hypothesis of any but small changes of 
the level of the Ocean; a conclusion of the highest 
value, since it enables us to argue upon that level ur a 
general standard to which we may refer all the e fleets of 
internal movements, in whatever period, and by what- 
ever forces produced. It must be remarked, however, 
that it fixes no limits to the effects of the temporary vio- 
lence induced in the Ocean by such movements, because 
these effects would be proportioned to the impulse with 
which they were attended. 

It appears that we cannot in all cases understand the Grudcal 
possibility cJT the elevation of land out of the sea by the elevation of 
mere effect of local convulsive movements, but must in 
addition admit the gradual rise of large tracts of land 
whether convulsed or not at some earlier epoch.* 1 Eng- 
land is an unexceptionable example ; and probably every 
Country will be found to require the same admission. 

The necessity for admitting this gradual elevation of the 
whole country, is first suggested by the difficulty of 
otherwise accounting for the altitude of the tertiary and 
other marine strata, which have been deposited long 
since the great convulsions which partially or completely 
raised the primary and other old systems of rocks, and 
are, in general, remarkably free from the traces of any 
such events. The older Geologists relieved thcinsc)ves 
from this dilemma, by inventing the gradual diminution 
of the level of the Ocean ; the moderns meet the diffi- 
culty by supposing u gradual intumescence of the land. 

The former mode has been proved to be incredible, the 
latter we certainly do not yet understand, but it is not at 
variance with the established facts of convulsive ele- 
vation. 

Where convulsive movements can be traced in their 
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effects we liqye a pood local cause for the local elevation 
of the ancient bed of the sea; but where no such move- 
ments can be traced, and yet the land is raised far above 
the sea, it is clear that we must neither admit convul- 
sion, nor deny the relative change of level of land and 
water. Now the areas of country which are elevated, 
hut not convulsed, in such a way as to account for this 
elevation, are very extensive. The greatest portion of 
the level regions of the Globe is thus circumstanced. In 
many instances we might plausibly explain the facts by 
supposing that the same localities (as mountain chains 
and groups) which had been in very ancient periods 
liable to great convulsive movement, were during later 
periods influenced by more gradual and continual sub- 
terranean expansion, so as to bear up on their slopes the 
newer strata formed nud in process of formation. This 
would apply to England, whose great centres of old 
convulsions are nearly confined to the Western borders, 
and it seems equally suitable to most Countries whose 
lines of mountains correspond with the general figure. 
The principle, once admitted however, will be found 
applicable to all situations, and equal to solve a very 
difficult class of problems in Geology. It may e\cu 
clear our way through eases of alternate elevation and 
depression, such a s l lie Temple of Sera pis oil the Nea- 
politan shore: for whatever he the cause of local intu- 
mescence, it may be discontinuous or iiilcimitleut, and 
elevation in one quarter may be coun let balanced by de- 
pression in another. 

1^ ut is such an assumption of local subterranean ex- 
pansion consistent with what is known of the interior 
constitution of the Globe, or is it a vain speculation? 
.So little is known of the interior of the Globe, that 
almost any hypothesis is safe from coming into collision 
with that knowledge, provided it allows of given mean 
density, and a specific giavity increasing toward the 
centre. Newton supposed the spheroid to be homoge- 
neous ; it has been found that this supposition is by no 
means necessary to fulfil the observed conditions of the 
problem of the Earth’s figure, and the irregularities of 
attraction indicated by the pendulum experiments, and 
of curvaturc^hy direct meridional measures, seem to 
show that the concentric masses of the spheroid may not 
be of uniform density. 

This being allowed, there would seem no objection to 
suppose that the densities along any one Radius of the 
spheroid arc variable , by reason of intestine mo\cmcnts 
nmon n- the unequally dense parts of the concentric 
masses, and this would exactly answer the conditions of 
the geological problem. For the length of any radius 
of tlie heterogeneous spheroid would necessarily vary 
with the densities; and considering the small piopor- 
tion of the height of the land above the mean ladius 
of the latitude, it is clear that small internal changes in 
a length of 4000 miles would easily account for varia- 
tions on that line to the extent of 1000 feet or yards. 

This hypothesis would give a gradual and prolonged 
elevation in some parts and corresponding depressions 
in .others ; it would not affect in a sensible degree the 
astronomical elements of the Planet, but would change 
'more or les9 completely its hydrographical boundaries. 
It appears consistent with the inference to which we were 
conducted while studying the phenomena of mineral 
veins, (p. 777.) viz. that under the same region of stra- 
tified rocks different sorts of igneous rocks had been at 
different times developed ; and at all events may be 
used as a first contribution toward a sound mathematical 


theory of general subterranean movements independent Otology, 
of volcanic convulsions. t 'h. IV. 

Wo may now attempt n brief sketch of the relations of '*~**s*s 
land and water in particular regions, during the successive 
geological periods, and notice the character of the agen- 
cies concerned in producing them. . 

It is sufficiently e\ident that wo are precluded from 
any attempt to assign these relations generally, because we 
cannot know what tracts of land were once raised above 
the sea, and have since been submersed. This applies 
with great lorce to the periods, whatever they were, 
which preceded the formation of what we call primary 
strata; for concerning the question of the existence of 
land during those periods we cannot even oiler a con- 
jecture, except upon the basis of inquiries into the re- 
mains of terestrial organic forms imbedded in these 
strata. The evidence which they afford negatives, «x 
far as it goes, the existence of land plants ; hut it is 
chiefly by the great extent and uniformity of character of 
these deposits, and by the absence from them in the 
lower parts of marks of littoral or (luviatile action, 
that Geologists might justify a belief that little or no 
dry kind divided the wide primeval Ocean. We pass to 
consider the state of tilings during the primaiy period. 

It is admitted that the greatest effects of the elevatory During tin? 
movements which can he traced in the existing ranges primary 
of mountains were posterior to the primary deposits ; 
but there are good grounds for believing that diy laud 
in some (unknown) situations began to furni'h vegeta- 
ble reliquue, during, perhaps, the *w hole of the peiind 
occupied in the deposition of the clay slate system. 

First, there is the certainty that some disturbing effects of 
igneous agency are traceable among very old members 
of this vast group of rocks, (p. T»7l.) Second*!/, the 
existence of cai honaeeous matter (anthracite) among the 
newer slates. Thirdly , according to different authors, 
in the upper parts of the series occur various land plants. 

ft is highly interesting to observe the coincidence of two At therom- 
classcs of results heating on the relation of land and menmnent 
water at this epoch. Some of the most extensive and ,,f *1'? car " 
important phpical features on the Western side of the 
basin of Em ope have resulted from convulsions piccrding 
this epoch, which ccitaiuly raided out of the sea many 
remarkable ranges of high ground ; and the most con- 
siderable accumulations of land plants which have fur- 
nished the substance of coal in Europe and North 
America, ft iff arced those convulsions. It may, perhaps, 
eventually he possible to derive, from the comparison of 
the local centres of elevation with (he limited fields oi 
coal, some conclusions as to the place and other circum- 
stances ofgimvth of the vegetables; at present we shall 
only venture three remarks. 1. The deposit of coal 
plants does not in general follow immediately, hut after 
some interval, the uplifting of certain tracts of land ; for 
between the uplifted primaries ami the phytiferous se- 
condaries, great thicknesses of conglomerates holding 
few or no plants, and beds of limestone full of marine 
shells intervene. 2. The plants which most predomi- 
nate in the older parts of the carboniferous deposits m 
Great Britain (comfero*) appear like the vegetation of a 
mountain district in a warm climate, while those which 
uhound*in the younger deposits of (he same period 
(cacti ace a?, equisetucea:, &c.) maj be more successfully 
compared to plants of plains and marshes. 3. The 
coal basins appear related in position to the ranges of 
primaries uplifted before the deposition of coal, and not 
to those of subsequent ages. This is an important fact. 
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anil must be 1 further developed. On the Geological Map 
of the British Isles, (pi. i.) the local relation of the primary 
and carboniferous strata may be seen, and it will be ob- 
served that the latter form a broad belt parallel to the 
general course, entering into the indentations, anil sur- 
rounding the insulated eminences of the former. But 
along the ranges of the Alps and Pyrenees, no such hands 
<){' carboniferous rocks occur. The British primaries were 
uplifted before the carboniferous petiod, the great Euro- 
pean langes after . Coal is, however, not uniformly 
spread over all the area of the carboniferous rocks. It 
occurs in the great valleys of the Forth and Clyde, between 
the Grampian and Lamincrmuir ranges, in v alleys of the 
Luinniennuir ; (Sanquhar;) round the Cumbrian moun- 
tains ; round the Welsh mountains; in hollows of the 
Auglesea primaries. Besides these reinai liable juxta- 
positions, the long range of the great Noitliern coal 
fields is still partially united with the coal deposits en- 
circling the Cumbrian and Welsh mountains ; and it is 
only by the ctlect of immense subsequent convulsions, anil 
the consequent unconformity of the saliferous formation, 
that it does not now appear completely united with them. 

'Lhe immense coal deposits of Ireland are in the same 
way surrounded by primary strata, which were raised 
above the sea before the accumulation of the coal. Pa- 
rallel to the Uuudsrui k and to the Tamms and Ardennes, 
which were elevated about the same early period, lie the 
coal deposits of Suavbruck, the Netherlands, and West- 
phalia. Comparing this statement with the inferences 
concerning’ the growth of the plants of the carboniferous 
period, (p. MM — b97 f ) and with the peculiarities of the 
several coal fields, we seem to find a fair basis for reason- 
ing concerning the original habits of fossil plants, which 
may eventually lead to important results. 

The olevutory movements consequent upon the depo- 
sition of coal appear to have been very general and ex- 
tensive, and in the basin of Kuropc to have materially 
contracted and altered the boundaries of the sea. In 
England, especially, this effect is cleaily shown, by the 
rising above the sea of the large tiact. reaching from the 
Tweed to the Trent, and including nearly the whole of 
the space between Berwick, Carlisle, Liverpool, and 
Nottingham ; thus forming a large and nearly united 
tract from the Pentium! Frith to Cheshire. To the same 
periods we must refer a large augmentation of the previ- 
ously elevated regions of Wales. It will thus appear 
that nearly all the Northern and Western parts of the 
Island of Great Britain were then raised above the sea, 
which still (lowed over the sites of all the Midland, East- 
ern, and Southern Counties. The greater part of Ireland 
had also emerged. Besides these greater elevations, 
some smaller tracts, which now appear as detached 
groups of mountains, were then conspicuous as islands. 
Charnwood forest, the Dudley district, and Mend ip 
are examples. The Cumbrian mountains were half sur- 
rounded by a sinuous arm of the sea, which washed the 
feet of the Penine chain from Kirkby Stephen to Bramp- 
ton, expanded into the Southern Counties of Scotland, 
and perhaps connected itself along w hat is now a part of 
the Irish Sea, with a great diversified gulf in Cheshire, 
Warwickshire, Leicestershire. (See Map, pi. i.) To 
the East of a line drawn from Newcastle .through 
Nottingham to Exeter, we may suppose it to have been 
all an open sea ns far as the Ardennes and the Harz. 
It thus appeurs that some of the marking features of 
British arid European Physical Geography are of very 
high antiquity ; and however modified in detail, by sub- 


sequent internal movements and superficial wasting, Geology, 
their larger proportions and general effect in those early 
periods may be very well judged of from the characters ** 

which they retain at present. 

It might appear that, during the saliferous period, the 
elevated lands nourished no great profusion of vege- 
tables ; for throughout the whole of Great Britain the 
magnesian limestone and new red sandstone system 
is wholly, or very nearly so, devoid of such remains ; 
and though in a few places in Germany plants arc found 
in some parts of this system, they rather confirm than 
oppose the general inference. 

It does not seem possible to trace any close depend- 
ence of the local character of the saliferous system upon 
the circumstances of the Physical Geography of the re- 
gion ; for, correctly speaking, there is very little of local 
character, except what is imparted by the unequal ex- 
tension of the limestone groups ; and these are probably 
wholly derived from marine decompositions. Along the 
Vosges mountains, perhaps, a peculiar sandstone con- 
glomerate may have been derived from these mountains. 

Scarcely any thing in Geology is more remarkable 
than the great uniformity of appearance of such exten- 
sive deposits as those of the saliferous system, with such 
few remains either of maiiiic or of terrestrial reliquiae. 

The prevalent red colour of this system is of itself a cir- 
cumstance of great interest, though of unknown origin. 

In many cases this colour is derived from a superficial 
coating of oxide of iron round the internally clear 
quartz grains ; and there can he no doubt that chemical 
agencies were then in operation of a very extensive and 
very remarkable kind. It is diflicult to avoid believing 
that the life of the marine mollusca and Indiana was 
much controlled by these agencies. 

The deposits between the coal system and the tertia- Before the 
lies succeed one another so regularly in England, and oolltlr 
even tUVoughoul Europe, that it is perhaps impossible 
to explain the successive parallel outcrops of the se- 
veral strata, except by supposing a gradual elevation of 
the pre-existing land, or a gradual retreat of the Ocean. 

Tli is problem becomes, however, still more intricate wl^eii 
we add the following general truths: l. That in Eng- 
land thcoolitic strata, which succeed the ret# marls, form 
hills of greater height than any one point of the sali- 
ferous formation ; the same is true for Germany and 
France. 2, iGiat there exist beyond the general range 
of the oolitic outcrops, many far detached hills of these 
strata resting on and overlooking broad plains of red 
marl, which seem to he in an undisturbed position. It 
is obvious in these instances that the surface has been 
subjected to enormous waste by the violence of watery 
currents ; in every theory of diluvial or alluvial action 
it is supposed that these denudations were performed 
upon the dried and elevated lanjl; but few speculators 
have had the boldness to attempt the solution of the 
difficulty, by assuming that the inversion of relative 
level between the red sandstone and the oolitic systems 
is wholly due to the wasting action of water. 

Perhaps we shall best consult the true interests of the 
Science by not insisting much upon any mode of ac- 
counting for these yet insufficiently examined questions; - 
but it seems right to observe, that a gradual elevation of 
the South-Eastern parts of England, parallel to the line of 
the oolites, and prolonged in duration through the whole 
period of the saliferous, oolitic, cretaceous, and tertiary 
rocks, would fully agree with the general physical features 
of the surface of the district, the minuter inequalities of 



GEOLOGY. 


791 


Geology. which may certainly be ascribed to superficial watery 
Ch. IV. action. This view appears to agree well with the general 
character of the upper saliferous, oolitic, and cretaceous 
deposits, which exhibit many repetitious of analogous 
rocks and fossils, many deposits of limestone and clay, 
such as might be formed in quiet or deep waters, with 
but few beds of sandstone. From some of these local 
sandstones wc learn the fact, that some parts of the 
laud which borders the oohtifcrous sea, nourished a va- 
riety of plants, characterised upon the whole by a pre- 
dominance of vascular cryptogamia and coniferous pha- 
nerogamia, different from those of the older coal tracts. 

Effects of Convulsions on the Deposition of Strata and 
on Organic Life. 

The formation of extensive conglomerates has been 
already shown to be a natural consequence of convul- 
sive movements; and it is in some cases very probable 
that the disturbance was centred in the immediate vici- 
nity of these accumulations. But it would be a gratui- 
tous contraction of a very interesting field of research to 
limit our inquiries into the effects produced by subter- 
ranean movements on the deposition of stiata, if we did 
not take into consideration the peculiarities of mineral 
character belonging to the several systems of marine 
deposits, the alternations of marine and fresh-water 
rocks, and the successions of races of organic beings. 
What dependence there may be between these pheno- 
mena on the one hand, and subterranean movements on 
the other, will undoubtedly be revealed by the progress 
of inductive Geology, ami results of a very interesting 
kind will flow from such a discovery. At present, we 
can only sketch a dim outline of a subject as yet scarcely 
emerging from obscurity. 

Mineral Characters of the Systems of Strata. 

Actual pro- Sedimentary deposits, whether they are occasioned 
nature by ^ ie action of streams and floods from the land, 
or of tides and currents in the Ocean, have a mine- 
ral character depending on the nature of the mate- 
tials acted upon. The same great stream may, accord- 
ing as its dilferent feeders predominate in their action, 

. deposit materials of different quality ; there may be in 
such deposits effects depending on the Reason of the 
year, blit all such differences are periodical, and a series 
of alternations of given mineral aggregates is the result. 

Th« action of the tides in a certain direction, is also 
liable to periodical variations of intensity ; the coasts 
worn by tides may be unequally affected at different 
times, and the accessions of materials from the laud may 
be irregular; still these minute inequalities are almost 
wholly lost when we contemplate the average results of 
a long-continued course of the same tidal action. 

Deep-sea currents, so long as they follow the same 
channels, can hardly be supposed to produce any but 
•very uniform admixtures of sedimentary ingredients. 

When, therefore, we find a scries of sedimentary strata 
to ‘consist of repetitions of the same materials, or of re- 
curring alternations of different materials, the whole is rea- 
sonably referred to a series of the same, or similarly alter- 
nating effects of watery action upon the same tract of land, 
the same line of coasts, or the same channels of the sea. 

On the contrary, the suppression of one class of de- 
posits, and the production of another, clearly murks 
out to us that the water has ceased its action on the 


land, coast, or Ocean bed, which it formerly wasted, and Geology, 
transferred its attacks to a new quarter. Ch. IV. 

it was not the perception of those simple laws of mo- v 
dern nature hut a clear recognition of their etlecls in 
older ]>eriods, that led Geologists to agree in classing 
together portions of the innumerable layers or stiuto 
into certain groups or formations, according as they 
are identical or analogous in their nature, very gra- 
dually change from one to another, or consist of a scries 
of recurring mineral terms ; and in dividing these giotips 
at the points where new terms appear ami old ones arc 
suppressed. Thus the suppression of red tnarl, ami the 
introduction of blue clays, marks the boundaty of the 
saliferous and oolitic formations ; the suppression of 
oolite, and the introduction of green snn:U, marks the 
limit of the oolitic and cretaceous formations. 

Whatever view wc adopt of the origin of sedimentary univer. 
rocks, there can he no doubt that, even from the earliest vil strata, 
geological period, the bed of the sen must have beet, 
composed in dilferent regions of different materials; 
this must have been the ease, even if we carry back our 
thoughts to that remote epoch where we may suppose 
that nothing solid existed at the surface of the Globe, 
except the products of heat ; for these, in fact, contain 
nearly nil 1 lie varieties of minerals, and nearly all the 
elements of the composition of stratified rocks. The 
very earliest formations which we have yet succeeded in 
tracing, exhibit themselves in two very distinguishable 
masses ; the gneiss and mica schist system oil the one 
hand, and the clay slate system out the other. When, 
by the partial elevation of these rocks above the level of 
the sea, the Ocean was divi led into separate parts, local 
differences of the sedimentary, ami even chemical depo- 
sits, must speedily have resulted ; und as the extent of 
-wild increased in any particular region of the Globe, the 
deposits in the residuary seas thereabout must necessa- 
rily have become more and more dissociated from those 
of other regions. 

ft is, therefore, very evident that there can he no uni- 
versal strata ; that during' the greater part of the geolo - 
gical periods, rocks o( very different nature may, and, 
indeed, must have been contemporaneously deposited ; 
although, according to the circumstance of the cases, 
the peculiar products of one region may have been, by 
oceanic currents or other causes, mixed with those of 
another, and so a continual or interrupted analogy be- 
tween the series of strata in each maintained. 

We have now arrived at the point when the coordination Changing 
of the diversity of sedimentary aggregates in a given M-ihmeiiti* 
oceanic basin with subterranean movements, and the 
dependence of the former on the hitter, may be pre- 
sentrd in the form of u very probable inference. Geo- n„ )V e- 
logists have long been accustomed, while reasoning on iuuhN. 
the phenomena of tertiary rocks, to recognise the prin- 
ciple of the dependence of the local difference between 
contemporaneous strata in dilferent basins upon the 
physical structure of the region from which the mate- 
rials of these strata were derived. It lias been already 
shown that the successive diversity of strata in the 
same busin can only be understood by admitting that the 
different sediments were brought from different regions; 
it is evident that for this end the drainage of the land, 
the flow of the tide, or the direction of oceanic currents, 
must have been changed ; this can only Vie uscribed to 
ati alteration in Mie local relations of land and water, 
that is to say, to subterranean movements. 

When this change of the sedimentary deposits is sud- 
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den and complete, \vc may generally feel assured that it 
is owing to violent .subterranean movements, which have 
opened a new communication with the basin ; the exact 
site of the centre of convulsion may perhaps not be as- 
certainable, though in some particular instances the di- 
rection of the new currents may be inferred, and thence 
their local origin conjectured. When the changes of 
sediment are gradual or alternate, we must apply cor- 
responding inferences with greater caution. 

In some cases slight movements might accomplish 
great changes in the nature of the deposits. The map 
of the terraqueous Globe shows us how easily, at parti- 
cular places, the waters of different oceanic ttirti might 
be brought into union by the lowering of an isthmus or 
the opening of a strait. If the Mediterranean were con- 
nected through the Bed Sea with the Indian Ocean, 
would not the deposits in each of them be reciprocally 
influonml ? Such internal movements as might occasion 
this appear trifling when compared to the disturbances 
which we Know to have been many times effected within 
the range ot geological chronology. 

Success! rr Races of Marine Animals . 

If, in consequence of internal movements, a given 
basin was opened to the reception of currents and sedi- 
ment from a new quatter of the Ocean, it could scarcely 
happen otherwise than that a change should arise in 
the inhabitants of that basin, by the extinction of some, 
and the introdiictininof other species. If we except the 
earliest scries of fossiliferous deposits, there is nothing 
in Geology to indicate that the distribution of species 
over the Globe was regulated by different laws from 
those which now prevail ; the superficial temperature of 
tlie Globe was perhaps more equable, and for this reason 
organic forms might lie more extensively distributed, 
there might be less local distinction than at present, but 
yet each species hud its definite boundaries, and dif- 
ferent regions were characterised by peculiar races. 

Upon the establishment of a communication from one 
such region to another, there must necessarily be a 
tranference of orgunic life, at least in one direction, ac- 
cording to the locomotive habits of the creatures, and 
the influence of currents upon them and their ova, and 
other circumstances. 

It was with this in view that the passage (p. 553.) relating 
to the succession of races, corresponding to successive 
deposits, on a given part of the Ocean beds, was written. 

How remarkable is the coincidence of great convul- 
sions, decided changes of mineral aggregations, and 
substitution of new organic remains, needs only to be 
mentioned ; for these throe orders of elfects are all 
combined in modern Geology to characterise the groups 
or systems of stratified rocks. 

Fresh-water and Marine Alternations . 

Few geological phenomena declare more plainly their 
dependence upon ancient convulsions than the alterna- 
tions in a given basin of strata, of fresh-water and ma- 
rine deposits. Not that in every case where we see 
fluviatile or even lacustrine shells alternating with mu- 
rine exuvite, wc must suppose the levels of land and 
sea to have been changed, because at the mouths of 
some rivers this might happen from the bursting of a 
lake, a violent inundation, or even the natural course of 
things ; but when, us in the coal field of Yorkshire, over 


the marine deposits lies a great mass of matter derived 
from the land, and in this a particular layer of marine 
exuviae ; when, as in the Weald of Sussex, we observe 
above the marine deposits of the oolites a great thick- 
ness of fluviatile deposits covered by marine green sands ; 
or, as in the Isle of Wight and the basin of Paris, see 
really lacustrine marls and limestonos interposed among 
really marine strata; the conclusion seems inevitable 
that these arc effects of changes in the relative level of 
hind and sea. It would, however, be too much to as- 
sort in every case that the internal movements were 
centred near the places where we witness some of the 
effects ; on the contrary, we may perhaps probably often 
he merely looking upon the consequences of convulsions 
which happened at great distances of space, and which 
produced near their centres of action wholly different 
phenomena. This mode of interpretation applies very 
well to those instances in which repeated alternations 
of marine and fresh-water productions occur without any 
indications of corresponding local disturbance. (See 
p. 591.) As ail example, we may cite the marine la- 
custrine formation of the Isle of Wight, (p. 674.) 
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One very obvious effect of convulsive movements, Anplicmon 
whether sudden or gradual, must always be a more ra- lo Jl Cl » se 
pid rate of waste, both in the land and along the coasts, ^ 

than usual. It will, no doubt, be possible hereafter to ^ 
draw from the varying rate of sedimentary aggregation 
in a given basin, some important evidence concerning the 
amount and duration of ihe internal movements which 
caused a more than ordinary accumulation of materials 
in the sea. 

By combining with this the results of an inquiry into 
the local site of the convulsion, us inferred from the di- 
rection of 'new sediments , we may eventually be able to 
point out, with more or less probability, the original sites 
of these materials, and thus show how in ancient periods 
the wasting of one given tract of elevated rocks, has 
contributed materials for the accumulation of new depo- 
sits in the sea. 

So long as, in the prosecution of this research, we 
confine ourselves to the methods of the inductixc philo- 
sophy, our progress will be real though slow ; new cir- 
cumstances ydll arise to quicken the process and solidify 
the results, and light will gradually break in upon the 
yet obscure problem of the physical geography of early 
geological periods. i. 

Mr. Lycll’s persevering investigations into the his- 
tory of the tertiary strata have produced a very remark- 
able attempt to determine the local origin of the mate- 
rials of the English tertiaries, and the local scat of the 
corresponding subterranean disturbances, 

The geogruphicul relation of the anticlinal axis of 
Sussex and Hampshire to the tertiary deposits on either 
slope, has long fixed the attention of Geologists: it 
was proved by Dr. Buckland, that the tertiary basins of 
Hampshire and London were once, at least, partially 
connected ; it was known that the first deposits above 
the chalk were such as to indicate prolonged action of 
agitated waters, that the subterranean surface of the 
chalk was uneven, and that among the tertiary deposits 
were abundance of pebbles apparently derived from wa- 
ter-rolled chalk flints. 

Mr. Lyell supposes that “ the chalk of the South-East 
of England, together with many subjacent rocks, may 
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Geology, have remained undisturbed till after the commencement 
Ch. IV. G f jhe tertiary period. When nt length the chalk was 
upheaved and exposed to the action of the waves and 
currents, it was rent and shattered, so that the subjacent 
secondary strata were exposed at the same time to de- 
nudation. The waste of these rocks, composed chiefly 
of sundstone and clay, supplied materials for the tertiary 
sauds and clays, while the chalk was the source of the 
flinty shingle, and of the calcareous matter which we 
find intermixed with tfic London clay. The tracts now 
separating the basins of London and Hampshire were 
those which were first elevated, and which contributed 
by their gradual decay to the production of the newer 
strata. These last were accumulated in deep submarine 
hollows, formed probably by the subsidence of certain 
parts of the chalk, which sank while the adjoining tracts 
were rising.” ( Principles of Geology, vol. iii.) 

Without following the range of ingenious arguments 
employed by Mr. Lyell in fortifying his hypothesis, we 
shall notice the facts which seem most clear in their 
evidence, and which can be interpreted without theoreti- 
cal assumptions. 

t imim- J ' It is certain that the Wealdcn Country, with some 
stances fa- ol her traets in the South ol England, has been uplifted 
vourublc to by subterranean movements, independent of that gene- 
Mr Lj oil’s ral rise of the whole of the Eastern part of the Island 
vuv,v * before adverted to. (p. 788.) Whether this was ac- 
complished by one or many successive movements can- 
not be decided by direct evidence ; it would appear, 
however, that the convulsion was not ended till after 
the deposition of the whole nuuine tertiary series. 

2. It is undoubted that the upper secondary strata 
disclosed in the Weald once extended much fuither to- 
wards the central axis, and have been exposed to enor- 
mous waste and denudation. There is nothing to 
negative the opinion adopted by many Geologists, that 
the whole of the area inclosed between the North and 
South Downs was once completely covered over by the 
chalk and the subjacent green sand system ; but this 
admission is not really necessary to the hypothesis. 

3. The tertiary basins on the Northern and Southern 
sides of the axis of elevation ol the Weald, contain nearly 
the same kinds of sedimentary deposits in the same order 
of succession, so that both of them must certainly have 
been influenced by the mechanical agency of water, 
flowing under nearly the same conditions, frfirn the same 
physical region, or from regions consisting of the same 
materials equally exposed to aqueous erosion. 

4. 'llie materials of the tertiary strata, in the basins 
of London and Hampshire, are analogous to those which 
have been removed by denudation of the Weald ; since 
they consist of various coloured sands, which may he 
imagined to he derived from the green sands and 
Hastings sands, and of olays which may be supposed to 
have been furnished by the Gault and Weald clays, and 
contain pebbles which are allowed to be rolled chalk 
Hints. 

If we could venture to add to these statements, that 
the order of succession among the strata of the tertiary 
series was exactly that of the successive emergence of 
the chalk, green sands, Weald clays, and Hastings sands, 
the hypothesis would stand on much firmer basis than is 
afforded by the above favourable circumstances. After 
an impartial consideration of the case, we have not been 
able to trace such a clear dependence of the successive 
members of the teitiary series upon the nature of the 
secondary strata successively wasted, as is implied in the 
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hypothesis, that the gradual waiting of the Weald has Geology, 
film b bed the materials for the gradual filling up of the 
basins of London and Hampshire. 

Chalk, the secondary stratum liable to b e first wasted, 
and consequently to yield the materials of the lowest 
tertiarics, has furnished only a mass of flints interspersed 
among the variegated sands and clays, (with very little 
calcareous matter,) such as might claim origin from 
those strata of the Weald which were the last to undergo 
the influence of littoral agitation. The lower group of 
the Weald should have left a predominant mass of sauds 
above the cither deposits in the tertiary basins. 

It may be replied, in favour of the hypothesis, that the 
fine particles of chalk mi^ht remain suspended, or be 
entirely dissolved in the water, until the period of the 
formation of the London clay, which is partly calcareous ; 
that the coloured sands associated with flint pebbles were 
derived from the given and iron sand groups; and that 
the uppermost deposit of the tertiary groups may have 
consisted of .sand which lias since been removed. 

Perhaps the most formidable of this class of objections iViiu-ip.il 
is the fatal and absolute deficiency of any of the organic objection to 
remains of the Wealdcu rocks (except in rolled chalk**' 
flints) in any of the tertiary deposits in question. This 
applies especially to the tumultuous deposits of sand and 
shells which lie above the chalk ; for here surely some 
of the n ii merous organic fossils of the green sand system, 
or some tew fragments of the rocks, of the Hustings 
sands, with plants, shells, or bones, should have been 
found. 

Some recognisable specimens of the shelly marbles of 
the Weald r’ny ought, in some one locality or other, to 
have been discovered in the argillaceous beds which 
form a predominant feature in the lei (ini y basins. If it 
be remembered, that we are here speaking of very con- 
tiguous districts; that, the distant e which the materials 
can be supposed to have been removed is only a small 
number of miles; and that it is matter of common ob- 
servation, that by some currents or other, whether dilu- 
vial or alluvial, of transient or prolonged duration, vast 
quantities of organic remains, separate, or imbedded in 
recognisable masses of sandstone, limestone, shale, and 
ironstone, have been drifted fifty or one hundred miles; it 
must be allowed that the total absence, from the tertiary 
strata, in all situations yet examined, of any fragments 
of the Weulden rocks or fossils, is a very serious difficulty 
to the reception of an hypothesis which derives the one 
from the other. 

General View of Hie. Slate and Prospects of Geology. 

A review of the preceding pages offers abundant proof 
that Geology has escaped from that critical stage through 
which all Sciences, founded on observation, must pass — 
the stage of speculation and dogmatism. If it has not 
yet arrived at the dignity which is conferred upon Induc- 
tive Science, by the establishment of very general laws, 
binding together a mass of dependent phenomena, it is 
enriched with many valuable generalizations, provided 
with powerful means of further investigation, uud guided by 
distinct landmarks over a wide field of original discovery. 

Geology is dissociuted from Cosmogony, and we arc no 
longer made to perplex our minds with “ thoughts beyond 
the limits of our frame,” no longer required to accept an 
explanation of ir turul phenomena, founded on a viola- 
tion of the laws of Nature. Leaving the impossible pro- 
blem of the creation and first disposal of the matter of 
b l 
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the Earth to (hose who may think there are means of 
solving; it, but ascending; beyond the short annals of 
the human race to the contemplation of the earlier 
epochs of the World, Geologists endeavour to discover 
the series of revolutions which have affected the Earth, 
by deciphering the monuments which they have succes- 
sively left. 

Men may be as soon reclaimed from barbarism, and 
raised to the summit of civilized excellence, as philoso- 
phers induced to abandon the sweet paintings of theory 
(bribe hard outlines of fact; and though in the success- 
ful career pointed out and followed by the Geological 
Society of London, the principle of fact before theory 
has been generally acted uppn, it is difficult to repress 
the impatience which would rather mingle truth and 
fiction in a bold conjecture, than patiently separate the 
gold from the dross by the regular process of analysis. 
The opinion lias been expressed by high authority, and 
seems to be gaining ground, that the time is arrived for 
the intervention of theory, to arrange the vast mass of 
facts which at present constitutes positive Geology, and 
to indicate the lines of further progress toward higher 
points of knowledge, ft is, however, to be supposed, 
that few will obey this premature call for theory, who 
are aware of the many unfinished inquiries and vague 
generalizations which must be settled before even a pru- 
dent speculator would venture to commit himself to the 
tribunal of Inductive Philosophy. 

We have now assembled many data for a theory ; but 
in the very labour of collecting them, men have gradually 
acquired what is more valuable, a habit of limited gene- 
ralization, and of continual appeal to the progress of 
collateral evidence in untblding the laws which govern 
material nature, which at once restrains the presumption 
of the writer and the credulity of the reader. Under 
these circumstances the progress of the Science is not 
doubtful, and all that can be reasonably attempted to- 
ward the foundation of a theory of the Earth, is a review 
of the bearing of the facts already ascertained, on some 
of the leading problems involved in geological specula- 
tions : we shall thus learn what knowledge we have 
gained ; what inferences it will support ; how that may 
be augmented, and these corrected. 

Laps t of Time. Geological Chronology . 

All the thoughts of men are so inseparably associated 
with the idea of succession, that the knowledge of any 
physical fact is never satisfactory unless the time of its 
occurrence be given. The historical period of an occur- 


upon, except in the particular case of the diluvial and 
alluvial deposits. Those who admit the identity of the *, 

diluvial currents of Geologists and the Noachian flood, 
and suppose, with Cuvier and De Luc, that this was “the 
last great revolution affecting our Globe/’ may be ex- 
pected to feel some anxiety as to the number of years 
which, on natural, that is to say, geological evidence, 
can be reasonably supposed to have elapsed since that 
event. In such inquiries the growth of the deltas of the 
Nile, the Po, and other rivers, the movement of the 
sands of Libya, the excavation of river-courses, may all 
be employed according to the views of the writer. 

Always it is to be remembered, these calculations admit Superficial 
as a principle the uniformity of natural superficial agen- d «P°»hs. 
cics since the diluvial period, and that period is geolo- 
gically defined with more or less certainty ; from such 
data consistent results seem attainable. There are, how- 
ever, difficulties in estimating the amount of mechanical 
effect performed, not easily overcome. In the case of a 
delta, the materials may have fallen into water of un- 
equal or unknown depth, und have been exposed to 
waste by currents of variable force ; the movement of 
sands must be yet more capricious ; the time employed 
in the recession of the falls of the Niagara from Lake 
Ontario to Lake Erie, has been estimated by Mr. 

Lyell at 10,000 years, by Mr. Fairholme at 5000 ; 
five or six thousand years is the vague conjecture, rather 
than conclusion, of Cuvier, of the time elapsed since the 
“ last grand catastrophe and in general it must be owned 
that tiie methods of arriving at these conclusions have 
very little of accuracy to recommend them. 

Those Geologists who admit the excavation of valleys 
by a force of water greater than what now passes down 
them, may take the date of the. denudution of these as 
an eru, and compute the time elapsed in the subsequent 
excavation of the river bed, in the partial or complete 
filling up with sediment of lakes along its course, and in 
the retrocession of waterfalls along the main or branch 
streams. Few persons, however, who value an arithme- 
tical result for its precision, will proceed to the calcula- 
tion without more information of the rate of these opera- 
tions than is at present attained. 

The fossil elephant, and other animals whose remains 
lie buried in gravel and other deposits called diluvial, 
belonged to a system of organic life, which, for some 
limited period prior to and during the era of those depo- 
sits, was established over a large part of the surface of the 
Northern hemisphere. This is termed by many Geologists 
the autcdiluvial period ; some intending by this, nothing 
more than to mark its relation to the era of the 44 dilu- 


rence is determined by reference to other events, whose 
place in the series of recorded human actions, or natural 
processes, is known. The chronology or fixing of the 
year in which any event took place is an admirable con- 
trivance, the fruit of enlarged »Scicncc, which has found 
the means of referring all historical events to an inde- 
pendent and permanent natural scale, the movements in 
the Solar system. No person proceeds many steps in 
Geology, without feeling the want of some historical 


vial” currents, thus adopting the term from comparison 
with Scripture History. This is, properly, a terrestrial 
period, and we have shown the difficulty of defining its 
limits towards the tertiary period, which is, properly, a 
marine period, (p. 671.) The lacustrine tertiaries here 
become almost our only safe guides, and they teach us 
that during the tertiary period an earlier group of ex- 
tinct animals, the palceotheria and their congeners, inha- 
bited the same tracts of the Globe, as those which after- 


scale of successive phenomena, in which to interpolate wards nourished the mammoth and mastodon. We 
new terms of the series ; and though this want is to a arc absolutely without any means of estimating in years 
certain degree generally, and for particular regions of the length of the interval between the era of the palsotheria 
the Globe perfectly, supplied by tables of the superposi- buried in the Paris basin, and that of the elephauts which 
tion of strata, we still find ourselves impelled to attempt are entombed in gravel deposits. The small extant of 
the reduction of this historical scries to the independent alluvial and lacustrine deposits of this period may perhaps 
scale of chronology. justify a conjecture that it was of short duration, as 

This difficult problem has never been fuirly entered compared to the postdiluvial period; but this view must 
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not be adopted by those who attribute to the diluvial 
currents the excavations of valleys and other extensive 
alterations of the surface ; because such a deluge would 
sweep away most of the traces of antediluvian lakes. 

If the difficulties experienced in attempting to chro- 
nologize the terrestrial phenomena of the later geological 
pericids have been sufficient to deter nearly all prudent 
and exact writers from venturing to give more than an 
illustration of the kind of reasoning to be employed, it is 
no wonder that for the long series of successive marine 
strata the attempt has been almost absolutely abandoned. 
It is doubtful whether we ever shall arrive at more than 
plausible inferences concerning the time elapsed in the 
production of the stratified rocks; yet as the consider- 
ation of this subject can be prosecuted in a strictly phi- 
losophical spirit, by the help of several satisfactory ana- 
logies, and as at all events the historical succession of 
the phenomena is either perfectly known or capable of 
becoming so, it appears an equally useful inquiry as that 
relating to the subsequent terrestrial periods. 

To determine the length of years required for the 
deposition of all the stratified rocks under the circum- 
stances in which they are observed, requires a knowledge 
of the number of repetitions of similar phenomena, and 
of the rate of their occurrence. In the Geology of stra- 
tified rocks several independent series of phenomena 
occur, each of which may be subjected to this examina- 
tion. Of these we may notice 

1. The mechanical deposition of sands, clays, conglo- 

merates, Ac. 

2. The chemical deposition of limestones. 

3. The periodical alternations of the laminae or strata 

of clay, sand, limestone, &c. 

4. The growth and decay of organic beings then living 

in the sea. # 

5. The successions of races of organic beings in the 

same parts of the Ocean. 

6. The succession of convulsions. 

7. The alternation of marine and fresh-water produc- 

tions. 

8. The alternation of marine and igneous products. 

9. The metamorphism of rocks, fossils, &c. 

1. Mechanical deposits of sand, clay, &c.»take place 
only in consequence of degradation or waste of some 
region of the Globe, followed by a removal of the mate- 
rials to tome place of comparative tranquillity. Inter- 
mitting actions of this kind usually produce laminated 
deposits, and if the materials be of different kinds 
these may alternate in the sediment. In some valleys, 
every inundation leaves a thin layer of sediment ; the 
number of inundations nyght thus be counted since any 
given date, and the number of years nearly ascertained. 
Analogous effects happen along those coasts where the 
tides deposit sediment; we see the same effects in 
many of the sandstone and clay strata which were accu- 
mulated in estuarieB. 

Some of the flagstones of the coal measures are com- 
posed of frequent alternations of rolled grains of felspar, 
quartz, and mica, which may estimated to occupy 
not more than one-twentieth of an inch in thick- 
ness. Taking the thickness of the rock at 40 feet, we 
shall have 9600 layers, each of which marks an inter - 
rupted action. Let this be supposed to be the tide, 
allow that every tide deposited one layer, equal to about 
700 per annum ; this will occupy 13J years. As far as we 


con ascertain, the other sandstones of the coal tract were Geology, 
accumulated in the same manner, though only u few of Ch. IV. 
them are micaceous enough to show this minute lamina- v y 
lion. The thickness of the Yorkshire coal measures is 
about 3000 feet, half of this may be considered as sand- 
stone equal to 1500 feet, which, according to the above 
calculation, might be deposited in about 500 years. If we 
suppose the accumulation of the alternating clays to have 
been at the same rate, (there is good reason to admit 
this,) the whole period occupied in the deposition of the 
coal measures would be 1000 years. 

It is perhaps unnecessary to say, that the assump- Mechanical 
tion of each lamina marking the action of one tide is per- tk-iWis. 
fectly gratuitous, and has been adopted merely to give, 
a specimen of the mode of calculation which must be. 
employed if we wish to state the probuble extent in years 
of a given geological period. Conglomerate rocks pre- 
sent a most convincing proof of the considerable periods 
which sometimes intervened between the deposition of 
two stratified rocks in contact and immediately suc- 
ceeding one another. These rocks of turbulent origin 
are locally distributed, so us to be in some parts enor- 
mously thick, and in other places almost or entirely defi- 
cient. The old red sandstone conglomerate, for example, 
usually separates by a great thick ness the greywacke slates 
from the superincumbent carboniferous limestone. In 
Herefordshire and Radnorshire, this series of red sand- 
stones and conglomerates is many thousand feet thick, 
but in the greater part of the Cumbrian mountain tract it 
is absent, and the limestone and slate are in contact. In 
this case, it would be a great error to suppose the de- 
position of the limestone to have been immediately con- 
sequent on that of the slate. In fact, that very district 
gives proof that a period of violent watery tumult inter- 
vened, during which the slate rocks were broken up and 
rolled to pebbles, and reconsolidatcd into a thick con- 
glomerate. The rate of this process can only be con- 
jectured, by comparison with the production of pebbles 
by the diurnal processes of tides, rivers, and local inun- 
datioiTs. When, as in the Iligi, wc find rolled masses of 
conglomerate containing rolled pebbles; in the old red 
conglomerate of Cumberland masses of the preconsoli- 
dated slate ; in the new red conglomerate of Westmore- 
land fragments of the mountain limestone with organic 
remains which have undergone their vsual chemical 
conversion ; enough is known to prove, to a mind not 
wholly blinded by false views of Science, that the monu- 
ments left for Geology to decipher carry back the His- 
tory of the Earth to periods when man and his works 
existed only in the long foreknowledge of his Maker. 

2. Chemical deposits of limestone. — It is difficult to Chemical 
fix upon any method of estimating in years the time re- di'inmits. 
quired for the deposition of a given mass of limestone. 

It is useless to refer to instances of the production of 
limestone from springs, in fresh-water lakes, in estuaries 
or coral reefs, unless the circumstances under which the 
older calcareous deposits were m.ide are similar, a case 
seldom to be proved. The following process, founded on 
the statements in p. 551, appears the least objectionable. 

It is certain that while the sandslones, shales, coals, 
and thin oolitic limestones of the North York moors 
were deposited upon the lias, a deposit almost wholly 
calcareous wus occasioned near Rath. The whole time 
consumed was the same in each locality ; we may there- 
fore perhaps infer the comparative rate of deposition of 
the oolite and the sandstones. The total thick ness of the 
mass in Yorkshire is about 750 feet, of which about 20 
5 i 2 
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may be called limcslone ; of that near Ball* ISO of which 
nearly half is sand and day with calcareous matter inter- 
spersed. lienee we have the proportion of thiec feet of 
sandstone deposited in the same time as one n! limestone. 

Another instance is afforded by comparing the sec- 
tions of the lower carboniferous limestone, in Derby- 
shire and in Tynedale. In the former tract we may 
take 750 feet as the thickness of limestone, with no ad- 


mixture of sands or clays; in the latter, the contempo- 
raneous strata arc at least 1750 leet thick, and contain 


307 feet of limestone, and 1283 feet of satuls and clays, 
&c. ; consequently, 383 oflitnestone correspond in time 
to 12h3 of sands, clays, and coal, or 1 to 3.3. 

3. Alternation of chemical and sedimentary deposits. — 
There is undoubtedly a periodicity in these alternations, 
but we are not >et in a state to draw any inferences, as 
to the cause of the recurrences, much less as to the 


have been swept down to their present situations by land Geology, 
floods, the result as to our present argument is the same ; Ch* Hf. 
the accumulation of transported sediment must have 
been so rapid as to prevent the decomposition of the 
coitical portions of the plants, the wearing away of the 
superficial structure, or the bending of the stem beneath 
currents of water. No one doubts that the bed of 
stone three feet thick, w hich encloses equisetum colum- 
nare at High Whitby, was laid by a single inundation; 
we will suppose it an annual occurrence ; the other 
sandstones and shales of this series must have the 
same rate of origin ascribed to them ; this would give 
for the formation of the oolitic sandstones and shales in 
the North York moors a period of 150 years. About 
the same, or a slower rate of formation, may be sup- 
posed for the case of sigillaria in the c'ul sandstones 
of Yorkshire ; for these stems, when above two or three 


length of their periods. feet long and nearly vertical, pass through more one. 

Organic rc- 4. Imbedded organic remains. — fti viewing the shells sometimes four or ‘ive beds of stone. (Altot'ts near 
mums. distributed in rocks, we sometimes perceive, amongst a Wakefield.) 

huge collection of them from a given stratum, a com- 5. Successions of races of organic beings in the same Suca-s: 
plcte series of forms from the youngest to the full grown parts of the Ocean. — The succession of different races •* KUlb * 
shell; and this limy he a means of calculating the lapse organic beings in tile same parts cf the Ocean, is one 
of time during the t ccuinulation of a given thickness of of the leading facts which speak the most impressive, 
rock more exactly tln.ii by any other. A thickness of though not the most exact, language on the subject of 
calcareous shale, not exceeding one foot in the Yorkshire the long duration of geological periods. For, whether 
coal field, holds individuals of ammonites Listen of every we consider those eases in which the extinction of old 
magnitude between a pin’s head and ail orange ; it is not and the introduction of new species was gradual, or 
to be doubted that they lived where they are found; and others when the changes were sudden and complete, 
as not one example of this species is known ill any other nothing that w< know of the actual cun.iiitutio'i of Na- 
fitratum m the neighbourhood, it seems correct to admit lure will justify us i* 1 admitting that these revolutions in 
that, during the deposition of that small mass of shale, the animal world followed quickly one after anotner. 
so much time elapsed as to allow of the growth to full We are impelled to conclude that,, for the existence ot 
maturity of a long-lived cephnlopode. The only other any given race, consisting of thousands of individuals of 
supposition which can be entertained, is that they were many hundred species, imbedded in . nuy different 
introduced alive by a transient irruption of the sea into a kind* of rock, in distinguishable groups accouling to 
fresh- water basin, and there quickly entombed. their habits of life, \ long time must be allowed o. else 

It is to be regretted that the age of shells lias been the whole constitution of Nature was ii a of fb _cd 
very little inquired into among collectors. Both con- acceleration, so that ..e work of ages wa*’ mowd' d i.do 
chifera and mollusea are probably, in general, long-lived years. Whether we suppose that nov speck's were '■on- 
animals. temporancously created in all the situations where .hey 

The immense number of shells occasionally buried in lived and died, or distributed from one local origin over 
a rock is sometimes appealed to as a proof of the length the sea, or transported by currents from other oceanic 
of time consumed in its production; but this is a very centres of life, no one who considers Mie stability of the 
unsatisfactory urgumeut. Those who have witnessed actual system of watery life, will be easily persuaded 
the amazing increase of eye las rivicola in the canal near to believe that these prodigious changes were operuted 
Leeds, orof imioncsaudanodoutesin many sluggish rivers over a large part of the Globe in times that can be in- 
near the tideway, huve walked among the numerous eluded within such narrow limits us those of' human 
shells on the coast of Ayrshire, or the crowds of tellimi? experience. Yet who will venture to translate the vague 
thrown upon the Filey sands by a single tide, will not and almost poetical visions of long duration, which *he 
permit to Geologists the use of such a fallacious infer- contemplation of many repetitious of these loc-d revivals 
ence. This immense abundance of fossils is often a of Nature so powerfully awakens, into the language of 
local phenomenon in the rock, and one which, when chronology? It is evident that Hie day is not yet ar- 
bettcr understood, will aid materially our conceptions rived, or rather it is gone by, for dogmatizing about the 
of the agencies which were concerned in ils nccuiriu- antiquity of the crust of the Globe, 
lution. 6. The successions of convulsions in the same phy- 

The nearly vertical position of certain fossil plants, a sioal region may be very properly mentioned as a vague 
phenomenon by no means rare among sandstone rocks, indication of the lengths of geological periods'; but 
affords good ground for caution in assigning very great cannot ot present be employed in a more exact manlier 
extension cf years to geological periods. The steins of to determine their duration. 

equiseta in sandstone of the oolitic era, (page 625,) of 7. The alternation 'of marine and fresh-water pro- 
sigillaria in sandstone of the coal series, (page 596,) of ducts is another of those grand phenomena, which, 
dicotyledonous wood in limestone of the Isle of Pur- whether rightly or not, is sure to make a deep impres- 
bcck, seem to teach us in plain terms that the accumu- sion on the mind ; though the rarity of the case, and our 
latiou of these rocks was not of that slow and insensible ignorance of the principal efficient circumstances, must 
kind which is often attributed to them. Whether we wholly exclude it from arnoug the data for accurate cal- 
suppose them to be in their place of growth, or to culaiion of geological time. 
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Geology. S. The same may be said of* the alternation of uque ■ 
Ch. IV. cus ami igneous products. 

Q. The metamorphism of rocks, &v. t in consequence 
of the locul or general effect of heat, may possibly one 
clay be sufficiently understood to permit some attempt 
towards determining the intensity and rate of the com- 
munication of heat, and thus more or less directly bear 
upon the question of time. The chemical changes of 
organic remains are evidently less related to time than 
to other circumstances, such as, the original nature of the 
body, the sort of substance in which it is imbedded, 
and proximity to sources of tiiiueral impregnation, whe- 
ther by aqueous or igneous solution, or electrical transfer 
of solid ingredients. 

Successive Conditions of the Globe, 

The object of geological researches has been till 
latch \cr b;'V understood by those not directly con- 
wi", t«»c Mihjut; and even professed Geologists 
Jo ne‘ restrict their inquiries within just bounds. 

M is difficult tor a speculator to believe that Geology 
ir: y become a \ery important branch of natural Science, 
though u should wholly disclaim the investigation of 
-'roblems concerning the creation or concentration of 
Mu* matter <»f the Globe, or the establMiment of the 
inv\s of the universe. To know the successive changes 
wh eh die Globe has undergone, and thus to trace a 
rclr'ispe t«\e outline of its successive conditions, is 
actually atUinptcd by Gening) ; but the very processes 
emphn (1 in this enterprise me founded upon the re- 
(.("•niliou of the existing laws of Nature, and altogether 
exclude tli 1 prpulm notion of a chaos, and the philoso- 
phic d hypothesis .)f a solid Globe condensing from an 
at mu < 'p!ic*‘ic cxnanMoii. 

\ bidorbu illy the progress of legitimate Cacology teaches 
. i ■ that the '.a»ue laws of Nature have operated bn this 
lilouo n..drr \e:y d. lent circumstances, as to lempeia- 
* ui ulation *f laud and -ea, animal and vegetable file, 
and i iui.v oilier things ■ *id it i*- become a proper pro- 
blem for Geology t.> discover these circumstmices. In 
Itiis point of view, the reflections of Leibnitz, and the 
matin matkal lubouis of Laplace and the astronomers, 
become uf great value, since they help to fix conspi- 
■ (' 1 1 o 1 1 s landmarks for the guidance of the surveyors in 
this large field of Science; but let no one delude himself 
with the notion of discovering, by geological processes, 
the emerging of the harmoniously adjusted ter i aqueous 
Globe* from a former state of chaos. It is certainly not 
a philosophical, and surely cannot be thought a reli- 
gious iclioti, that man shall e/cr discover among the 
works of God, the traces of a period when his divine 
attributes were F*\st awakened to rescue his creation 
from anarchy. Geology takes for granted the existence 
and -oiled ion of 4 he matter of the Globe, with its super- 
nal am. Ocean, and its enveloping atmosphere. Except 
in the degree of influence which circumstances permit 
‘them to exert, it takes for granted the uniformity of 
action of all material causes. The investigation of 
miracles can never be admitted into nuturul Science. 

The dimensions of the Globe have remained constant 
since the days of Hipparchus; (born 160 n.c.) for 
Laplace has shown that the length of the day has not 
sensibly varied since that time, which must have hap- 
pened if the diameter hud perceptibly changed : if the 
Globe had contracted, the diurnal period would have 
been shortened, and vice versa . 

This is usually considered a very formidable argu- 


ment against the doctiine of internal heat, and its corol- 
lary, 'Secular refrigeration and contraction, to vvlikh 
theorists have very freely resorted, as the prolific source 
ot all subterranean movements, changes of supcM-ficiitl 
temperature, elevation of continents, volcanic eruptions, 
injection of igneous rocks, mineral veins, &c. Fou- 
rier’s researches, however, into the mathematical theory 
of heat, show that, under the conditions of sensible 
constancy of dimension, and variation of superficial 
temperature according to solar influence, we are at li- 
berty to suppose the existence of deep seated heat of any 
intensity, provided there be direct indications of corre- 
sponding augmentation of sensible temperature below 
a certain depth. Such indications, it is very generally 
allowed, are presented by the observations in mines ami 
collieries in Europe, Asia, and America. 

With regard to secular refrigeration, the experience Snular re- 
of two thousand years undoubtedly shows that its cl- bigoMtiun. 
fret in contracting the Earth’s diameter has been for 
that period insensible ; but, first, it must be observed, 
that the hypothesis supposes the effect of refrigeration 
to be a contraction of an internal nucleus, and a con- 
sequent separation between it and the solid crust, which 
continually increases until the crust is broken by a con- 
vulsive collapse ; secondly, it is sufficiently evident that, 
by the accumulation of nonconducting materials over 
a source of heat, the diminution of this heat, must b«- 


Geology. 
Ch. IV. 


come continually more and more slow, so as at last to 
he insensible even in very long .periods. If, then, it 
should appear that the leading phenomena of the uncient 
History of the Earth can be well explained by help of 
these suppositious, there is nothing in the mathematical 
theory to prevent their provisional adoption, on the basis, 
not uiifrequeiitly employed in Natural Philosophy, that 
they serve to explain many phenomena. 

It is by no means necessary to couple with the h)- Volonuic 
potlwsis of internal heat, the doctrine that volcanic uc- avhuii. 
t ion aiiscs from this cause only: the various chemical 
characteristics of volcanic action must he examined upon 
llieftr own evidence; and it does not appear that the. 
theory of volcanic operations, advocated in a former 
part of the Essay, is at all deprived of its applicability, 
or rendered superfluous, by admitting the existence of 
intense internal beat. On the contrary, under the in- 
fluence of a high temperature, the admission of oxygen 
and water would still produce upon the fluid metalloids 
and metals the effects usually ascribed to such a 
cause, and perhaps more easily than if they were solid, 
and the results would still be proportioned to the cir- 
cumstances of the locality . 

These remarks aie not introduced for the pui pose 
of advocating the hypothesis in question, hut to rescue 
tho: c who have adopted it, and hy it endeavoured to 
illuminate some of the darkest pages of Geology, from 
the imputation of invoking causes which chemical and 
mathematical researches concurred in disproving. 

The moderation which Geologists were so slow to Diq.i.uv- 


Iearu, has prevented them from reviving the ancient «‘' »t of th« 
speculation which ascribed the loading phenomena of Lirth aaxiM. 
Geology to an extensive shifting of the Eaith’s axis, 
and consequent displacement of the Ocean. To be con- 
sistent, we must suppose this mighty operation to have 
been many times repealed before the occurrence of the 
Deluge which it was invented to explain. IVrliups the 
probability that every part of the Globe equally requins 
this displacement of the axis, hut requires it in '///- 
fmnt directions at the same time, may be sufficient to 



798 


GEOLOGY. 


Geology. prevent its resuscitation. Tt is too much, however, to 
Ch. 1Y. treat it as an absurdity, merely upon the ground that 
the shells of equal density within the Globe have their 
axes, at the present moment, nearly coincident with 
those of the surface ; for Sir J. Herschel has expressed 
the opinion that the spheroidal figure of the Earth 
might he acquired during rotation though its parts were 
not fluid. 

But, as Mr. Grcenough has observed, “ lie the cause 
what it may, the fact is certain, that the temperature of the 
crust of the Earth was higher when the coal measures 
were deposited than now, and we have reason to think 
it was still higher at antecedent periods. That a con- 
siderable degree of heat still exists, either partially or 
generally, at no great distance from the surface, appears 
from thermal springs and volcanoes.” ( Geological So- 
ciety's Proceedings, 1834.) 

Origin of accordance with this view is the common opinion, 

terrestrial that geological inquiries have discovered traces of a 
organic life, period in the History of the Globe, when neither animal 
nor vegetable life was established upon it. This opi- 
nion, ably expressed by Dr. Buckland in his VindicitB 
Geologic#, is chiefly supported by the facts observed in 
studying tlie primary and transition strata. The view 
o! the subject which is most consonant to the course of 
inferences adopted in this Treatise, has been already 
sufficiently expressed in the review of the primary strata, 
(p. 570,571.) 

Whatever may be truth on this point, it in certain 
that the successive systems of organic life, both terres- 
trial and aquatic, animal and vegetable, show the same 
general principles and relations as that to which we 
belong. Geology has disclosed various and remarkable 
animals, not paralleled in existing nature, and plants of 
singular forms, but nothing which deviates from those 
general laws of structure and function which govern the 
actual organic creation. The plants and animals of dif- 
ferent geological periods do not differ more from one 
another, than those in opposite climates, or even distant 
localities at present. There is even to be observed 
among the several successive systems of organic remains 
some real analogy to existing local Faunas and Floras : 
the oolitic fossils have, perhaps, a greater resemblance, for 
instance, to the living productions of Australia and the 
Indian Islands, than to those of any other situation ; 
while the plants and uniones of the Northern English 
coal tracts remind us of the physical characters of the 
American continent rivers and islands. 

Periods of There is, perhaps, no point of theoretical Geology 
convulsion more certainly established than that, in any given small 
and repose, area of the surface of the (J lobe, long periods of or- 
dinary action of natural causes have been several times 
interrupted by epochs of extraordinary disturbance ; that 
the relation of the level of sea and land has remained for 
along time the same, or very gradually chunged, and after- 
wards been altered by internal convulsions. It is also ad- 
mitted that this law has an extensive though then less exact 
application ; that the periods of ordinary and crises of ex- 
traordinary action were respectively contemporaneous over 
very large regions of the Globe, and even with respect to 
some of jthe cases admit of general application. It ap- 
pears, also, that the nature of the strata deposited differs 
more or less according to the several successive periods, 
and tluit the races of organic remains, in several impor- 
tant cases, are subject to contemporaneous crises. On 
this evidence, joined to some theoretical considerations, 
i** founded the modern admission of the doctrine of 


alternating periods of convulsion and repose ; a doctrine Geology, 
which was held by ancient Philosophers, revived by Ch. 1Y^ 
Leibnitz and Hutton, and illustrated by Cuvier and De -^t -1 j 
B eaumont. Perhaps this view ol the subject was never 
more clearly expressed than by Leibnitz, whose just 
sense of the philosophy of Geology has been lately 
placed in a strong light by Mr. Conybeare. His view 
is, that the powerful agencies exerted in displacing and 
altering the solid crust which gradually thickened over 
the ignited nucleus, have many times renewed the face 
of the young Globe by the eruption of concreted igneous 
rocks from below, and the deposition of stratified rocks 
by water above ; and that the Globe was, by these pro- 
cesses, more and more diversified with mountains and 
valleys, and subjected to various physical conditions ; 
donee, quiesccntibus causis , atque requilibralis, consistent 
tior emergent rerum status . 

Mr. Lyell’s pictures of the successive conditions of Uniformity 
the Globe are all drawn to one scale, from the unvary- of natural 
ing standard of its present state; his hypothesis admits agencies, 
local alternations of ordinary and critical action, but 
denies any thing like a general paroxysmal effort of na- 
tural agents ; nor is there, between the ordinary and 
critical stages of his processes, any conspicuous dif- 
ference. The principle of his system is, that the dis. 
turbing internal forces exert themselves in irregular suc- 
cession beneath all the points of the surface of the Gobc ; 
and that the ordinary chemical and mechanical agen- 
cies of Nature are thus modified in their intensity, and 
diversified in their effects, and applied to produce an 
endless series of destructions and renovations, which, 
upon the whole, compensate one another continually. 

In this system, the postulate required is unlimited 
duration ; in the other, a varying momentum of na- 
tural agencies according to difference of condition : the 
one is system of continual, the other of intermittent 
compensation. Nature offers to our view examples of 
both fhesc cases, and on a large scale ; it is therefore 
very unwise to assume one or the other on account of 
our notion of its greater probability; we must see which 
of the systems finds support from the facts of the case. 

It has been already seen that our proofs of the periods of 
time elapsed are neither clear, satisfactory, nor complete ; 
much of the evidence on this subject is in unknown 
terms ; but estimates derived from probable views of the 
mechanical composition and organic contents of the 
strata, do not appear to warrant the postulate of un- 
limited duration. (See p. 795, 796.) 

Ori the contrary, be the duration of geological pe- 
riods what they may, it is cleur that the Earth has suc- 
cessively undergone great physical changes ; terrestrial 
agencies must therefore have operated upon it with a 
corresponding variation of effect ; one of these changes 
of condition, that of superficial temperature, is not ex- 
plicable by any of the khown periodical inequalities of 
the Solar system, but seems in harmony with the ge- 
neral theory of internal heat, gradually becoming less . 
and less sensible as the external crust thickened, and 
the surface of the Globe approached to a state of equi- 
librium. 

Successive Conditions of the Materials of the Crust of 
the Globe. 

The question of the origin or firet condition of the 
elementary ingredients of earthy and metallic sub- 
stances, if capable of solution, must he referred to another 
Science ; but inquiries into the successive conditions of 



C E 0 L O G V. 


<99 


Geology- the mineral substances which appear in the crust of the 
Ch. IV. Globe, is one which, in some shape or other, must be 
often proposed to a Geologist. It is difficult to stop at 
the recognition of the igneous origin of some rocks, the 
aqueous production of others ; we cannot avoid examin- 
ing, whether any evidence can he found for determining 
a prior condition of the substances contained in these 
rocks. Facts of great importance here come before ns ; 
we see examples of new rocks produced by heat from 
aqueous deposits, and sedimentary aggregates of the dis- 
integrated ingredients of volcanic and plutonic masses. 
The deposition of limestone offers very remarkable vari- 
ations, and it is impossible to consider the composition 
of the minerals in crystallized rocks, without feeling 
that the resources of Chemistry are or may become ca- 
pable of advancing us one more step in the analysis of the 
series of conditions through which the solid ingredients 
of the Globe have passed. 

The time is not long gone by when Werner, who, with 
far less moderation than l)r. Hutton, wished to begin 
at the beginning, could find thousands of followers in 
the startling dogma, that all the rocks observed near 
the surface of the Karth, were deposited from one chaotic 
fluid, which first permitted the crystallization of granitic 
and other rocks, and afterwards produced the secondary 
sandstones, shales, and limestones. It is possible that 
even yet there may he persons who cun believe that 
these secondary sandstones were produced by a che- 
mical decomposition of the ancient Ocean; which, to an- 
swer all the unreasonable demands upon its powers, 
must have been endowed with more than the creative 
energy of a ilrahmk, and capable of surmounting every 
chemical and mechanical impossibility — of crystallizing 
into sand, condensing into limestone, and subliming into 
metal ! 

Leibnitz, and a large portion of modern Geologists, 
also attempt to fix something like a beginning to their 
system, a point of geological time when l he change from 
a fluid to a solidified surface permitted the develope- 
ment of that series of intermitting igneous and aqueous 
actions, which has brought the Globe by many revolu- 
tions to its present state of comparative repose. The fol- 
lowers of Dr. Hutton see no such commencement to 
their series of terraqueous effects ; they find no physical 
traces of a beginning, nor any change of operation 
which should give the prospect of an omf of this series 
of effects proportioned to the time elapsed. Vet, as one 
hypothesis admits locally, periodically, and repeatedly, 
what the other supposes to have happened generally and 
in one succession, there is no necessary disagreement 
in the interpretation of particular eases. This is not 
always remembered by those who engage in the contro- 
versy concerning the uniformity of natural effects. 
Successive If we trace back the history of the materials of the 
conditions of sedimentary sands and clays flow in process ol forma- 
certain sub- t, (m tf le m0 uths of rivers, along the sea-coasts, and 
stances. # in other situations, we shall find that these materials are 
often derived from ancient superficial deposits left by 
Ipcal or extensive floods; examination proves that the 
materials of these deposits were often obtained by the 
violent breaking up and attrition of far more ancient 
previously solidified strata ; in several instances it is 
manifest that these are nothing else than the oceanic 
accumulations dcri\cd from disintegrated primary strata, 
or of disintegrated pyrogenous rocks. 

As an example, wc shall quote a well-ascertained se- 
ries of facts, which leave no doubt of the many changes 


of condition through which the granular ingredients of Geology, 
modern scdimcntnrv deposits have passed. 1. The Ouse, 

Trent, and other great rivers connected with the Hum- 
ber, are so filled with the finer parts of the sediments 
which fall into the sea along the wasting cliffs of Ifol- 
derness, that their floral -waters, when introduced to the 
lower ground along their banks, deposit a great thick- 
ness of valuable soil. The sandy and coarser ports of 
the sediment are collected in various irregular positions 
in the llumber and along the coast, and the pebbles re- 
main on the beach, or follow its descent for a small 
distance into the sea. 2. The diluvial cliffs, which by 
their destruction afford this rich supply of fertile warp 
and sterile sand, contain fragments ol all the rocks in 
North-Western Yorkshire, that is to say, basalt, lime- 
stone of many kinds, cherts, sandstones, fine-grained 
and coarse-grained millstone grit, shales, itouslones, and 
coal ; fragments of granite, hyperstheno rock, and grey- 
wacke slates from Cumbria; all imbedded in avast 
thickness of sands and elnjs composed of the same com- 
minuted materials. 3. The millstone grit, fragments 
of which occur in this diluvial mass, is a compound of 
felspar, quartz, and mica, with occasional admixtures of 
other substances. These minerals are easily recognised 
as rolled rind v'ata'-u'oi n masses, dcriveil from porphy- 
ritie granite, gneiss, and other such rocks. The felspar 
is always perfectly crystallized within, but the external 
surface is water-worn; the mica has lost its angles ; and 
the quartz fragments are only in the state of large 
grained sand. Plainer proof of mechanical aggregation of 
ingredients which once composed a crystalline lelspathic 
rock, cannot be desired ; many such instances are known, 
and the inference is generally allowed. 

As far as the results of a careful examination of or- Extension 
dinary sandstones can be trusted, there is no reason to this in- 
refuse to them, as n general rule, the same kind of origin creucu 
as to coarse millstone grit. Most of them have the 
same ingredients, though it frequently happens that the 
felspar is in a state of decomposition. Shales and clays 
arq to sandstones what the fine warp in the water of the 
Humber is to the sands in its channel; we may then 
venture, in a moderate spirit of generalization, to 
assume, that sedimentary sandstones and shales have 
originated in the mechanical action of water upon the 
disintegrated grunular ingredients of pyrogenous rocks. 

Any one who has sufficiently observed the varieties 
of sandstones and shales on the one hand, and of stra- 
tified primary rocks on the other, and considered the 
nature and amount of the changes produced upon them 
respectively by heat ; or properly weighed the observa- 
tions and reasonings of Macculluch ; will have no diffi- 
culty in admitting the views as to the origin of the 
latter class of strata advocated in former parts of this 
Kssay. Wc ure therefore conducted, apparently by a 
legitimate process of induction, to the conclusion that 
all the stratified rocks, limestone and some particular 
strata excepted, are derived primarily from the decom- 
posing agencies of Nature operating upon pyrqgenous 
rocks ; and we thus find a natural limit to the series of 
conditions through which these materials have passed. 

This conclusion, though perhaps less distinctly stated, id 
essentially recognised in modern geological systems 
and is felt to he substantially true, though it still leaves 
inuny things to be explained. 

An inquiry as to the origin of the vast masses of 
stratified limestone, is a subject of considerable diffi- 
culty. In a great majority of instances the limestono 
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formed at the present day is the result of chemical forces, 
and t,h'* same was prohahlv the case in earlier periods. 
Jn particular instances, calcareous deposits have par- 
tially or wholly a mechanical origin ; as when a stream 
brings down the waste of a chalky or oolitic district, 
and deposits the sediment in a lake ; or when the cur- 
rents of the Ocean drift shells and other marine exuvim 
and lodge them in the midst of coral reefs. Observers 
of the growth of coral islands have detected several facts 
as to the intermixture of decomposed fragment ar \ and 
entire calcareous marine exuvia? with coral rock, which 
seem to reader not improbable the opinion of Geologists, 
that home of the older secondary and transition lime- 
stones are in places only magnificent coral reels. 

Perhaps nowhere has the mechanical origin of lime- 
stone been assumed to a greater extent than in the 
Iluttonian system of Geology; for it seems to he an 
essential pari of that system, that the stratified lime- 
stones are nothing else than triturated shells and other 
calcareous exuvite. By those who adopt this -. iew, 
chalk, the least compacted kind of limestone, is usually 
taken as an example. It is sometimes difficult to avoid 
imagining that the powdery magnesian limestone is a 
recomposed rock, derived from the ruins 'of magnesian 
beds of carboniferous limestone. Hut this cannot be a true 
account of the matter; for, 1. there ought to be far /e.yy 
magnesia in the compound. 2. This is in some instances 
an atomic combination of carbonate of magnesia and 
carbonutc of lime. 3. This limcdone is often really a 
granularly crystalline* rock, (like the older ningnesifemus 
beds of mountain limestone,) and seldom appears to justify 
the least suspicion of the mechanical agency of water. 

But nothing is more certain than that of all the sliata 
yet discovered, limestone is exactly that which, by the 
regularity and continuity of its beds, by the extreme 
perfection ol its organic contents, and by the absence of 
proofs of mechanical action, gives most completely the 
notion of a chemical precipitate. It uppears sufficiently 
probable, in several instances, that the quantity of lime- 
stone deposited in a given geological period was least 
towards the shores, and greatest towards the deep sea ; 
exactly the reverse of what happens with the mecha- 
nical deposits of sandstone and shale ; it may therefore 
be viewed as an oceanic deposit, resulting from a de- 
composition of sea water, aided in many instances to 


a wonderful extent by the vital products of zoophytic, 
echinoderrnatous, and molluscous animals. According 
to this view, it is easy to understand the repeated produc- 
tion of limestones of the same mineral character at dif- 
ferent periods; nor need wc feel surprised that, occasion- 
ally, limestones of the same age differ iu properties. 

However, all these views end at last in one, viz. that 
the cat liest condition which we can assign to the carbo- 
nate of lime, is that of extrication from some solution of 
lime in water, by chemical or vital processes. And 
here, perhaps, it will be w'isdom to pause, for though 
some have ventured to imagine that the lime might be 
derived from the decomposition of particular ingredients 
in primary igneous rocks, and others may suppose that 
the Ocean would more directly obtain this with other 
ingredients from the oxidized fluid nucleus of the 
Globe, such speculations arc beyond the pale of Induc- 
tive Geology, and involve too many hazardous assump- 
tions to be at present worthy of the notice of other Sciences. 

The general tendency of geological reasoning is to General 
establish the inference, that a large portion of the stra- icault. 
tilled deposits have been formed from the wasted in- 
gredients of pyrogenous rocks : all the phenomena ol* 
volcanoes and ancient igneous eruptions prove that 
locally stratified deposits are reconvertible to crystalline 
rocks by the force of beat, and very generally alterable 
in character so as to approximate to the actual pro- 
ducts of heat. Mr. Lyell puts this to the extreme, and 
supposes that the calorific energy of the interior of ttie 
Earth is constantly acting, so as to reconvert sedimentary 
into crystalline aggregates, equal quantities in equal 
times , and thus to maintain a perpetual equilibrium be- 
tween the liquefying internal and the solidifying external 
agencies of t he Globe. This speculation is much too 
poet .cal to be examined according to the dry rules of 
the Baconian Philosophy ; if the heat expended in this 
opeiation he obtained from chemical processes, these must 
gradually tend towards equilibrium; if from a generul 
internal reservoir of* caloric, that reservoir must become 
less and less prompt in supplying the incessant demand ; 
either of these effects operating through indefinite time 
must cause the gradual refrigeration of the surface of 
the Globe, a consequence not favourable to the hypo- 
thesis of the uniformity and continual compensation of 
the effects of internal and external terrestrial agencies. 
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Reference to Plates IT. and III. of Organic Remains. 


Plate 2. 

Tkhti a ii y System. 

I. Valuta dubln. Brnndrr. 

St. Dentnlluin striatum. Sow. 

3. Venerlcardin plunicontn. Sow. 

4* Fuftiw bulhlfomiU Sow. 
ft. KinarglmilarcclculuU. Sow. 

6. Cythcrea lentlfnrnilH. Sow. 

7» Turbo littore us. Sow 
3, ttcalarla follncea Sow. 

9. Mures tnbifer. Sow. 

19. Fueus contrariu*. Sow 

II. Cypneu Avcllnnn. Sow.' 

19. Trochus aggluiljiumi. Bnind. 

19. # ri* lrotnma exorta, Sow. 

Cretaceous System. 

13. Peclen quinquprofituliH. Sow. 

14. Apiocrlnu* rillplfru* Mi 1 /. 

19. Snongui rilliro'.i. Phil. 

16. Mnmupltr» IWillprl. Mnntrll. 

17. Inorfnunurt nuIcmmi* Sow 
16. Trltconln ulifornns Sow. 

19. Cfttlllus Ilrnugiiliirll. Sow and Prong. 

20. Ammonites viul him. Snr. 

21. riiiiiioMoni.i m})! no* ii m. Sow 

92. lielttmilti‘4 imuMonutus. Chi*, and Jlrong. 
SW. Spntuugus Cor-angulnntn. Cur. nnil Jhong. 
ill. Sulphite* uoKiutus. Man/ el/. 


Oolitic. System 
25 Trlgnnla rnstafn. Sow. 

26. Verte bra of Plesiosaurus. 

27. Cldarls Intermedia. Firming. 

9S, t'lypeus clunlculnrU. f.lwyd. 

99. Vcitclna of Icldliy osuuru* communis, Conyb. 
.10. Anuimiilith Wulculul. Sow. 

31. l*liol adorn y n Xluri Insnni. Sow. 

32. End of the I’ppcr Jtiw of Crocodile. 

S3. Myn V. iscrlpiu. Sow. 

3t Grypluui liu-urvn. Sow. 

35. Ammonite* Calluvlensis. Sow. 

Plate 3. 

Svi.i>kuois System. 
t. Productu hnrrldit. Sow. 

2. Iteteiiora vlrgu lac ea. 7%i/. 

3. Tercuratula y;lobnlina, Phil. MS. 

4. ’lVrebratula. 

5. PiTtrn rud lulls, Phi 1 MS. 

6. A Aviculn irrypliruoidc*. Sedg. 
b, Dorsal vl«*»v of the game. 

7. Aximis obH'iirus, Sow. 

8. Retrpura fluMtiAceu. Phil. 

9. I'ulifolhrtftsum inacrocephalum. Sedg. 

Cahikixii-kiious System. 

10. Plntycrlmn hevis. Mil/. 

11. Actlnocrinu* 30 ductylus, Mill. 


12. Pentremltcs elllpticufl. Sow. ' 

13. Pleurorliyncluiti min ax. Phil. MS. CS civ genus) 
14 OrthoceruB Brcynll. Sou>. 

15. Spiriftra utrlnta. Sow. 

16. Productu ponctuln. Sow. 

17. Ammonites Lister!. Sow. 

18. Ammonites striatum Sow . 

19. Bellcroplion hi ulcus, Sow. 

20. Pleurotomarla, (Helix cariAnta’ Sow.) colour 
stripes remaining. - 

21. Euomphalua penfangulatus. Sow 
22 Syringoporu qoniculata. Phil MS. 

23. Favorites caplllarls, Phil. MS* 

24. Asaphus gonitmtlLferus. Phil. MS. magnified 

/wire. 

35. Tercbratula acuminata. Sow . 

Primary System. 

26. Eunmphalusdlsrnrs. Sow. 

27. Producta depresaa. Sow. 

Dorsal view of ihe lower valve. 

28. Tercbratula affinls. Sow. 

29. Calymeim lllnmonbuchil. Brong. 

30. Asupliim l)e Buchll. Brong. 

31. Pen turn crus Knight II. Sow. 

S3. Ortlmeerus annu latum. Sow.' 

33. Orthocern* pyrlfnrme. Sow. 

34. Cyatliophylluni hesagonum. Goldfoee. 

. 35. Cuteniporu Inbyrinthlca. G old/. 

36. Astrsea porosa. (Joidf. 
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INDEX TO GEOLOGY. 


Index to To facilitate the study of the Article Geology, rod to make known 
Geology, the nature and the views advanced in it, is the object of the follow- 
- _r— — ) j ing abstract. The subjects dinciissed in Geological Treatises of 
(modern date are, of necessity, extremely varied) for the Natural 
History of the Earth is too vast and diversified a problem not to 
require continual reference to th^ truths of collateral Science. In 
the present Treatise, a great portion of the inferences and general 
reasoning is, indeed, collected into a separate and final chnptur ; yet, 
in many instances, the inferences from phenomena are introduced 
after the description of these, especially when it Beerned likely to 
render the succeeding descriptions more clear. The following 
Summary will explain the distribution of subjects throughout the 
four Chapters of the Treatise, and Berve as a General Index, per- 
mitting, at the same time, a connected view of the Scieucc. 


CHAPTER I. 

Progress and Principles op thk Science. 


Prog rets of the Science. 

Page 

529 Definition f with reasons for its wide limits. 

Speculative Geology gradually changing, with the progress 
of Physical Science, into 

530 Inductive Geology, which, in different Countries, was based on 
different (luta. Later originated the agricultural school of 
Geology , which has nowhere made progress commensurate 
with its importance. 

Aiming knowledge was the basis of another school brought to 
eminence in Germany under the auspices of Werner, who 
claims the merit of introducing, more clearly than had been 
done before, the consideration of relative time and succession 
of phenomena. — Of this . • 

531 Werner s aeries of formations is a Tcmurkable monument. 

Mitchell , Whitehurst, and Saussure have distinct claims to 
praise, the former for comprehensive views, the latter for 
diligent researches. 

532 Inductive Geology was, however, principally founded on a know - 
ledge of organic remains. Rude admiration of these monuments 
of earlier Nature animated, nearly at the same time, the Natu- 
ralists of Italy .France, and England ; and the discussion* respect- 
ing their origin led to the introduction of Zoology and Botany 
as auxiliary Sciences to Geology : anil in Mr. Smith's hands to 

* 633 A correct classification of stratified rocks, and the important 

discovery of the rvlutiou of systems of orgdtoic life to definite 
geological period*. 

534 Hypotheses are thus devoted to oblivion, and the modern cu//i- 
f|p tors of Geology , aware of the grand problem committed to 
their industry, labour assiduously, and labour together, iu the 
patient interpretation of Nature. 


Materials in the Earth . 


The mean density of the Earth , as known by astronomical and 
mechanical discoveries combined with other knowledge, leads 
to three probable deducffeqpAS iojfrlrtnterior of the Planet, 
which are stated, and which are or great importance in limit- 
ing the range of geological speculation. 

, 535 7J%e earthy compounds of the exterior of our Planet, as known by 
•* • observation, are referred to certain groups according to tbeir 
chemical constitution. 


Stratification, 

536 The regular arrangement of rocks on the surface is shown to de- 
pend on a regular internal arrangement called stratification; 
juch that the "strata are arranged, with respect to one 

53 7 another, in a constaut order of succession." From this super, 
position of strata, with according declinations, and considerable 
•stent or eontinuiiy t it follows, that stratification is a funda- 
mental condition of many rocks, and that the Earth is externally 
of a lamellar structure, the layers marking particular periods 
of its formation. 

VQL. vi. 801 
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Distinction of Stratified and Unstratified Hacks. 

537 From ike relative situation of these two classes of rocks, 

538 The distinction of their mineral characters, and mode of ag- 
gregation, aud their contents , a conclusion is drawn that tlu*y 
were the results of different agencies, the former deposited 
from uniter, the latter produced by heat. 

533 The division of geological study into two branches is thus indi- 
cated, and the sections of the Treatise which follow are made to 
correspond. 


Index to 
Geology. 


On Stratification in general. 


538 Strata : the definition of Professor Plat fair limited ; interposed 
strata ore described ; the thickness and lamination , parallel or 
oblique, ure noticed ; and certain collective terms employed by 
Geologists explained. 

539 The series of British strata is then presented in a tabular form, 
under the divisions of tertiury, secoudaiy, and primary strata, 
according to the several formations anil stratified groups. 


Disturbed Stratification. 

540 Cuvier’s fundamental principle for investigation of disturbancea 
of strata applied to cases of vertical strata and contorted beds • 
(Seo pi. i. fig. 4.) 

541 Faults , or the lines of fracture of disturbe'il strata, considered 
with reference to a certain law of direction, (also applied to 
several mineral veins and dykes,) and to their relative anti- 
quity ; principal epochs of convulsion a»certu noil by this procesa 
of reasoning, and the leading physicul teatures of the Karth'a 
surface shown to be dependent on subterraneun movements. 

542 These movements , and the disruptions of strata which they have 
occasioned, are shown to be a part of the general plan of 
terrestrial creation, affording that variety of surface and con- 
ditions to which organic life is known to be adapted, and 
cuusing the exposure, under varied circumstances, for the use 
of man, of nil the minerals and other useful products near tho 
surface of the Earth. (See pi. i. fig. 5, G, 7, 8.) 

Internal Structure of Hocks. 

543 Joints in different rocks possess peculiar characters, and com- 
municate to them distinctive features, independent of their 
other stiuctural peculiarities. 

The general cause of joints and fissures admitted to be con- 
traction of the mass after partial consolidation ; some general 
agency, like that of electricity, appealed to for the production 
of the symmetry and constant direction of joints in large 
districts ; and local changes of internal structure referred to the 
application of long-continued heat. (See pi. i. fig. 9.} 


Mineral Composition of Strata . • 

544 Both mechanically transported sediments and chemical precipitates , 
a?® recognised among the stratified rocks, the whole series of* 
which consists of alternate layers of several calcareous, arena- 
ceous, argillaceous, ferruginous, and carbonaceous compounds. 

545 The phenomenon of alternation must be distinguished from that 
of gradation of beds, though both aid to produce what is called 
a transition of terms in the stratified messes. (See phi. fig. 10, 

The proportions of chemical and mechanical deposits vary in 
the different systems, and give occasion to some general re- 
flections as to tho causes concerned. 


Condition of Organic Remains. 

546 What tribes of living beings are recognisable in the fossil state; 
What portions of the original structure are preserved ; 

In what condition they were imbedded ; entire, disjoined, frag- 
mented, or worn ; these questions having been answered, 

647 Subsequent changes of coinposition may be investigated, 

In plants, corals, shells, qc., and the effects discovered may be 
compared with- analogous modem processes, aud referred to 
the original nature of the bodies and to the peculiar influences 
to which they were subjected in diflereut rocks. 

b u 
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I'aj; 

Distribution of Organic Remains. 

5 VJ, 550. The relative number cf fossil and living species of plants 
and mriinaU is fir^t touched upon ; the proportions analyzed with 
reference to tin- original nature of the bodies ; and a compari- 
son instituted of H itish recent and fossil species of zoophyta, 
conclnfer.i. gasteropoda, cephalopoda. 

5!»0 Thr European f>\sd specie * are next tabulated. 

The distribution of organic remain » in the Kurth is next con- 
sideie 1 with reference to the nmnhrr of them in different rocks; 
the Table given suggests remarkable inferences; the relation of 
land between recent and fnssil tribes being considered, and tho 
relatione of tho fosstl * of different strata to one another, it fol- 
Iown, that each stratum was successively the bed of the sea, ami 
that successive systems of strata enclose successive races of ani- 
mals and plants. 

551 T.icse being of terrestrial and marine origin give us, in some 
degree, the history of both the laud and the sea ; marine i aces 
indicate the oceanic origin of limestone ; terrestrial plants 
mark the transport of the materials of arenaceous rocks by 
rivers and inundations fiom the land; and thus, the first 
approximations arise towaid the determination of the boundaries 
of the ancient oceans. 

552 Marine exux ier being considered, it is found that rocks of similar 
chemical quality have some resemblance in certain tribes of 
fossils; fyoophyta;) hut more impoitant is the fact, that they 
Are associated according to the periods a f their existence ; so 
that 

Strata of different age contain, for the most part, ditfciciit 
fovsils. 

Strata of the same age contain, even over large tract?, some 
identical and many similar fossils, according to the doctrine of 
Mr. Smith. 

>1 Repeated changes in the rare t of oi gallic beings, by which they 
have leen, nt dilT'eient* geological epochs. Kticcessncly I louglit 
neater and neater to the forms of existing natiue, are t:ms 
established. 

At. Deshaye \ results in this inquiry, derived from tertiary 
strata, ure stated, mid the identification of strata by charm tenstic 
organic remains is considered, and thechange of organic remains 
put in connection with the corresponding change of mineral coin- 
position of rocks. 

55 l Terrestrial exuviir are shortly examined with reference to the 
same principles. 


Slate System. 

5ti5 Relation of this to the preceding system; (pi. i. fig. 13;") the 
Cumbrian slate region taken as a type; dnik lowest slates; 
red rock, middle green slates; dark tossiliferous limestone ; 
upper slates also foss hferous. 

5G7 Cleavage of state; slates of Scotland, Ireland, Isle of Man, 
Wales, (from Sedgwick,) Anglesea, (from Ilenslow,) the 
groups in the grauwacke series of Wales, established by Mur- 
chison ; slates of (Uiarnwood forest, Cornwall, and Devon, 
Brittany, Pyrenees, Ardennes, Rhine Valley, Han, Scaudi- 
nuvia, Tarentaise, North America. 

569 “ Transition ” limestone shown to he analogous, in some respects, 
both to the primary and carboniferous limestones, but distinct 
from both. As a general truth, it is concluded that the whole 
series of strata forms but onf» great locally interrupted series. 

570 The succession of the whole lintish primary senes presented in 
a tabular form. 

General Conclusions concerning Primary Strata 

570 Arc next presented under the following heads, affirmatively : 

General basis of igneous rocks. 

Influence of heat on primary strata. 

Oiga me remains absent from the lower primary Btrnta, but 
frequent in the i«pp r. 

Objections to the conclusion of greater manifestations of 
igneous agency in the older periods, considered. 

Disturbances of the Primary Strata, 

571 The ft certs nf convulsions which happened 

Dining the accumulation of the slates, and after the deposit 
of the slates, considered, with reference to the mean direction of 
subsequent stiata; exhibition of plutouic roeks. mineral veins, N. c. 

Organic Remains of the Slate System. 

S7 k l Plants, polypnria; 574, rudiaria, conchifera; 578, gastero- 
poda; 580, annulosft, ciustucca. Remarks follow each class 
of fossils, and a summary is given, 581 ; (the suggestion 
legarding the fossils of the South of Ireland, 57 7, drill, has been 
admitted by Mr. Weaver to be correct; M. De T-a Beebe has 
no thrnbt that the limestones of Devonshire do belong to the 
transition epoch.) 


CIIAPTUR II. 

Dr.SCHIPTloN OF T11K Sk.JURS OF AljUFOL’S DrPOSITS WITH TSJKlIt 
Imhluokd Oiuianic Kkmaijv*. 

SE4 Thr history of the successive systems of rocks, deposited from 
wutci, is piecvded by a discussion of wlmt forms their general 
floor or basis. It being admitted that granite and other mi- 
str.itith d locks, (see p. 5.17,) oi igmating from the action ot heat, 
foiin this general floor. The ‘"primary strata” are considered 
with reference to the hypothesis of 

555 Mtfam»r/di<\tn of locks of all ages, and the conjecture that 
eailier strata tban tli -se called primaiy in. ly have been absorbed 
into the melted nucleus of the Globe. Cert am condns'oii.s arc 
stated; a ginnpmg of the strata into systems follows, a* id 
these are described according to the eras of their pioduclion. 

Piumahy St it AT A, 

557 The primary strata are treated of as forming tliL. skeleton and 
framework of the Kiuth’s surface, ranging along the mountain 
chains and groups, and encircling and dividing the great Kino- 
puuu, Asiatic, and other basins. 

Gneiss and Mica Slate System. 

559 Principal rochs described ; tho order of their succession 
examined; the origin of gneiss; its stratification ; the minerals 
which it contains ; the roeks associated with it ; anil the transi- 
tions from this to other rocks noticed. 

550 Similar review of mica schist , quartz rock } and primary lime- 
stone. 

560 The districts occupied by the gneiss and mica schist systems 
are next described ; Cornwall, Wales, Cumlierland, Scotland, 
(pi. i. fig. 12.) North of Ireland, South of Irciund, Brittany, 
Pyrenees, Central France, America, 


Skcommaiiv Stoat a. 

Carboniferous System. 

581 New physical geography of the Globe at the commencement of 
the carhonilerous period ; produced by the convulsions treated 
of, 571. 

Divisions of the carboniferous system: 

582 Old rod sandstone formation , origin from local convulsive move- 
ments; its Characters in tbc Cumbrian tract, Wales, Mon- 
mouthshire, &c„ Scotland, I eland. 

584 Mountain or carboniferous limestone formation ; geographical 
extent, and modifications of the formation, illiistr.-' „-d by 
original investigations in the North of Kugland. The several 
groups of the lormatmn described, ns to composition, physical 
geography, &c., viz.. scar limestone , Jiaq stone senes, upper 
limestone belt. millstone grit. The mechanical origin of this 
lalter series discussed. 

5S9 The coal formation ; its composition compared to that of tho 
mountain luuest<fe£ series. 

Range and extent m .lie conformation ; English coal fields 
compared in districts. 

The Yoihshire coal field described ns a type; lower, middle, 
and upper series; 592. the great Northern coal fields, great' 
South Wales c«»al field; 5')3, Forest of Dean, Somerset, &c., 
Flint, plain of Shvewxbmy, Coalbrook Dale; 591, Clue hills, 
the central coal fields, lush eoal. 

594 General new of circumstances under which the coal beds were 
deposited. 

1. Its origin from vegetables proved; (see also 547;) 2. these 
plants grew on land ; 3 the analogy of coal beds to buried 
peat bogs, subterranean forests, &c>, to lake and river deposits, 
investigated; 5%, effects of the higher temperature existing 
in former times upon the Globe upon the growth and inhuma 
tion of plants; conclusion adopted us most generally applica 
ble, that, the plants were swept down from the land to lakes 
and estuaries of the sea; exemplifications of the process. 


Index to 
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Convulsive Movement* of the Carboniferous System 

597 Of very general extent : 598. the Fenine chain uplifted ; the coal 
Hi Ids of Lancashire and Yorkshire divuled ; other elevations ; 
the Finest of Dean, the Ardennes, &C. ; relation of convulsive 
movements* to mineral veins, &c. ; observations on these. 

Organic Remains tf the Carboniferous System* 

The extensive catalogues which are given are accompanied by 
sufficient explanations. 

599 Plants. | Pulyporiies Bownmnni of Lindley is a fidi scale. It 
occurs in several oilier localities.) 

0)3 Analogy of fossil and recent plants ; conclusions on this sub- 
ject. 

603 Polypa ria ; 601, radiaria, coychifera; 606, mollusca ; G08, 
general summary. 

Saliferous System . 

608 General view of the composition, subdivision, and range of 
tins system in England ; 610, remaiks <m cvitaiu members of 
the saliferous system m England ; mail slates; y» llow magne- 
sian limestone ; 61 1, laminated limestone ; rock '•alt ot Cheshire 
described; 612, the salt crons system of huiop* 1 ; organic re- 
mains; sections in the Vosges, North- East ot Germany, Ac., 
compaied with that oi the Ninth ot England ; remarks on salt. 

614 Cm utnsinnces attending the origin of the salt /noun system; 
arguments for its marine oiigm ; local absence of organic re- 
mains ; prevalence of certain colours; prevulcii e of mag- 
nesia; difficulties with respect, to the origin of the suit and 
gypsum. 

Organic Remains of the Sa/iferous System. 


Page 

Organic Remains of the Oolitic System. 

The Tables are generally arranged so as to indicate both the 
relations of British mid i'oteign species, and the distnhiitiun of 
the fossils in the ditterenl foi mat ions 

635 Plants ; 636, polypana ; b37, r.ulmria ; 639, coucliifera ; 
645, gasteropoda. 

651 Annulosa, Crustacea, insect a, reptilia, pi seen, mammalia ; 653, 
summary. 

Cretaceous System. 

653 Mineral character of this and othei .systems; reniaiknble mir- 
face of chalk nmutry in England ; thy valleys of the chalk 
hills ; groups of the chalk system, as exhibited in the .South of 
England. Maced to the Ninth, and again sptciiird in York- 
bhne ; 051, Macstiicht und Gos.oi lu ds ; h,w* \ gieeiis.md ; 
055, guult ; upper gieen sand ; clunk mall ; lower eh.dk ; 0 )6, 
tipper chalk ; its layeis of that ; pyrites ; tissuud tlmts ot the 
Isle of \\ ight. 

656 Cretaceous system of Ireland ; the basin of Europe; Fiance, 
Macstiicht, Nuiih of Gcituaiiy, Poland, South ot Ki.ssin. \c. ; 
657, the Alps. Lomhuidy. 

657 Convulsions of the cretacious sys/t m un.icded rather by tint 
waste oi the chalk, and the accumulaiuni ot fl.id pehl-les uiiove, 
than by diuct piool of disturbed rocks Kite de Hem, taunt's 
views ; Mr. I .yell's hypo tin sis. 

Organic Remains of the Ct etna mj System. 

G58 Plants, jioly paiia; 6bO, ladmria ; 662. cimrliilcia ; 600. mol- 
lnsca. 

609 Annulosa ; 070, Crustacea, cirripoda, pisces, reptilia, ami 
summary. 


615 Plants, polyparia ; 016, r.uh.uia. annulosa, conchifera; 617, 
gasteropoda; 618, cephalopoda, Crustacea, veitebialia; 619, 
biimuuuy. 


Disturbances of the Sa/iferous System. 

619 In England, only sliglit and few; in the Vosges, Biittany, 
La Vendee, Morvan, Biihmerwald, Thuringerwald, Avallon, 
Autun. • 


Oolitic System. 

619 Its conformity to the saliferous system in position; differences 
in muieial character and organic remains , the phenomenon of 
alternation at the base and top of the system; composition in 
diffluent Gouutues of Europe. 

620 Classification of the English srties in a tabular form. 

Kunge of the lias; its general characters, geogi aphiral, mi- 
neral, oiganic; 6’2l, the has ibimatioii of Yorkshire ami Lin- 
colnshire subdivided and described ; liasofthe MidlandCounties; 
622, of the t'ottswold, of Bath and Dorst^hire, of North 
Biitam, South Wales; lias of Autun, Chalons, Luxemburg, 
Wurtcmberg, Banx ; remarkable characters of has in Swisser- 


623 


l«>d. 
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Jfr lower oolite formation ; its range, geogi aphy, cb-vation, 
escarpments ; type of this formation at Hath described ; in- 
ferior oolite group; 621, iullei’s earth gioup ; great oolite 
group ; forest marble group ; corn brash. The same formation 
as it appears North of the Ilumbcr and in Sutherland wi.h 
different characters; 626, rauge and character of the forma- 
tion in the Midland bounties ; Collywpston and Stonesfiehl 
slates. 

•27 The middle oolite formation analogous to the lower oolites in 
mineral and geographical character ; 628, less continuous. 
The several locks described : Kellowny rock, Oxford clay, 
* lower calc grit, coralline oolite. Wilts, Oxon. Yorkshire, V\ ey- 
mouth ; upper calc grit. 

'30 The upyer oolite formation ; Kimmeridge clay', composition, 
layers of ostrea delta ; Portluiul oolite, in Poitluiid, at Chicks- 
grove, Brill, Ac. ; the dirt bed of Portland. 

631 The IVealdcn formation in three groups; Purbeck beds, Hast- 
ings sands, Weald clay. 

632 Evideticu for the fresh-water origin of the formation. 

633 Foreign localities of the oolitic system considered ; range and 
extent of the system ; its divisions locally the same as in 
Englund, but generally there not recognisable ; the organic 
exuvise unequally distributed. 

634 Disturbances of the oolitic system; Yorkshire, Dorsetshire, 
Caithness. On the Continent more extensive. 


Tehtiawy Sys'ifcM. 

671 General view of this system of strata deposited in the sen and 
lakes; its geological limits toward the older deposits easily 
known, hut toward the modern era difficult to he fixed ; 
reasons lor this m the varied nature of the deposits ; the un- 
certainty of tin) applicability of u common scale* of tune to 
the independent changes of oiganic hie on tliu lund and in tho 
sea ; geiieiul conclusions. 

672 IViysuni aspfet of the globe at the com me nee me lit of tlio 
teitiary epoch; various teitiary seas; tertian/ systrin of 
England; lower muiiim formation, including plastic clay, 
London clay, and Bagsliot sand ; 67 4. tresh-wuter group of tlio 

• Isle oi Wight; crag, its two mineral types, vast number of 
shells, Ac. 

675 Foreign tertimy system ; under what circumstanccM deposiied, 
in arms of the sen, included basins, estuaries, lakes; extent 
and form of the tertiary sea of Europe, Kc. ; its relation to ex- 
isting seas; G76, comparison of the French and Higlish 
tcitiuries; plastic clay; lower fresh water, upper miiiiiu*, 
upper flesh wah r ; Toiiraine beds ; 678, tertmiien m the South 
of Fiance, on the North of the Alps, at Vienna, in Tiuu- 
uylvania, at Gosau, the L ntersherg ; 679, on the Gasan 
beds ; molasse of Swisseiland ; Nuhapcnmnc mails; Sicilian 
deposits. 

« 

Relative Antiquity of Tertiary Deposits 

680 This important subject is Fully discussed; zoological evidriico 
alone admitted to be of peneial application; mode of rmp'ny - 
trig this (vidrnce. in lelatuni to older rocks, stated ; pioper 
mode ol employing it for teitiary shut a exemjiblied ; limits 
ol the reasoning; upper and lower terms for couipaiisou 
defined ; imperii etiontt of the process when applied to par- 
ticular cases without allowing for local circumstances. 

681 M. tJeshm/rs' investigations analyzed; marine fertility specie* 
compared to nn upper term ; { living speties ;> to a lower teim; 
(basin of Paris;) M. Dcshayes* conclusions suppoitcd by 
both tests, 

681 General results. 

682 Organic remains of the marine tertiary strata. 

Jjucustrine Tertiarie *. 

684 Data for reasoning concerning their antiquity ; certain deposits 
described ; in Central France, in Fruvence, at CEningeii. 

685 Ligmtic deposits of Swisserland, Ac., of ttovey Tracey, tlio 
Meissner. 

686 Organic remains of the lacustrine terti.irios. 

688 Dislocations of the tertiury strata in the Soutlr of England. 
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Diluvial Deposits. 

C88 Distinctions between these and the tertiary strata ; origin of 
the term diluvial ; relation of the phenomena it iucbult** to 
the Noarhian Deluge ; proofs of the extraordinary violence of 
water afforded by these d« posits ; example of the transport 
of detritus from the Cumbrian mountains to the Smith- East, 
from the Lickey-hill to the East, from the Lincolnshire wolds. 

C90 Still more extensive effects of umdogous causes among and in 
the vicinity of the Alps ; circumstances attending the dis- 
persion of the erratic blocks of the Alp*, and others from 
Scandinavia, ns to arrangement, number, magnitude ; direc- 
tion of the currents to which they owe then transport ; general 
inference on this part ol the subject. 

691 Oravrt dr /wait* ; mum tit population at the time of these diluvial 
currents widely diffused over the Northern regions of the 
gloho ; consisted of many species of quadrupeds congenerous 
with those now living, but for the must part specifically dis- 
tinct. 

692 That they really At ted in t/msr region* where their remains occur 
proved by several facts, csptc.diy by the history of tho 
ossiferous caves. 

Ossiferous cui'p jt; their situation, characters, how formed, how 
filled with hones ; Kukd.de cave Irnanied l»y hynenuH ; 6*1-1, 
Kuliloch tenanted by bear*, which died there ; SVlcndip ochre 
caves and Oreston caves tilled by accident and aqueous 
currents. 

69.') Osseous breccia of the Mediterranean analogous to these latter 
caves, and tilled like them. 

The question of ihe climate of the Northern regions in the dilu- 
vial or elephantoidal era investigated as a question of Philoso- 
phical Zoology ; 696, new evideuee brought to bear on the sub- 
ject; the haii-cuvered fossil animals of me ley Sea, -and the 
iiSHociatiun of lercnt shells with extinct animats in Yorkshire. 
Other problems cniisuleied ; geographical extent of the pheno- 
mena ; 69 7, length of the diluvial period ; geological monu- 
ments of the existence of mail ; GVH, supposed contemporaneity 
of human and i/uadruprda/ bones mar Leipzig, Nice, the South 
of France; the latter example invi siigated, uml a general 
conclusion adopted ou this suhject ; un attempt to assign the 
causes of the diluvial phenomena. 

699 Tnhtr of Organic Remains in Caverns and Superficial Deposits 
subset/ urnt to the Tertiary Period, 

Deposits ok tub Modeiin Kka- Mod rum Causes in Action. 

701 The relation of terraqueous agencies in ancient and modern 
eras is a proper subject of geological inquiry. On this p#int 
the differences of opinion ure greut, but reducible to three classes, 
one denying the uualogy of ancient and modern physical 
operations ; another admitting agreement in the inode of 
operation; a third asserting identity of kind and equality of 
effect ; modern causes in action are then examined. 

The wading effects of the utmospherf , chemic.il, mechanical, 
or combined, on felnpathic and other rocks, contrasted with the 
conservative power of the ground ; waste from humidity, ex- 
emplified from changes of heat and moisture, parallel to artifi- 
cial surfaces of several kinds of stones; 7 03, influence of 
frost on slaty mcks ; in the Kighi mountains. 

• Effects of rain on drmdical monuments, on grit rocks, in lime- 
stone cliffs and floors, producing channels like miniature 
valleys. 

704 Effects of inundations , in Scotland, in Yorkshire, in the 
Alps. 

Effects of Streams and Rivers . 

704 Of two kinds, excavating and transporting ; erosive effects ox- 
emplified in Tyuedale, in the Lincolnshire rivers, in various 
river delta*, in fitna, in Auvergne. 

Wuterfalls and cataracts, how formed, and continued ; at 
what rate they waste the rocks, and cause recession of the 
fall; Fulls of Niagara. 

Transporting action of streams discussed; rivers without 
lakes ; waste of the uplands causes elevation and fills irregula 
ritics of the lowlands ; the Yorkshire Ou*>e ; the valleys near 
Scliaffhuusen ; in low ground, and at the mouths of rivers, 
large accessions of sediment happen, new land is formed, 
and the river mouth is carried forwards or turned in new di- 
rections ; 706, the materials transported vary much, und remind 
us of the ancient earthy and carbonaceous strata, to which a 
similar origin has been ascribed ; the arrangement of these 
materials and the general effects of rivers referred to the 
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initial wasting effects of the atmosphere, the power of the Geology, 
river cun cut, and the character of the valley itself. v 

707 Rii era with lakes occasion other peculiarities ; the lake recoivos 
all the sediment und discharges the water pure ; new land is 
thus formed at the head of the lake ; the materials in it 
being arranged in particular inclined conical surfaces, and 
measuring the whole transporting effect of the river since it 
began to flow. 

Lncustnne deposits of shelly marl, clay, peat, &c., are analo- 
gous to the ancient fresh-water tertiary beds. 

708 Deltas formed in the sea at the mouths of rivers nearly as in 
lakes, and coasts extended as on the Adriatic by the same 
processes ; tho nature of the materials of which they coneibf 
varies accoi ding to locality, and Imth in this respect and ill 
geographical aiea deltas present close and frequent analogies 
to some old sedimentary rotks. 

Burs at the mouths of rivers, how formed ; area of remaikable 
deltas ; geological chronometer formed by them, why de- 
fective. 

Action of ihe Sea 

703 Erosive and transporting, as in rivers; wasting of cliffs, how 
occasioned ; to what degree on tho coasts of Yorkshire and 
Norfolk ; extension of marsh land on the same coasts, how 
produced; different effects of the sea; alternate production 
and destruction of land; incessant act ion of the sea in arrang- 
ing and disturbing the sediment gathered from the laud. 

709 Coiul islands ; their growth, quantity of carbonate of limo 
solidified by them ; comparison of coral reefs with certain old 
limestone strata, how far just, and in what respects delusive. 

CHAPTER III. 

Dkkcuii’tion ok tiir Rocks produced uy Igneous Agency. 

711 Introduction , containing a general view of the subjects to be 
discussed. 


PART I. 

On Rocks produced by Igneous Operations of a similar Nature to 
those now taking place* 
r 

Section 1. 

Description of Volcanic Phenomena in different Parts of the World . 

General Notion of Volcanic Action. 

712 Phenomena attributed to volcanic action ; phenomena ad- 
mitted to be volcanic; evidence of volcanic action; local 
internal commotion ; the structure and appearances of the 
inineial masses on a large scale; the characters of indi- 
vidual rocks; 7 Id, these characters specified; trachyte, grit- 
stone ; analogy of other volcanic rocks to these. 

Division of volcanic products according to their age ; the 
age of valhfys assumed as definite, and the volcanic rocks 
divided by this standard into Aiitcdiluviul und postdiluvi.il. 

Postdiluvial volcanic rocks , mineral characters of these. 

714 Anlediluvial volcanic rocks, their characters; distinct' ail of 
subaerial aud subaqueous modern volcanos. 

Active Volcanos of Europe, 

Vesuvius , historical view of its condition ; destruction of 
Pompeii aud Stahiac by dry ashes ; of Herculaneum by tufa- 
ccous mud ; othe. eruptions not* j .it. 

Phlegrean Fields , s..!.sulenvO of their “volcanic excitation 
since Vesuvius became active ; the phenomena still mani- 
fested in the 

716 Solfatara described ; sulphureous vapours ; decomposition of ‘ 
the trachytic rocks. 

Monte Nuovo, thrown up in the With Century, after earth- 
quakes And flames, consists of loose materials ejected in a 
few days ; heat still manifested at its buse. 

Grotto del Cane , near Logo Agnano, its mephitic vapours. 

Puszolana , extent of this deposit along the base of 
the Apennines ; its composition, antiquity, elevation above 
the sea. 

Temple of Serapis at Ptizzuoli, circumstances which indicate 
repeated changes of level affecting this locality. 

Islands of Procida and Ischia— -of varying tufaceous compo- 
sition ; later pumiceous products of Ischia ; present high 
temperature about it. 
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Geology. 718 Other parts of Italy — Mount Vulturj great antiquity of its 
. ^ >. action 

; Hocca Monfina ; buried town at Sessa ; Punza Islands ; 

volcanic phenomena of the Papal States, Albuno, Home, 
Viterbo 

' North of Italy — Voltcrra; Eugunean Hills. 

719 South of Italy — Lipari Islands, hot springs, volcano; 
Stromboli, its uuiiitennitting eruptions; beds of pu/.zoluna; 
dykes. 

Sici/y — alternate volcanic and. neptuninu deposits of tho 
tertiary era; Val dt Nuto ; Macaltiha ; Etna, its vast mass 
comparatively modern ; consists of lava, beds, and tuff, with 

, dykes of trachyte and basalt; erupted in the air, while those 
oi the Val dt Note took place under wutcr. 

Sriacra — of recent date, tpid transient existence ; elevated 
on a line of volcanic action ; from deep water. 

7*20 Grecian Archipelago— ancient and modern elevations affecting 
Suntoruio and thcadjaceut islands ; line of volcanic operations 
through Milo and Argentiereto the ancient Methane. 

Iceland — great scale of its continual volcanic excitement ; 
linos of volcanos ; vast lava flood of 17S3; island which rose 
and bunk again in that year; Geysers, their intermitting 
character explained ; solution of silica. 

Jan Mayyi, supposed to have been in action within a short 
peiiotl. 

Extinct Volcanos of Europe. 

721 Portugal, on the Eastern side of, near Lisbon, in Deira. 

Spam — volcanic appearances of Cup di Guicta ; volcanic 
cones of high Hiitiquily near (Hot. 

France — North-East of the Pyrenees, Cevennes, Vivarais, 
Pny, Cantal, Mont Dor ; volcanic masses of Auvergne, the 
Vivarais, Puy en Vel.iy, produced since the date of tho 
Valleys, though some are cut by existing streams into 
ravines; seventy craters in Auvergne ; five domitic hills near 
Clermont distinct in their origin from the other volcanic 
masses ; supposed by \ on Ditch to have been heaved up, 
Dot ejected ; characteristic phenomena beating on this ques- 
tion specified. 

723 German i/ — K)fel Volcanos, cones, craters with lakes; few 
traces of lava streams ; referred to comparatively modern 
period. • 

Siehengehirge ; basaltic and trachytic hills protruding 
through schists supeiposed on teitiary blown coal ; basalt id 
tile Wcsteiwald, Vogelsgelnrge. Fi.iukfort, U.uiau, Cassel; 
Eisenach ; alteration of stratified rocks. 

Odenw.ild, Kaiserstuhl, North of Luke Constance, Rhonge- 
birge, Fichtelgebirgc, Tdphtz. Kiosengebirge. Erzgebirge; 
overlying masses ofb^salt on the western ho.dera of Moravia. 

721 Hungary — five volcanic groups in the North of Hungary ^ 
1. Sehemnits and Kreinmtz; 2. near Gran ; 3. mountain of 
, Matra; 4. from Tokai to Eperies; 5. Vitunlet, conneced 

with trachytic mountains of Marmarosch ^all of high an- 
tiquity in the tertiary peiiod, erupted in a countiy lull of 
lakes. 

^ Styna— the Gleichenberg trachytic group on the Bos- 
jfhurus. 

/ alcanas of Asia. 

Asia Minor — the Troad ; Smyrna. 

Dead Sea— hypothesis proposed concerning tho course of 
the .Imdun, and formation of this sea. 

lied Sea — active vetano of Zibbelleir. 

725 Central Asia— Mount Afcrfht, JfcC ivoiid ; reports of vol- 
canos in the great depression of the Earth’s surt.ice, including 
the. Caspian, Ac. ; Arul Toobe, Pechau, Tourfan. 

• • Kamtschatfiu— very Hctive volcanos ; volcanic line of the 

Aleutian Isles to Alascbka; rising of the trachytic island of 
Unalaschka in 1795; line of volcanic vents by the Kurilean 
* % * Islands, the Isles of Japan, Lou-Choo, Formosa, the 
Philippines, Sauguir, Celebes, Tcrnate, Fidore, tho Mo- 
luccas, Sambawa, Java, .Sumatra, and Barren Island; East- 
ward range of volcanic phenomena from Sambawa. 

Pacific Ocean , volcanic groups and islands of. 

Volcanos of Africa, 

726 Madagascar— M ini it ius, Bourbon, its frequent lava streams 
and ejections; St. I!cleua> Ascension, Tristan d’Acunha, &c.; 
Cape Verd Islands. 

Canary Islands— Tcneriffe, variety of its volcanic products ; 


l*uge, 

the Peak ; crater eruptions ; flank eruptions; other islands 
the Caldera uf Tiilum ; origin of the Durances ; Liiucerote. 

Madeira — Mount Atlas. 

The A cores — St. Michael, El Pico ; Island of Sabrina raised 
and sunk again, 1811. 

VJcanos of America . 

727 'Pie Antilles — nature of these Islands; the volcanic portion 
classed in two divisions: 1. Greuudn, St. Vincent, St. Lucia, 
Dominica, Montserrat, Nevis, St ('hiistupher, St. Kustachia; 
2. Martinique, (iuadalmipe. Antigua, St. Darthvlcmi, St. 
Martin, St. Thomas; connection ot tho Caracois mountains, 
through the Antilles with the mountains of Porto Kico, St. 
Domingo, Jamaica, Culm. 

728 Continent of America — North America — California ; Mexico; 
great theatre of vulcanic action ; variety of rocks here pro- 
duced; East and West hue of volcanos extending to the HiviL 
lagigedo Isles; Joridlo, its recent origin, desciibed accord- 
ing to Humboldt ; other lines and groups of volcanos ill 
Gu.it imala, Nicaragua, Columbia ; connection of these latter 
in one system ; relation of this hue of volcanos to tho 
Andes. 

South America — Extension of the line to (Midi, where s'vtetfu 
active volcanos exist ; thus all tho Western coast ot America, 
South of California, one gre.it theatre of volcumc action, 

Skction 2. 

Other Phenomena inferable to Vulcanic Action . 

729 Review of the preceding observations on \olcanos; other phe- 
nomena to he considered. 

Earfhi/uakrs proved to l»e connect'd with volcanic agency, by 
coincidence or reciprocation of period ; instanced liythc rela- 
tion of the eruptions of Etna mid Vesuvius to certain eaith- 
quukes ; other evidence from Columbia, Quito, (Midi, Lan- 
zorote, Teiienflc. 

730 Phi nomena of earthquakes; shocks, undulations, vibrations ; 
suhterruitean noises ; eruption of flames ; alteration of level® 
of water ; meteornlogic.il phenomena ; speculations ns to other 
than volcanic causes of earthquakes ; electrical accumulation ; 
internal cavities ; great extent of the shock of earthquake® 
no argument against their volcanic origin ; not irreconcilable 
with model aft* depth of the exciting cause. 

731 Thermal wuteis also connected with volcanic action, because 
they emit the Mime gave® as volcanos, sulphuretted hydrogen, 
carbonic acid, nitrogen ; this latter given off by Vesuvius, 

# Scnicc.t ; uho by hot springs of Castcll.miare, near Vesuvius, 
and Auvergne; also by thermal waters of the^ Alps, Hath, 
Buxton, Dakewell, Stoney Middleton, and T.iate’s Well; also 
in Ceylon and Venezuela ; quantity of this gas evolved at 
Bath. , . 

732 Situation vf thermal waters shows tln ir relation to volcanic 
agency ; near vulcanic groups, elevated chains of mountains, 
along hues ot dislocation, Ac. ; instances in England. 

Heat of sm h springs related to the period of vulnunc excite- 
ment, hottest when that is still active, least warm when that 
has been long extinct ; no local cheniicul actiuu adequate to 
account for such cticets. . . 

733 Carbonic acid in spimgs also indicative of volcanic action ( 

proofs drawn from the position ol such springs, in relation to 
thermal waters, and dislocated strata*. # 

Mud volcanos or safses not really of volcanic origin, but duo 
to local chemical changes, as in Sicily, near Modeua, New 
Andalusia, Trinidad, and Island of Taman; often excited 
among the substances produced by ancient volcanos ; salt 
spi ings of Ohio. 

Emanations of mfiamtiuihle gas not admitted as evidence of 
volcanic ac tion m coal mines, on the Apennines, near Greno- 
ble, in Albania, Baku, where considerable eruptions ur.ae 
from this cause. 

Sec tion 3. 

* 

Theories of Volcanic Operations considered, 

734 On what data such theories to be constructed ; in one class of 
theories heat considered asun effect, in another assumed as the 
general cause ; the former limited by rejection of unsatisfac- 
tory hypotheses to u certain chemical postulate, viz. the oxygeni- 
zation of metallic bases ot the alkalis and eurths ; the latter 
reduced to the general theory of internul heat of the Globe ; 
mode of investigation to be followed for the discovery of truth. 
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Geology. 735 Geographical distribution of volcanos ; linear and central vol- 
■ 4 came systems, siii'picied difference of their origin ; great vol- 
cai 1 it* ImniN. 

73G 1'r»jminhj of active volcanos to the sea or water, a general 
fact to which hardly any real oxceftmns occur ; extinct volcanos 
uppr.ii to have h.nl ili«* same iclation. 

Ptoducts of I'oAryiiir operation* ; ueiifonn fluids evolved; 
steam, chlorine, sulphuretted lijiiiogvn, sulphurous acid, car- 
home and, nitrogen ; cncuiiistances accompanying their ap- 
pear lice. 

737 Substann* not gaseous sublimed ; petroleum, sulphuric ncid, 
bni(i' ir acid, iiiurmte of ammonia, specular iron ore, iinuiatc 
of soda, sulphui. 

Sid oh lying suhstanres e jected ; lavas, their chemical compo- 
Hi'imi : leinperattiie ot flowing ; fusibility of has ill ; analysis 
of the lava of Kina; notions concerning the fluidity of lava. 

73 K l.fosr fraq meats ejected analogous to lava ; general relation 
of solid volcano* pioducts to tiachyte ; that lock considered 
with regai d to it-> oiigin. ftoni the fusion of granitic rocks ; 
its gcologii.il relations stiengtheii such an opinion. 

710 Co nsiihtlmn if n vulcanic nionntaill in general; crater of an 
active vole no; cxphrii n ; Causes ►corur ; Conditions which 
determine the frequency and tmce of eruptions. 

( '/ n/t rs of eruption ; their efhets de-Ci ibed; qmiquaversal 
dip of the volc.tiec acnnniihitimis round such craters. 

741 Craters of elevation ; that such exist probable trom their own 
nppe.ir.mce, as 111 Great (.’unary, 111 Palma ; limn tlx* existence 
of domes of trachyte, as in Auvergne; that such weie up- 
lifted, proofs offered ; the structure of Puy Chopine examined ; 
other cuni s of cruter formed elevations of rocks not volcanic 
in the Evl'cl, &c ; alteration of common limestones to dolo- 
mites : supposed sublimation and transfer of magnesia: Click 
IIill a case of elevation. 

743 The same subject illustrated by testimony of the elevation of 
volcanic rucks; instances recorded, near Sail tori no, near Una- 
liist'likd, Sciacca, Jornllo ; cavities 111 volcanic mountains ; 
\ fulling in of Papeudayang. 

741 Craters of elevation, Imw distinguished from those of erup- 
tion ; to what extent it is suppoited by distinct evidence; how 
far udiuiasible ; review of this part of the subject. 

Section 4. 

Theory of folrantv. Operation 9 . 

745 Recurring to the two theorirt formerly mentioned, their pro- 
minent characters are contrasted; the extent to which Jtie 
theory of luterual heat uppears to satisfy the conditions of thu 
case specified ; the imperfections of this theory stated; pro- 
ducts of volcanos examined to test the probability of the theory 
of oxidation of metallic liases ; hearing of the known mean 
density of the Karth on this discussion. 

748 Statement of the theory of chemical action ; existence of alka- 
line and edithy metalloids at moderate depths in the Karlh; 
effect of admitting ox\ getious substances to them, under the 
land, under the sea ; effect of admitting water to such metallic 
bodies traced through the various chemical products of vol- 
canos ; general conclusion of preference for the chemical theory 
of volcanos on the ground of its moro fully embracing the 
numerous phenomena observed. 

9 

PART II. 

Deacriptwn of Rocks attributed to l \d conic. Action tuhinq place wider 
Circumstances different from those before considered, 

^ Section ]. 

Oh Tmp Rocks. 

749 Introduction. Connection of the study of modern volcausi 
with inquiries concerning the edicts of the same agencies in 
ancient geological periods. Composition of basalt ; 7.*)0, green- 
stone, syenite, clay. stone porphyry, pitch si one, .'ire. &c. ; general 
characters of the foregoing rocks; their mode of occurrence; 
interposed beds; 751, prismatic structure; spheroidal struc- 
ture ; tabular trap ; dykes of trap ; their effects on contiguous 
rocks, on coal. 

752 Oriyin of trap rock* derived from igneous agency ; some of 
them quite analogous to the products of existing volcanos; 
Wernerian hypothesis of the aqueous origin of trap ; 7 53, 
arguments advanced in its favour shown to be fallacious. 
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753 Differences between lava and basalt explained ; accounted for Geology, 
by Dr. Hutton on the principle of prm.suie modifying the < * 

effects of heat; experimentally proved by Sir J. Hull; why 
sub.,, u ruie lava * coot slowly. 

735 Crismutic structure accounted for; found in recent lava, at 
Tone del (i cro, ut N n dei uieiuug, 111 the Vivurais ; greater 
frequency of dykes 111 trap rocks than in modi ru volcanic 
rocks; such dykes occur in modern volcanos, us 111 Summa 
and Vesuvius; reasons why they should more abound in 
suljiiiaiioe lavas. 

756 Trap 'ri.» k*, at what periods formed; cases of the formation 
of trap among old .secoudaiy strata nt luici vals uui i*ig their 
deposition, and at subsequent periods; much of theirapoif 
Ireland an i So tlaiid post i;i ior to 1 he age ol’ihe chalk ; rein. ilk- 
able prevalence of tiap rfi'ks doling the tertiary pcr.od ; 
ahuudauce of trachyte termed m the same pound. 

Section 2. 

Granitic Hock*. 

757 Canons condition * of the production of igneous rocks; d slmc- 
I 1011 ot submarine, suhn rranean, and snbaeroil vo.canic pio- 
ductH ; granitic and basaltic rucks compared, and thus a 
genet al scale of igneous products indicated. 

Hocks allied to granite ; general uiguineiit for the igiu-oiis 
origin of giaiiite; peculiar character of giauite; lrotu wh.it 
circumstances denvi d. 

738 Comparison of a mini t and modern pyrogemnt s rocks ; icls- 
pathic, hoinbh’iidu.ielspHthic, lioriibleiutic ; structure of each 
group ; granite veins; view of the mineral composition of gra- 
nite ; remarks on its constituent minerals, telspur, quaitz, 
mica; the Older of their rrystallizutum ; content pot aneniis 
veins in gi unite; imbedded miner tils in granite; consult rations 
on the crystallization ot granite; its elementary composition; 
chemical analogies among pyrogeuous rooks. 

Section 3. 

Relative Aye and ehar net eristic Phenomena of Pyroyenou* Rock*, 

* 

760 Aye of plutonic rucks, how to be obtained ; by reference to the 
duto of coiiv uUious, formation of \euis, interlainiuatiuii with 
rocks of known age, division of strata by dykes. 

Arran, an example of pyingeiious rocks 111 general ; its general 
features ; its grande upheaved m a melted state, d 1 a certain 
period, traversed by dykes of other igneous rocks ^lie general 
features of these dykes diiNciibed ; 761, alterations ot strati- 
fied rocks; geographical relations of the pyrogcnoiis rucks; 
no granite dyke; no hoinhlcndic granite; dependence of 
dykes and veins oil granite elevations. 

761 Granite described ; its ages in Britain various ; granite veins 

abundant ; ghimte without veins rare in Britain ; veins in 
slate of Airan, in limestone, &c. of Glen Tilt, m killas of 
Cornwall. f 

762 Felspar porphyry described in Ben Nevis, Ben CruachafV, the 
Cumbrian mountains, Ninth Wales, Cornwall. 

763 Syc/ute of Malvern ; remurkuble position of strata in contact ; 
syenitic dyke. 

liij per st he ne rock of Cuchullin, C.irrock, Radnorshire, Corn- 
wall ; that of the Vulteline desciibed m its relation to granite; 
that of Skye m connection wnh syenite, greenstone, lias, &c. 

764 Gnbbro , diallnye serjityjtw'^&c. ; localities of these 
rocks; stratification ot sApentine considered. 

Greenstone of Salisbury Craig described ; its effects on the 
sandstones and shales included and otherwise placed in contact; 
subsequent elevation of the rocks. 

765 Basalt of the North- Fast of Ireland described; section of 
Vairheud ; contact with lias at Portrush ; dykes in red con- 
glomerate, in coal measures, in chalk; chungu of this Utter 
to granular limestone. 

766 Basaltic formation ot Upper Teetda/e described ; its relation to 
the carboniferous limestones, shales, and sandstones ; remark- 
able dykes apparently related to the great “Whin Sill;” me- 
tallic ores by the side of a dyke. 

Melaphyre ; opinions of Von Buck concerning it ; elevation of 
the Alps ; dolomitizntion of limestone ; how this lutter supposed 
to be accomplished ; probable fate of this hypothesis. 

767 Claystone of Cory gills and Tormore in Arran. 

Cloy st one porphyry of the West coast of Arran. 
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dmtjgtlah+dal trap of Kinuoul; its mineral compQsitiou ; effect t 
Oil sandstones and shales of Ohmi. 

Hacke of the ('niton liil) alternates with bituminous slmlo 
ami argillaceous ironstone. 

768 Pdchstone in Arran ; dykes and interposed lieds * mixture with 
hornstone and greenstone in dykes at Toitnure. ; that of (Jory- 
gills described. 

Trap tuff \ Porphy i itic* breccia , tm volcanic sandstone,*' as seen 
in Cumbria, m Glen Coe, Ac., near Kdmbutgh, near Oban, and 
in the (Juradoc and the \\ re km. 

Skchon 4. 

• ^ # 

l Mineral, fetus. 

769 State of knowledge on this subject ; want of union between men 
of science and practical mmcVft; distinction ul rocks, dykes f 
ami mineral veins; plan of investigation in the following 
Treatise. 

Sahstamrs in a mineral vein ; extremely various: in vniious 
States m chemical combination ; metals, pine, alloyed, mine- 
ralized by union with combustibles, with oxygen, with acids; 
mm-mctallic substances, the gang no or vein stuli; crystallized, 
massive, earihy ; the “ Hitler. 

770 Mode of aggregation of the subdawe* ; veins filled with one or 
many sorts of mineral matter ; distribution of the diilercut 
substances various. 

General idea ol a miinr.ll vein ; lamine of successive cry stal- 
lization : successive deposition of these laminae n very plausible 
hypothesis ; Iunh saliwtactory on a great scale ; the subject fur- 
ther examined ; n'trnrr'x opinion as to the association of certain 
minerals in veins; occurrence of rolled and fragmented masses 
ill veins; general form of veins; lake vein**, pipe Veins, flat 
^ veins, gash veins, stiiugs and feeders of u vein; liilered 
rock ; metallic substitutes disseminated in rocks near veins, in 
Gnniwull, the Ninth of tingland ; tin disseminated in gr.iuite ; 
tin HAois of Horn wall ; stock-works of the Parys mine, l)an- 
nemora. Geyer. 

771 Itrlaiions of reins to rath other ; phenomena at tlieir intersec- 
tion, tin to richness, recipmcity; age of veins ns nnlic.it* d by 
their iutei sections ; tins subject examined ; fund a meat of 
postulate; objections to the admission of this; evidence of 
Cornish mines on this subject considered; ethit'. in the neigh- 
bourhood of a vein ; chiliad* r oi veins in ditiereift rocks; 
nheuoincna of coiitem|M>rtiiic(Mis veins : this term limited m 
its application; conclusion of the argument; iutei section of 
veins resumed : appear. mces at the dossing; slips and disloca- 
tions accompanying veins; real and apparent movement of 
the mineral masses. 

773 Groqt aphical relations of veins ; situations and character of 
reins, ns to height of gtound, depth trom so if. ice; vauntion 
• of contents iu pnipoition to depth ; dimensions of unneial veins, 
length, width, *\c. ; directions of mineral ecu m, a genet ul law 
hereon ; hast and West direction romniuii m lh it.un and Ku- 
roj>e ; directions of veins related to their ai^qmty m Corn- 
wall, in Genn.iny; dim turn of milling distmts. 

77 \ Connection of veins, lissuies, mam joints, and cleavage, Ac. 
fifrxwn to boreal ; relation of miueial veins to the rock* which 
impose them ; lniportiuice and dilllculty ot this subject. 

1. Relation to the dilleieut kimlsot locks; aie vciiin independ- 
ent of their chemical and miiurul divei oty ** aie c* rtain ineh.ls 
specially associated wiih particular locks r* inst.mcis for and 
ugiLinst this notion, in Cornwall, in Silesia, Ac ,in the North of 
Kngl.iml ; vaiiutis circumstances of the latter casts ; fpinutity 
i.f lead in the ditlerent louring lied s’’ Alston Moor; geno- 
ral eoiiclnsuiri. X ■ ^ * 

Walts nfn vein , altered as if in contact with trap, smoothed 
and polished; Slickenside, evidence it ailbrdx ot movement of 
i thd masses'. 

‘77H 2. it v latum to different ages of racks ; evident as a general fact ; 

metallic veins most abundant in primal y anil *d*l secondary 
• strata; the same relation obtains in rock dykes; very modem 
. veins at Jonrhiinsth.il ; contents of veins supposed by Weiner 
to characterise their ages; his disruption!* of tight systems 
of veins. 

777* 3. Relation to focal ventres of igneous action inquired into; in 
the older rocks veins most abundant where igneous action has 
been much developed, and rue versa; in newer rocks the 
same relation decidedly proved ; conclusions adopted on Ibis 
subject : under what limitations ; successive production of 
trap rocks and mineral veins under the same physical icgion. 
778 Electricity of veins i Mr. Fox's experiment* i on. ode red, 
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CHAPTER iy*. 

Invkstioations 'and Inkeiikncks. 


Section 

j f . 

On the (3nso filiation and Alteration of Strut ijted Rocks, 

77 S Effects off plutomc on stratified rocks; consolidation, partial 
fusion, verification, crystalline re-arrangement, generation 
of new nnnerals ; suhliimitiou of particular substances, coal, 
sulphur, bitumen, Ac. ; relation of igneous rocks to convulsive* 
disturbances of tl.e strata, such that their local exhibition de- 
pends oil. the same cause; comparison of these two orders of 
effects* ; ^existence (simultaneous or successive) of foxed rock a 
below the strata admitted, und tlieir elevations ascribed to 
mechanical ngenry. 

Consolidation of the strata shown to Ik* in the ratio of their 
nge, or rather of their proximity to the inferior heated regions 
of thcGlolie; the lower strata not merely consolidated, but 
partially altered in structure, composition, arrangement of pur- 
ticles, &c. ; gneiss, mica slate, clay slate, considered in Ibis re- 
spect ; similar review of the secondary ami tcitiary systems of 
strata, showing the decreasing eflects ot beat in iliein. 

Ktfccts of heat on the deposition of certain primary strata. 


Skction 2. 

On Disturbances of the Sira/a. 

780 1. Geological periods of convulsion ; prnnfti of convulsion, 
founded upon an investigation ol the sedimentary deposits, 
in agitated water, in tranquil water, with or without nveis ; 
sloping deposits rare and peculiar; hon/oiital deposits of gene- 
ral occiinence ; convulsions, how pinvul ihieetly ; hmv to lie 
inferred from collateral effects , huw'to d* tenuous the epochs 
of wnvntsion, on the scale of successive deposits; limits of 
greatest and least antiquity, how to he assigned ; question as 
to the duration of the cum a/aom ; were they effected by one 
or a few vast lilbrt*, or by many small ami graduated move- 
ments; faults examined with Hun view ; 7 elation of such / units 
in tu't's of convulsion ; interna e m favour oi short pt nulls of 
"leaf violence. 

7^3 Table oi the geological peiiods of convulsions in (areal Ihi- 
tuin ; .inothei Table apphi able to Kurope. 

2. Ihirrtmn of tonvuLtvr niovemrn/e governed by certain laws; 
Elte de Henumunt's hypo tic sis stated ; m wb.d manner it run 
fairly tested ; difficulties ill the piocess ; dislocations winch 
are not known to be of different ages, and otbeis which tue 
known t*i be of diifereiit ages, employed as (lain tor cxamni- 
mg the hypothesis; two of M «le Beaumont's sy stems of 
convulsion iimily/.ed ; more hunted inquiry recommended and 
exemplified. 

7,Sd hurt turn or stn/cr of the strata generally parallel to the 
great chains ot mountains, both in the Old and New World; 
North-Kasl ami Sonlh-West strike of stiata veiy hrqiienl ; 
parallelism of dukes of strata mid curves of magnetic in- 
tensity necoidiiig to AI. Necker, in Kurope, North Ainciicu, 
and Asia. 

7^7 3. Ktlects *.f convulsions in altemig the t elation* of bind ami 
ii'fttrr ; elevation of land, at what pounds, by what processes 
effected; general impiessioii on tins subject cm icet, hut not. 
Complete; jar hat t /nation of land a consequence of convul- 
sions, pioved by examination ol mountain chains mid gioiips, 
which show angularly elevated strata, and indieate vcificuL 
movements ; elevation of laud above the sea, un vvh.it evidence 
to !>** admitted. 

Oi can leaf; speculations on this subject ; phenomena of this 
level, within ccr'am limits, examined; by what causes varia- 
ble ; 1. t* uiperatiuc of the water; 2. general change of the 
dimensions oi the Glol c, of itN internal nucleus; 3. internal 
rumeineiilN cajiahle of slighlly (hanging the mean level of 
the oce.m ; calculation ot the amount upcnsiveinl assump- 
tions; conclusion adopted, that the mean oceanic level is nearly 
permanent. 

Kiev at i<ni of laml not in all cams convulsive, hut in some 
Cases gradual ; exleiit to which tin* principle may he applied $ 
proposal of a hypothesis on this subject, tbnf the convent ric 
interior masses of the spheroid may not bool uniform density, 
mid that the deiiMties on any one ladms may he variable by 
reason of intestine move.) cuts , piobuble ellects ot such con- 
ditions 
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jpns of land uad wifter, prior to .the farma- 
{'fhe formation of primary strata ; at the 
_ the carboniferous epoch ; origin of coni ; 
irmces of growth of thefoal plauts, before \he saliferous epoch ; 
before the oolitic ei>och ft difficult problem of the relative ole* 
vat ion above the sen of file successive secondary systems of 
strata. \ - $ 

791 4. Kflfci t of convulsions on the deposition of strata and organic 
life ; mineral character* of the several systems of strata com* 
pared with the sedimentary deposits now formed by the ordi- 
nary processes of Nature; origin of diversity of sediments; 
no universal strata, not even the oldest primary, strata, still 
less the newer rocks ; contemporaneity of changes of mineral 
character and general or local convulsions ; dependence of the 
former on the latter ; sudden or gradual effects of this nature ; 
case suited to modern hydrography proposed, 

792 Successive race s of mat inc antmul* might be changed by the 
same operations; transference of organic life ; co-ordination 
of convulsions, changes of organic life and mineral sediments; 
fre.sh-waier and marine alternation n dependent on local sub- 
terranean movements ; difference of cases ; proximate and 
remote convulsions ; corresponding effects. 

793 The Ileal d of Sussex ; Mr. Lyell's hypothesis on its gradual 
rise and the gradual transfer of its wasted materials to the 
tertiary basins of London and Hampshire examined ; tire uni- 

' stances favourable to it ; elevation of the Weald ; waste of 
the deposits there ; analogy of the sediments of the two ter- 
tiary basins named ; resemblance of these to the strata of the 
Weald ; principal objections to it ; want of curresjtondence of 
the succession of bedB ; deficiency of any rolled masses derived 
from the Weald. 


Qcneral Vie w of the State and Progress of Geology, 

793 Distinction of Geology from Cosmogony ; influence of the 
Geological Society of London ; state of preparation for a 
geological theory ; examination of some leading problems* 

Lapse of time ; scale of geological chronology, how to be 
formed ; rate of natural processes ; augmentation of low 
lands; shifting of sands; erosion of river channels ; difficulties 
in the reasoning even for comparatively recent teiresfi ul phe- 
nomena ; mode of proceeding in the case of older marine pe- 
riods exemplified. The evidence living, 

1. The mechanical deposition of sands, clays, conglome- 
rates, &c.; proof of their 'formation occupying time ; possibility 
of Atjmating the proportionate times ; assumed unit of time ; 
calculated period of the coal deposits ; conglomerates .prove 
that long time elapsed between the deposition of strata locally 
in co. let 

2. Chemical deposits of limestone ; difficult to reduce to 
periods; method proposed of referring them to cquavul me- 
chanical deposits. 

3. Alternation of chemical and sedimentary, deposits. 

4. Imbedded organic remains ; shells of nil ages in one only 
bed; proof of lapse yf time] number of shells in abed not 
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admitted fes proof; position of certain plants in sandstones 
opposed toi very great rapidity of deposition. 

I. Successions of races of orgauic beings in the ume basin ; 
impressive Mature of this evidence ; proof of long, but at the 
same tiinetpnknown, period* ; inutifity of attempting to dote* 
mine these' at present. 

6. Successions of convulsions in the same physical region* 

7. Alternation of marine and fiesh-water products. 

8. Alternation of aqueous and igneous products. 

9. Metamorphism of rocks. 

Successive Condition s of the Globe . 

797 Limitation of the inquiry ; laws of existing Nature must guide 
our inquiries; what is possible to be known; sensibly cswi- 
staney of the dimension* of the Globe in historical periods ; 
what it proves and ullfiws concerning internal heat and 
secular relrigcration. 

Voloaqtfc action need not be referred exclusively to either of 
the theories formerly explained. 

Displacement of the Earth's axis ; why not to be admitted as 
a geological cause. 

Origin of terrestrial organic life ; the general analogy of old 
and modern systems of materiul beings; special analogies of 
extinct organic forms to those of particular modem regions. 

Alternate periods of com u/sum and repose shown to have oc- 
curred locally, with definable circumstances of land an f sea ; 
application of this principle to large portions of the Globe, by 
Leibnitz and others ; contrary view of Mr. Lyell, uniformity 
of naturul agencies, and continual equality of the stun of their 
effects in a given time; these opposing views reduced to their 
postulates, varying condition and unlimited duration ; which 
of those is true must be fouud as a result of investigation, not 
Assumed as a basis of argument. 

Successive Condition of the Mates ia/s of the Globe, 

798 Origin of the elementary substances no part of Geology, hut 
their changes of condition a proper syhject of research ; ffer- 
nerian hypothesis of a chaotic ocean ; Leibnitz's vine of flio 

fvr effects of a globe progressively cooling ; Hutton's hypothesis of 
r " continually renewed phenomena. 

Certain sedimentary substances traced through several con- 
ditions ; tidal sediments, diluvial accumulations, millstone 
grif ; derivation of sediment jry.from pyrogenous rocks through 
one or more steps generally allowed. 

Origin of limestone ; in modern times from chemical action, 
from mechanical erosion, from transported exuviip, from vital 
phenomena; stratified limestones considered with reference to 
Dr. Hutton’s hypothesis of decaying alid renewed continents, 
and the ultimate reference of all eaithy substances to rocks of 
fusion ; Mr. Lyeh’B view that this derivation of sedimentary 
from pyrogenous rocks at the surface of the Garth is balanced 
by reconversion of the former into the latter towards the inte- 
rior, shown to be not fully in accordance with the hypothesis of 
uniformityiAnd continual compensation of the effects of inter- 
nal and external terrestrial agencies. 
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